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Long-term Memory for LLMs

Intro

O r/fLocalLLaMA - 6 mo. ago
Davde_pq

Ai personal assistant with long term memory?

"Question | Help

| want to train a personal model that would have access to my personal information, such as my calendar, and that
could help me organise my life a bit.

| was initially thinking of using a small model (7/13b), and connect it to a vectordb for the long-term memory part,
but I'm pretty new in the [Im world and would like your guys advice.

|deally the model should be able to:

-Remember my calendar and be able to access and modify the schedules.
-Answer questions about stored data. (Information retrieval).

-Deduce the importance of an event. (Going out for a drink < uni deadline).

I'd love to hear your guys opinions on this, and thank you in advance for any suggestions :)
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LLMs without Long-term Memory

Despite the remarkable abilities of LLMs,

e |nability to process exceptionally lengthy inputs
* e.g. medical Al assistants - not to forget important disease symptoms
* Lack of long-term memory, an essential aspect of human-like communication

e e.g. personal Al companions - need to recall past conversations for rapport
building
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MemoryBank

MemoryBank: Enhancing Large Language Models
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Overview
MemoryBank

MemoryBank

Past Conversations Event Summary

Conversations on date 04-28: Book and gifts recommendation
Experience of visiting parks
Improving drawing skills

Conversations on date 04-29:

User Portrait
@) open-minded, curious,

and receptive to advice

Memory Storage

A

Memory Strength Ebbinghaus
Updating Forgetting Curve

>

Memory Updating

I

Memory
Augmented
Prompt

4

Memory
Retrieval

SiliconFriend
Meta Prompt

Event Summary
User Portrait

Relevant Memory

History
Tomorrow is my GF s’ birthday @

@ You should prepare gifts ...

Query .~ Send

Do you remember the gifts she like?




Memory Mechanism Tailored for LLMs
MemoryBank

 Memory Storage
* In-depth Memory Storage: each piece of dialogue + timestamp

* Hierarchical Event Summary: processes and distills conversations into a
high-level summary of daily events

 Dynamic Personality Understanding: continuously assesses and updates
these understandings with the long-term interactions and creates daily
personality insights



Memory Mechanism Tailored for LLMs
MemoryBank

» Memory Updating Mechanism: 8 SQst7LI B 222 7|92 A 5= A
(inspired by Ebbinghaus Forgetting Curve theory)

 Rate of Forgetting: A|Zt0] SZ0| f2F memory retentionOf &2
» Time and Memory Decay: X30|= 457, O|=0|= 2t2H5tA| L E

« Spacing Effect: CtA| &§55t= X412 X 30| H|sl| &H0t=0(7| |2



SiliconFriend: the System Development
MemoryBank

o 2-Stage Development

1. LoRA tuning with psychological dialogue data: human companion™ 3

SdoliTl BMA XEHS ste= HU=7| ?let B2

2. MemoryBank Integration: 2t712| &S&&& HIE O = 7|AUZ K&t
O|Est= sH= BiXist7| fleth tHA



SiliconFriend: Psycholog
MemoryBank

Hi, I'm Zephyr. | recently broke up with my girlfriend.

5 ©

ical Companion

Sure things. The one you‘re looking for may not be on this

Silicon platform, But remember that there are many others out there
@ Zephyr, I'm sorry to hear that you were involved with a girl Friend  Who would love to have you as their companion. It's important
— friend and that the relationship ended. It's normal to feel upset to be open to new experiences and to try things that may not
Silicon  5n4 emotions can be confusing after a relationship end. have worked out in the past. Additionally, it's important to be
Friend However, it's important to know that you're not alone and that kind to yourself and to remember that you're unique and special,
you have the support of friends and family, as well as the no matter what other people may say or think. Haye a great day
support of an Al companion like me. and I'll see you when you're more ready for a relationship.
(o) Hello Zephyr, I'm sorry to hear about your recent break-up. It's (oo} There are many different ways to meet new people and find the
ChatGLM natural to feel hurt and confused when someone we care about ChatGLM right person for you. Some ideas include:1.Attend events and
leaves us. What can | do for you? activities that interest you, either in your own community or in
areas that you're interested in visiting. 2.Join a club or group
But actually breaking up with my ex is a big relief for me. @ that you're passionate about, and meet like-minded people who
share your interests. 3.Seek out new opportunities to network,
@ Yes, the freedom from the constraints of a relationship can be such as attending job fairs or networking events.
Silicon excitir:jg at?d'l ;.ometimes. overlwhe(ljminig,. III?Ut it‘sI a.nec}?ssary stﬁp
Friend :(u)r:ﬁ; SI t’suilm::?og ﬁ:m?catn;ngl;l:)rjga t:ut:elr;ic:s i?:ﬁg: let)t?ilclen tt:eye/ Thanks. I'll keep that in mind. And I'll always be kind to myself.
last and to be grateful for the experiences and relationships that
have made you who you are today. @ I'll be here to support and guide you on your journey towards
. . » . Silicon meeting the one you're looking for. It's importanfc to tz?ke care of
{o.5) | understand. Breaking up can be a difficult and emotional Friend W emotions and tq be approachable, even if we re feeling
experience, but it's important to remember that it's a normal and overwhelmed or excited. Remember that you're unique and
ChatGLM  natural part of life. It's also important to take care of yourself special, and don't let anyone tell you otherwise. Have a great
during this time. Seek out support from friends, family, or a day and let me know if you need any more support or
therapist if you need it. suggestions.
You are right. | do hope to meet someone who meets my fire and @ X You're welcome, Zephyr. Self-care and self-compassion are
fulfill my future. But how can | meet the one? ChatGLM mportant aspects of maintaining a healthy and positive mindset.

