
Metaphors for Memory: Charting a Design Space 
of AI Memory Tools and Interfaces

Design�space�of�
AI�memory�systems�and�interfaces

Knowledge Base 
personal/group notes and memos, 

docs/wiki/policies, 

logs and traces, 

observability data, 

domain/world knowledge

Self-model 
Instruction/role specification, 

Policy/constraints, 

Agent state, 

Tools/skills

User model  
user profile/preferences, 

propositions from history, 

population/audience priors

Shared mental model 
shared goals/plans, 

common grounds, 

intent specification, 

shared domain/world knowledge

Workspace 

Workspace state/progress log, 

artifacts/outputs, 

project instruction/directive, 

project requirements/rationale, 

temporary notes/artifacts

Knowledge Base Agent memory Workspace

Purpose of Memory systems

Architectural Design Space (Structural)

Context 

window

System 

prompt

Workspace 

(working 

repository)

External 

memory

You are a helpful… 

# Instructions 

* Only output… 

* Your response… 

## Examples

console.log(

"Hello, 

World!");

Lorem ipsum 

dolor sit amet, 

consectetur 

adipiscing elit, 

sed do eiusmod 

tempor incididunt 

ut labore

1, 2, 3, 4, 5, 6, 7, 8, 9,10

0.123, 0.333, 0.557, 0.053

[1], [3]. [6]. [2,1], [8,7], [4,5,6]
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Semantic / Episodic / Procedural

memory, human-AI interaction, 

language model, design space, 

AI agents

This paper surveys the design of 

tools and interfaces around AI 

memory to chart a design..

93a72469 refine wording and 

refresh rendering

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

BM25 
tf-idf

Implicit 

 / parametric 

 memory

(a)�memory�substrate (b)�Memory�relations�/�structure

(c)�Structuredness�of�each�memory�entry

List 

 / timeline

Multiple 

lists 

 / timelines

Set Tree Graph Vector 

space

File

(d)�Basic�memory�unit�scale

(e)�Node�and�edge�payload

You are a 

helpful… 

# Instructions 

* Only output… 

* Your 

response… 

## Examples

Unstructured Semi-structured 

(Markdown/YAML 

format, etc.)

Structured
- 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.

Not fixed

Sentence 

 / list entry 

 / idea unit

“embedding”: 

[0.0124, 

-0.0048, 

0.0001, 

-0.0180]

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.

Parameter 

(in-weights)

Passage 

 / paragraph

Q: How many cups of 

coffee did you drink 

today? 

A: Five. 

Q: How many hours did 

you sleep yesterday? 

A: [Conversation ends.]

The Quick Brown 

Fox Jumps Over 

The Lazy Dog

Token 

 / morpheme

Episode — Q&A pair, 

query-response pair, 

event cycle, 

conversation cycle, 

etc.

fox, brown, quick, 

jump over, dog, 

lazy

Word 

 / phrase

THESIS

Document

Text

Log / diff / history

Number

Description / rationale

Category

Keyword / tag

Timestamp

Order 

 / position index

Score / weight

Count

(f)�Retrieval�mechanisms

(g)�Retrieval�justification�method

Graph-based 

traversal 

ranking (e.g., 

DFS/BFS, 

PageRank)

Filter (e.g.,  

by timeframe, 

by score)

Lexical 

(string-based) 

search

Sparse 

retrieval 

ranking (e.g., 

BM25, tf-idf)

Vector 

embedding-

based search

LLM-based    

 retrieval 

 / selection 

 / reranking

Importance: 
 1 | 2 | 3 | 4 | 5

Filter

ScoreTop-K

LLM judgement
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Architectural Design Space (Interface and Interaction)

Operational Design Space

(h)�Main�interaction�pattern (i)�User�interface

User inputs, 

system uses

User requests, 

system acts

System acts, 

system observes user

User acts, 

system supports

Agent acts, 

user observes

Agents interact, 

user observes

API / library CLI Text editor / IDE Chat

List / table UI
Search 

 / inspect panels
Canvas / graph 

 / spatial UI

Simulation 

/ game-like 

  interface

21-23. History / version control18-20. Higher transformation
16-17. Memory generation 

from observation

Permission Controls (generalized from 1. Edit authority)
15. Visibility 

& isolation controls

13-14. (System) Interaction / provenance10-12. (System) Detection

9. Query / Retrieval7-8. Relations between memories1-6. Memory item operation

1. Edit authority 

(a) User edit memory directly 

(b) System edit with approval 

(c) System edit without approval

2-5. Item actions 

2. Add item 

3. Edit item 

4. Hide / soft-delete item 

5. Hard-delete item.

6. Export/

share memory 

(partial/full).

12. Semantic conflict / 

contradiction detection

8. Construct and 

maintain a network 

of relations over 

time

9. Query / Retrieve 

from the memory store

7. Edit relations 

Add relation 

Edit relation 

Hide / soft-delete relations 

Hard-delete relations.

16. Observation 

and generation 

from user

Permission 

configurability 

Fixed 

Changeable

System access/edit 

scope 

Selected item(s) 

Current workspace 

Selected locations 

Entire file system

(system) import/

export permission 

No import or export,  

Import but no export 

Export but no import 

Both import and export

Approval mode 

(system) Needs user approval 

(system) No need for user approval 

(system) Needs other system approval 

(system) No need for other system approval 

(user) Needs system approval 

(user) No need for system approval

15. Visibility & isolation 

controls 

(a) User owns -> system 

can/can't view 

(b) System owns -> user 

can/can't view 

(c) System owns -> other 

systems can/can't view

14. Show provenance / 

evidence of used memory

13. Use memory in interaction11. Temporal conflict / 

contradiction detection

10. Duplicate detection

17. Observation 

and generation 

from environment

18. Consolidate / 

summarize 

memory

19. Sensitive-

info audit 

(suggest and 

apply)

20. Infer higher-

level knowledge 

(more than 

summary) from 

existing memory 

and add it

21. Track memory 

history / diff

22. Revert to a 

specific version

23. Merge/split/

branch memory
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Gaps in Current Dominant Design Choices

1. Underappreciated coupling between architecture 
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

Metaphors for AI memory

Dominant metaphors

Exploring less used metaphors

1. Records, repositories, and database systems
2. Neurobiology of human cognition
3. Skills and tools (Claude Skills, etc.)

1. Software version control (e.g. Git)
2. Zettelkasten
3. Requirements
4. Personal diary and record
5. Community archive
6. Cultural Probes
7. Science fiction tales/games

1. e

Montréal HCI

(Gray means gap)

Abstract�
AI memory is becoming central to AI systems that aim to support personal and professional work. Yet, designing 
interfaces for AI memory is not well understood. How should we design for user interaction with AI memories—
for instance, what kinds of operations might users want to perform on memory, either now or in the future? We 
survey the design of tools and interfaces around “AI memory” to chart a design space of common design 
patterns, architectures, and operations, and identify dominant metaphors and gaps in the space. Then, we apply 
generative metaphorical design to expand the design space for AI memory, exploring less-dominant metaphors 
of software version control, Zettelkasten, requirements, personal diaries, community archives, cultural probes, 
and science fiction. Our work offers rich opportunities for gaps and emergent needs that future interfaces for AI 
memory might address.
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