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What is AI memory?

2



“AI memory” still lacks clear consensus

Hardware Memory

You are a 
helpful… 
# Instructions 
* Only output… 
* Your 
response… 

Parametric (Implicit) 
Memory

Written (Explicit) 
Memory
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The term can range from hardware-level memory to LLM’s implicit 
parametric memory and explicit written memory (e.g. prompts, files).

From To



Our Definition of AI memory
Information that an agent retains through interaction, reorganizes as 
new information emerges, and reuses when relevant.

4



Hardware-level memory is outside our scope.

5

5

We focus on “information” used and updated through human-AI interaction.



Why Does AI Memory Matter for Designing 
Interactive Systems?
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Different Goals Require Different Memory Designs

Investment Team Agent Clinical Support Agent Role-Playing Agent
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Agents with different roles need different memory structures, operations, and 
interactions.



Different Goals Shape Different Design Choices
We need to make design choices across architecture, operations, and 
interactions, based on what the system needs to prioritize.

Role-Playing Agent

You are a helpful… 
# Instructions 
* Only output… 
* Your response… 
## Examples

Clinical Support Agent

Q: How many cups of 
coffee did you drink 
today? 
A: Five. 

Q: How many hours did 
you sleep yesterday? 
A: [Conversation ends.]

- Lorem ipsum dolor sit amet.
- Consectetur adipiscing elit.
- Sed do eiusmod tempor 

incididunt ut labore et dolore 
magna aliqua.

- Ut enim ad minim veniam.
- Quis nostrud exercitation 

ullamco laboris nisi ut aliquip 
ex ea commodo consequat.

Investment Team Agent

OperationsInteraction

You are a helpful… 
# Instructions 
* Only output… 
* Your response… 
## Examples

we design for 
user with AI 
memories—for 
instance, w

BM25 
tf-idf

InterfaceArchitecture
Purpose of

Memory 
system

OperationsInteraction

InterfaceArchitecture
Purpose of

Memory 
system

OperationsInteraction

InterfaceArchitecture
Purpose of

Memory 
system
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Design goal of systems

AI Memory Design Choices Matter

Operations User interactionArchitecture
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To support the interactions we want, a memory system needs the right 
operations and an architecture that can support them.



Design goal of systems
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Operations User interactionArchitecture

AI Memory Design Choices Matter
Misaligned designs may appear to work, but quietly affect user interaction.



Design goal of systems
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Operations User interactionArchitecture

E.g., users give up due to 
time and effort costs.

AI Memory Design Choices Matter
Misaligned designs may appear to work, but quietly affect user interaction.



What should we design in AI memory, and 
how?
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Implicit and Explicit memory
In LLM-based systems, memory can take implicit or explicit forms.
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You are a 
helpful… 
# Instructions 
* Only output… 
* Your 
response… 

Parametric (Implicit) 
Memory

Written (Explicit) 
Memory



Implicit memory
Knowledge implicitly 
encoded inside model 
parameters.
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Implicit and Explicit memory
In LLM-based systems, memory can take implicit or explicit forms.



Information written outside 
the LLM, such as prompts, 
context windows, project 
files, and logs.

Explicit memoryYou are a helpful… 
# Instructions 
* Only output… 
* Your response… 
## Examples
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You are a 
helpful… 
# Instructions 
* Only output… 
* Your 
response… 

Implicit and Explicit memory
In LLM-based systems, memory can take implicit or explicit forms.



Explicit memory deserves more attention 
from a human-AI interaction perspective

Context window System prompt Workspace 
(working repository) External memory

You are a helpful… 
# Instructions 
* Only output… 
* Your response… 
## Examples
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Implicit memory
Hard to inspect and 
update during 
interaction

Explicit memoryYou are a helpful… 
# Instructions 
* Only output… 
* Your response… 
## Examples

Easier to inspect and 
update during 
interaction
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Implicit memory
Black-boxed agent 
behavior 
Reduced user ownership 
and governance

Explicit memoryYou are a helpful… 
# Instructions 
* Only output… 
* Your response… 
## Examples

Explicitly specified agent 
behavior 
Greater user ownership 
and governance
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How should we design AI memory systems?
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How should we design AI memory systems?
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Unfortunately, we still lack a clear answer to this question.