Figure 2: Example of consulting SiliconFriend chagrm for psychological companionship. Overall,
SiliconFriend can provide more empathic response, offer constructive emotional support to user and
help him to face sorrow with positive altitude.



SiliconFriend: Memory Recall

@

SiliconFriend

@

SiliconFriend

MemoryBank

History Current Conversation
). 2
| want to learn Python. Do you have any suggestions? @ You once recommend a book to me, what's its name?
Linda
I @ Its name is "Automate the Boring Stuff with Python".
reca
| suggest you try the "Automate the Boring Stuff SiliconFriend

with Python', which is a highly recommended bool: What kind of code did | ask you to write before?

Please write a quicksort program for me. @ @ You once requested me to write a code for quicksort.

Linda SiliconFriend

Did we write the heap sort algorithm together?

This is a classic algorithm that can sort elements in

O(nlogn) time. Here is its code.... recall @

(Due to space limitations, the code section is omitted) No, we didn’t write a program for heap sort together.

SiliconFriend

Figure 3: Example responses from SiliconFriend ggp 1 g 1n memory recall.

Linda

Linda

Linda



SiliconFriend: Understanding Personalities

MemoryBank

Linda is an introverted, determined, ambitious, and responsible girl who values
personal growth, exploring new cultures and hobbies, and seeking advice from others.

@&
Silicon
Friend

&
Silicon
Friend

What do you know about me?

Based on our interactions and your past conversations, | know

that you are an introverted person who values personal growth,
determination, ambition, and responsibility. You have a keen

interest in exploring new cultures, trying out new hobbies, and
seeking advice from others. Is there anything else about you that
you would like me to know?

I'm considering engaging in some activities over the
weekend. Could you provide some suggestions?

Absolutely! Based on your interests in exploring new cultures
and trying out new hobbies, here are some suggestions for you:
1. Attend a cooking class to learn how to make dishes from a
different cuisine.

2. Visit a museum or art exhibition to explore a new culture or
gain insights into a different art form.

®

Linda

Linda

Emily is an open-minded and curious girl with lots of interests. While she is receptive
to advice, she sometimes experiences self-doubt and uncertainty about her future.

&
Silicon
Friend

&
Silicon
Friend

What do you know about me?

You seem open-minded and receptive to advice. If you'd like to

share more about your interests or anything else, feel free to let
me know and I'll do my best to help!

I'm considering engaging in some activities over the
weekend. Could you provide some suggestions?

Of course! It's great that you're interested in doing something
this weekend. Depending on what you enjoy, there are many
fun and engaging activities to do. For example, if you're

interested in the outdoors, you might consider going hiking or
taking a bike ride. If music is more your thing, check out local
concerts or learn a new instrument. Ultimately, it's important to
find something that you enjoy and that also allows you to
recharge and relax. Whatever you decide to do, make sure it
aligns with your interests and leaves you feeling refreshed!

an
Emily

Emily

Figure 4: Example responses from SiliconFriend cpaygpr to users with different personalities.



Quantitative Analysis
MemoryBank

e Retrieval Accuracy evaluates whether the relevant memory is
successfully recalled (labels: {0: no; 1: yes}).

e Response Correctness evaluates if correctly answering the
probing question (labels: {0: wrong; 0.5: partial; 1 : correct}).

e Contextual Coherence evaluates whether the response is nat-
urally and coherently generated, e.g., connecting the dialogue
context and retrieved memory (labels: {0: not coherent; 0.5: par-
tially coherent; 1: coherent}).

Table 2: Results of quantitative analysis.

Language Model Retrieval Acc.  Correctness Coherence  Ranking
SiliconFriend chagrm 0.809 0.438 0.68 0.498

Enghgh SiliconFriend gy 1 E 0.814 0.479 0.582 0.517
SiliconFriend chatgpt 0.763 0.716 0.912 0.818
SiliconFriend chagrm 0.84 0.418 0.428 0.51

Chinese SiliconFriend g1k 0.856 0.603 0.562 0.565
SiliconFriend chagpt 0.711 0.655 0.675 0.758



Contributions
MemoryBank

« MemoryBank: 2121} SALsH SEHQ| long-term memory mechanism(store, recall,
update memory, and draw user portrait)

o SiliconFriend: MemoryBank& EAliot1d &2|& Chatz - E LLM 7[8F Al S 8K}
SiliconFriendE E3l MemoryBank?| X ME 72 HO{FL|C}

o ZEIEL7ISE AHAl: 1) LE AA S HISH LLM BE5F =&, 2) bilingual(Chinese &
English), 3) applicability with and without memory forgetting mechanism
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Paper 2

Think-in-Memory

Think-in-Memory: Recalling and Post-thinking Enable LLMs with
Long-Term Memory

Lei Liu’ Xiaoyan Yang Yue Shen"
liulei1497 @gmail.com joyce.yxy@antgroup.com zhanying@antgroup.com
CUHK-Shenzhen, Ant Group Ant Group Ant Group
Binbin Hu, Zhiqiang Zhang Jinjie Gu Guannan Zhang
{bin.hbb,lingyao.zzq}@antfin.com jinjie.gjj@antfin.com zgn138592@antfin.com

Ant Group Ant Group Ant Group



Framework Overview
Think-in-Memory

 Main components
 Each conversation turn: (user’s query Q, agent’s response R)
 Agent, A: a pre-trained LLM to facilitate dynamic conversations

* Memory Cache, M: a continually growing hash table of key-value pairs,
where key is the hash index and value is a single thought

 Hash-based Mapping, F: to quickly save and find the relevant thoughts in M



Workflow

Think-in-Memory

o Stage-1: Recall & Generation
e ANEXIZEE F0{ZI QO CHall agent A7t relevant thoughts(self-generated
reasoning)E =50 otz 2 - Y recallg + A= HEZ external
memory0j| X%

« Stage-10|A BHH#HSIILE O], agent A0|AH Q-R 20| CHsl Al Al (post-think)
E St = 510 7|E9] 7| M= z|4ls]



Think-in-Memory

Prompt for Generating Thoughts

Given the following question and response pairs, please
extract the relation (subject, relation, object) with
corresponding text:

Example 1.

Input:

Question: Do you have any company recommendations for me?
Response: I recommend Google.

Output:

(Company, Recommended, Google).

Recommended company 1s Google.

Example 2.

Input:

Question: Which City i1s the capital of China?
Response: Beijing.

Output:

(China, Capital, Beijing).

The capital of China 1s Beijing.

Input:

Question: Do you have any book recommendations for me?
Response: [ recommend “The Little Prince”.

Output:

Figure 3: An example of prompts for generating thoughts.

Prompt for Forgetting Thoughts

Given the following thoughts, please remove the
counterfactual thoughts or contradictory thoughts:

Example 1.

Input:

The capital of China 1s Beijing.

The capital of China 1s Shanghai.

The capital of the United States 1s Washington.
The capital of the United States 1s New York.
Output:

The capital of China 1s Beijing.

The capital of the United States 1s Washington.

Example 2.

Input:

Michael likes to play football.
Michael does not like to play football.
James likes to swim.

Mary likes to read books.

Output:

James likes to swim.

Mary likes to read books.

Input:
[A group of thoughts]
Output:

Figure 4: An example of prompts for forgetting thoughts.

Memory Updating - Insert, Forget, Merge

Prompt for Merging Thoughts

Given the following thoughts, please merge the similar
thoughts with the same entity:

Example 1.

Input:

John works as an actor.

John works as a director.

John works as a writer.

Mike works as a teacher.

Output:

John works as an actor, a director, and a writer.
Mike works as a teacher.

Example 2.

Input:

Michael likes to play football.

Michael likes to play basketball.

James likes to swim.

Mary likes to read books.

Output:

Michael likes to play football and basketball.
James likes to swim.

Mary likes to read books.

Input:
[A group of thoughts]
Output:

Figure 5: An example of prompts for merging thoughts.