• What design choices are available for AI memory 
systems?


• What trade-offs do these choices involve?

• What directions remain unexplored?



Metaphors for AI memory

Charting a Design Space of AI memory
Design space, dominant 
patterns, and gaps from 14 
architectural system 
analyses and 15 operational 
system (22 subsystems) 
analyses.

Metaphorical design study of AI memory 
systems based on 3 dominant metaphors and
7 alternative metaphors.
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First. Survey of AI memory systems to map their 
design space and new design opportunities.

1. Surveyed current AI 
memory systems

Gaps
1.Underappreciated coupling between architecture/structure and operation
2.Gap in recording relationships among memories
3.Lack of user-agent common grounding steps
4.Accumulate-only lifecycle with no versioning
5.Lack of selective access control
6.Lack of approval control over memory operations
7.Gray zone in NLP and HCI

Implications
1.Implicit versus explicit memory
2.How should we scope and target memory substrates?
3.Granularity and density of memory components
4.Representing relations among memories
5.Choice of retrieval mechanisms
6.Interdependence between architecture and operations

2. Mapped their 
architectural and 
operational design space

3. Derived implications 
and identified gaps
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Second. Dominant and less-used metaphors to 
inspire AI memory designs.

1. Dominant metaphors 2. Less-used metaphors
Records, repositories, 
and database systems

Skills and tools

Neurobiology of 
human cognition

Software 
Version 
Control

Cultural Probes

RequirementsZettelkasten

Science fiction 
tales/gamesCommunity Archive

Personal 
Diary and 
Record
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1. Charting a design space of AI memory
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Surveyed architectures (14 systems) and operations (15 systems / 22 subsystems).

Snowball sampling across industrial and academic systems.

Prioritized depth over coverage.

Survey and review of AI memory systems
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Architectural and operational design choices 
Started with seed axes and iteratively refined the coding scheme. When an axis 
changed, we revisited the affected codes, and stopped once new cases fit the 
existing axes and options.

Table 1 (left): Architectural design 
choices across AI memory systems
Table 2 (right): Operational design 
choices across AI memory 
systems
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Design Space 
of AI memory 
systems and 
interfaces
We then developed a 
design space based on 
these design surveys.
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Gaps
1.Underappreciated coupling between architecture/
structure and operation

2.Gap in recording relationships among memories
3.Lack of user-agent common grounding steps
4.Accumulate-only lifecycle with no versioning
5.Lack of selective access control
6.Lack of approval control over memory operations
7.Gray zone in NLP and HCI

Implications
1.Implicit versus explicit memory
2.How should we scope and 
target memory substrates?

3.Granularity and density of 
memory components

4.Representing relations among 
memories

5.Choice of retrieval mechanisms
6.Interdependence between 
architecture and operations

Survey Implications and Identified Gaps
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Interdependence among 
architecture, operations, and resulting interactions

One key takeaway

Without this alignment, memory systems may fail to support their 
intended interactions.
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Interdependence between 
architecture and operations, and final interaction

One key takeaway

Operations

Interactions Recover and edit memory

No versioning operations & hard edit only

Users permanently lose previous 
memories when editingResult
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Case 1. When operations do not support intended interactions:



Interdependence between 
architecture and operations, and final interaction

One key takeaway

Operations

Identify conflicting directions within the team

Supports semantic conflict identification and 
resolution

System cannot tell who said whatResult

Single Markdown file with no 
information on who wrote what

Architecture
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Case 2. When the architecture does not support intended operations:

Interaction



Interdependence between 
architecture and operations, and final interaction
When either operations or architecture fail, the system cannot work 
as intended.