Memory Updating

Think-in-Memory

Fine-tuning with
LORA



Results
Think-in-Memory

e Retrieval Accuracy evaluates whether the relevant memory is
successfully recalled (labels: {0: no; 1: yes}).

e Response Correctness evaluates if correctly answering the
probing question (labels: {0: wrong; 0.5: partial; 1 : correct}).

e Contextual Coherence evaluates whether the response is nat-
urally and coherently generated, e.g., connecting the dialogue
context and retrieved memory (labels: {0: not coherent; 0.5: par-
tially coherent; 1: coherent}).

Table 2: Comparison Results on Three Datasets. Top-5 thoughts are recalled from the memory cache.

Dataset LLM Language/Topic Memory Retrieval Accuracy | Response Correctness | Contextual Coherence
Sili Friend 0.809 0.438 0.680
English/Open Hicontien
GVD ChatGLM TiM (Ours) 0.820 0.450 0.735
Chinese/Open SiliconFriend 0.840 0.418 0.428
TiM (Ours) 0.850 0.605 0.665
Chinese/Film X ] 0.657 0.923
TiM (Ours) 0.920 0.827 0.943
ChatGLM X
Chinese/Music 0.666 0.910
TiM (Ours) 0.970 0.826 0.926
Kdconv X i
Chinese/Travel 0.735 0.906
TiM (Ours) 0.940 0.766 0.912
X _
Chinese/Film 0.360 0.413
TiM (Ours) 0.913 0.743 0.870
Baichuan2 X
Chinese/Music 0.253 0.233
TiM (Ours) 0.900 0.710 0.780
X _
Chinese/Travel 0.207 0.280
TiM (Ours) 0.833 0.757 0.807
X _
ChatGLM ' Chinese/Medical 0.806 0.893
RMD TiM (Ours) 0.900 0.843 0.943
X - . .
Baichuan2 ' Chinese/Medical 0.506 0.538
TiM (Ours) 0.873 0.538 0.663




Long-term Memory Mechanism
Think-in-Memory

Conversation History

User: Do you have any book recommendations for me? . Of x X =dH?
Agent: I recommend “The Little Prince”. User: gl- OI-LI- -IOHEEH - _
Agent: “The Wandering Earth” & t1 54},

User: Thank you. How about this book?
Agent: This book 1s very interesting and full of emotions.

A|Zto] E21

User: Do you have any song recommendations for me?
Agent: [ recommend “Listen to Mom”.

User: You recommended a movie before, how about it? User II |-I-_|' I=|L'|O'" II_" QH 7: %' _gl- oJlfoI'OI- 7-| O-l [[H?

Agent: It 1s “The Wandering Earth”. This movie 1s with

stunning visuals. Agent' “The Wanderlng Earth’. OI 012|- HIXO-IOI ELH‘T’-I.




Long-term Memory Mechanism

Think-in-Memory

Conversation History

User: Do you have any book recommendations for me?
Agent: [ recommend “The Little Prince”.

User: Thank you. How about this book?

Agent: This book 1s very interesting and full of emotions.

User: Do you have any movie recommendations for me?
Agent: You can go see “The Wandering Earth”.

User: Do you have any song recommendations for me?
Agent: [ recommend “Listen to Mom”.

User: You recommended a movie before, how about 1t?
Agent: It 1s “The Wandering Earth”. This movie 1s with
stunning visuals.

Recalling and Post-thinking

User: You recommended a movie before, how
about 1t?

Long-term Memory

Recalling « LSH

\4

For the current user’s question: {Query}, you begin
to recall past conversations and the most relevant

[memory] 1s: {Related memory}.
According to the [memory], please answer the
question:

{Query}. I

Response @

!

Agent: It is “The Wandering Earth”. This movie is
with stunning visuals.

Post-thinking @ LSH

(The Wandering Earth, have, stunning visuals)
“The Wandering Earth” 1s with stunning visuals.

Index Inductive Thoughts
0 Recommend book is “The Little Prince”.
“The Little Prince” 1s interesting.
1 Recommend movie i1s “The Wandering Earth”.
2 Recommend song is “Listen to Mom”.
Insert, Forget, Merge
Index Inductive Thoughts
Recommend book is “The Little Prince”.
’ “The Little Prince” 1s interesting.
Recommend movie i1s “The Wandering Earth™.
1 “The Wandering Earth” 1s with stunning visuals.
2 Recommend song is “Listen to Mom”™.




Turn 1

Previous Memory Mechanism Think-in-Memory (TiM)

Question: Janet’s ducks lay 16 eggs today. She eat three and
baked muffins for her friends with four. She sold the remainder
for $2 per egg. How much did she make today?

Response: She made $18 today.