One key takeaway

Operations User interactionArchitecture
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Gray Zone in NLP and HCI

Operations User interactionArchitecture

We also found a field-level pattern, where NLP work often overlooks 
interaction, while HCI work often under-specifies architecture.

NLP

HCI
Operations User interactionArchitecture

Limited user–agent support for 
interactive memory manipulation 

Performance degradation 
from architectural mismatch 
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When designing any memory system, we need 
to think about its architecture, operations, and 
the resulting interaction together.

Long story short
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2. Metaphors for memory
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Dominant Metaphors for memory
We also found that the systems in our survey repeatedly drew on these 
three metaphors.

Records, 
repositories, and 
database systems


Skills and toolsNeurobiology of 
human cognition
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1. Memory as 
Records, repositories, and database systems
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Memory as Records, repositories, and 
database systems
MemGPT explicitly draws inspiration from memory systems in 
traditional operating systems.
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Memory as Records, repositories, and 
database systems
Mem0 and Memolet also draw on the notion of a “memo” in 
how they frame their systems.
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2. Memory as 
    Neurobiology of human cognition
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Memory as Neurobiology of human cognition
This metaphor has a long history, tracing back to Alan Turing’s 
question, “Can machines think?”
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Memory as Neurobiology of human cognition
It can be used as design inspiration — HippoRAG uses the human 
hippocampus and neocortex as core concepts for its architecture.
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Memory as Neurobiology of human cognition
Or as a way to describe system operations through human-cognition 
language, e.g. learn, understand, or have personalities.
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3. Memory as Skills and Tools
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Memory as Skills and Tools
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This metaphor frames stored memories as reusable skills or tools that 
the agent can draw on for specific tasks.



These metaphors help us define and make sense of AI memory, but 
they also shape how AI memory is imagined by centering particular 
ideas while marginalizing others.

Metaphors both illuminate and hide

Reference:
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Imagining new metaphors
We here introduce seven 
less-used metaphors to 
“connect previously 
disassociated domains 
to generate new ideas”.
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Imagining new metaphors
 Methodological details on generative metaphor study

• Research-led iterative design process conducted 
over approximately three months.


• All authors participated in proposing, discussing, 
and defining canidate metaphors.


• Interated refinement on metaphors themselves plus 
their specific properties and implications to serve 
clear and productive design inspiration to readers.
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Imagining new metaphors
We here introduce seven less-used metaphors to

“connect previously disassociated domains to generate new ideas”.

Software 
Version Control

Cultural Probes

RequirementsZettelkasten

Science fiction 
tales/gamesCommunity Archive

Personal Diary 
and Record
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Inspire new possibility from metaphors

1. Dominant metaphors 2. Less-used metaphors
Records, repositories, 
and database systems

Skills and tools

Neurobiology of 
human cognition

Software 
Version 
Control

Cultural Probes

RequirementsZettelkasten

Science fiction 
tales/gamesCommunity Archive

Personal 
Diary and 
Record

These metaphors can be used as design tools alongside the three 
dominant metaphors, giving us new ways to think about AI memory.
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Metaphors for Memory: 
A real use case from my own work
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E.g. AI Memory System for an Investment Team

Properties
• Gather information from multiple 

sources and build an accurate, 
structured picture


• Distinguish different levels of 
information to avoid overfitting to 
weak signals or overlooking 
important ones


• Identify and help resolve 
disagreements between internal 
and external perspectives

52

We’re applying our design space and metaphors in designing an 
in-house investment team’s memory system.