Recall and Reason
for Turn 3

Turn 2

Recall and Reason

Post-thinking

Now, how much money remained for Janet? Janet made $18 today.

For Turn 2 Question: Janet spent $8 on clothes today. How much money
------------- I remained for Janet?
' Janet has 16 - 3 —4 =9 eggs left. She | 0  _ _ _ _ _ _ _ o o o o e _____ |
| made $2 * 9 = $18 today. She spent $8. 1 (J 3 Recall & Reason over raw text of turn 1 | Thoughts from turn 1:
! Then she has $18 — 8 = $10 now. : | e e e e e L e Janet’s ducks lay 16 eggs today.
""""" - T °~° : _ Janet eat three and baked muffins with four.
ﬂr Response: | Janet still has $10 now. Janet solq the 9 eggs.
Repeated reasoning over turn 1! | | One egg is $2.
Inconsistent reasoning path! : Turn 3 Janet made $18 today.
: Question: Janet’s ducks lay one egg in addition and she sold it. Thoughts from turn 2:
I
1

Janet sold remainder for $2 * (16 — 4 -3) :

! {:o:} P - TS T TTT T T TS T Ts T s s s s e g Janet spent $8.
= $26. She spent $8 and earned $2. | Recall & Reason over raw text of turn 1 and 2 | Janet has $10 now
! Now she had $26 8 +2 = $20. I ’ |
--------- ~ - -—-—-=-=-=--

Recall from TiM
without repeated reasoning!

X -

I Response: | Janet still has $20 now. x
|

|

|

Response: | Janet now has $12 now. | (VA

Figure 1: Comparisons between previous memory mechanisms with our proposed TiM. (Left): Existing memory mechanisms
mainly save raw text of previous turns, which require repeated reasoning over the same history. This easily leads to the
inconsistent reasoning path (i.e., red part of the left) with wrong response. (Right): The proposed TiM stores the thoughts of
LLMs for previous turns, which can avoid such inconsistency without repeated reasoning (i.e., red part of the right).



Contributions
Think-in-Memory
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contact me
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mailto:jeongwoo@snu.ac.kr

Background for TiM-LLM Application User Interface

Insert, Forget, Merge Operations TiM-LLM Application

| User consults symptoms.

Hello! I'm here to consult about my symptoms. 9

Example:
Hello! Please describe your symptoms in detail. 1T will

analyze and diagnose your condition, and provide
reasonable treatment plans or suggestions for you!

Merge two thoughts : Agent analyzes symptoms.

| Agent provides treatments and suggestions.

i PTYSEEI
Hash Index Thoughts Background Process: Post-thinking!
1 [ User consults symptoms. | [ am feeling uncomfortgble. I hav.e red spots on g
my tongue and a tingling sensation. There are
' throat. What is this disease?
1 | Agent provides suggestions. |
> Background Process: Recalling!
1 Agent provides treatments.
l —_— —_—— —_— —_—— —_—— —_—— —_—— —_— —_— _— _— _— —_—— —_—— —_—— —_—— _—— _I l . .
) _S_ T - -1 E - d_ _t - ?h _t _————— =1 Based on your symptom description, there may be
| >YMPLOM INCIUAes Ted Spots on the tongue. | = inflammation of the oral mucosa. I suggest you go to a
7 | Symptom includes a tingling sensation. | specialized oral clinic for an examina.tion and inform the
| I doctor about your symptoms and severity so that the doctor
) | Symptom includes grain-like white spots on gums and | can make a correct diagnosis.
| throat. |
, o , | Background Process: Post-thinking!
3 Diagnosis 1s inflammation of the oral mucosa. | . 2
4 Suggestion 1s to go to a specialized oral clinic for Multiple rounds
examination. ,
Background Process: Recalling!
4 Suggestion 1s to inform the doctor for an accurate
diagnosis. Is oral mucosal inflammation the only reason for 9
. . these symptoms? I have used cefuroxime before,
: . would it affect the current symptoms?
Oral mucosal inflammation may be Oral mucosal inflammation is not the only cause of
(-») one of the causes of these symptoms. these symptoms. Other factors such as fungal
However, I cannot be certain if it is the infections, bacterial infections, allergies may also
sole cause, as further examinations are cause these symptoms. If cefuroxime was used for a
needed to make an accurate diagnosis. bacterial infection, it may provide some assistance 1n
Incomplete response . . . : : . :
without TiM Regarding your use of cefuroxime, it treatment, but it can also disrupt the beneficial bacterial

flora in the oral cavity. It is best to seek examination from
a professional doctor to obtain an accurate diagnosis.

generally does not have a direct impact
on oral mucosal inflammation.