Operations Interaction

You are a helpful… 
# Instructions 
* Only output… 
* Your response… 
## Examples

we design for 
user with AI 
memories—
for instance, w

BM25 
tf-idf

InterfaceArchitecture
Purpose of

Memory system

• Gather information from multiple 
sources and build an accurate, 
structured picture


• Distinguish different levels of 
information to avoid overfitting to 
weak signals or overlooking 
important ones


• Identify and help resolve 
disagreements between internal 
and external perspectives

Properties
Architecture, Operations, and Interaction
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E.g. AI Memory System for an Investment Team
I use the design space to think through its architecture, operations, 
and interaction, and to identify what properties the memory system 
needs for their workflow.



E.g. AI Memory System for an Investment Team

• Gather information from 
multiple sources and build 
an accurate, structured 
picture


• Distinguish different levels 
of information to avoid 
overfitting to weak signals 
or overlooking important 
ones


• Identify and help resolve 
disagreements between 
internal and external 
perspectives

Properties

OperationsInteraction

You are a helpful… 
# Instructions 
* Only output… 
* Your response… 
## Examples

we design for 
user with AI 
memories—for 
instance, w

BM25 
tf-idf

InterfaceArchitecture
Purpose of

Memory 
system

Architecture, 
Operations, 
and Interaction

Records, 
repositories, and 
database systems

Skills and toolsNeurobiology of 
human cognition

Software 
Version Control

Cultural 
Probes

RequirementsZettelkasten

Science 
fiction tales/
games

Community 
Archive

Personal Diary 
and Record

Dominant and 
Less-used Metaphors
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Metaphors help us imagine possible improvements for the system.



E.g. AI Memory System for an Investment Team

1. Dominant metaphors

Records, repositories, 
and database systems
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E.g. AI Memory System for an Investment Team

1. Dominant metaphors

Records, repositories, 
and database systems

2. Less-used metaphors

Community Archive
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E.g. AI Memory System for an Investment Team

1. Dominant metaphors

Records, 
repositories, and 
database systems

2. Less-used metaphors

Community Archive

• Transmission and re-access/
reconstruction


• Voluntary participation and production

• Cross-referencing and knowledge 

networks
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E.g. AI Memory System for an Investment Team

1. Dominant metaphors

Records, 
repositories, and 
database systems

2. Less-used metaphors

Community Archive

• Transmission and re-access/
reconstruction


• Voluntary participation and production

• Cross-referencing and knowledge 

networks

Requirements

• Shared grounding and interpretability

• Reducing redundancy and ambiguity

• Verifiability

• Normative reference

• Conflict-free

• Providing rationale
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E.g. AI Memory System for an Investment Team

Records, 
repositories, and 
database systems

Community Archive

Requirements

There may be different requirements 
and opinions within the team…
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E.g. AI Memory System for an Investment Team

Records, 
repositories, and 
database systems

Community Archive

Requirements

There may be different requirements 
and opinions within the team… 
What if we implement operations that 
help identify and resolve these 
conflicts? With records.
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E.g. AI Memory System for an Investment Team

Records, 
repositories, and 
database systems

Community Archive

Requirements

There may be different requirements 
and opinions within the team… 
What if we implement operations that 
help identify and resolve these 
conflicts? With records. 
To support this, each memory payload 
should include who created the record 
and what context it came from.
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E.g. Designing investment team agent 

Science fiction 
tales/games

Personal 
Diary and 
Record

Community 
Archive

Software 
Version 
Control

Separate individual memory vaults 
with a shared common space

In-house “style memory” for team-
wide investment decision in unison

+

+
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Conclusion Metaphors for memory:�
Charting a Design Space of�
AI Memory Tools and Interfaces



Records, 
repositories, and 
database systems

Skills and toolsNeurobiology of 
human cognition

Software 
Version 
Control

Cultural Probes

RequirementsZettelkasten

Science fiction 
tales/games

Community 
Archive

Personal Diary 
and Record

Systems Metaphors

Applying this framework to your own cases
Design Space



For fellow researchers studying AI memory



Questions

Metaphors for Memory: 
Charting a Design Space of 

AI Memory Tools and 
Interfaces


