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What is Al memory?



“Al memory” still lacks clear consensus

The term can range from hardware-level memory to LLM’s implicit
parametric memory and explicit written memory (e.g. prompts, files).
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Our Definition of Al memory

Information that an agent retains through interaction, reorganizes as
new information emerges, and reuses when relevant.




Hardware-level memory is outside our scope.
We focus on “information” used and updated through human-Al interaction.
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Why Does Al Memory Matter for Designing
Interactive Systems?



Different Goals Require Different Memory Designs

Agents with different roles need different memory structures, operations, and
Interactions.

Investment Team Agent Clinical Support Agent Role-Playing Agent
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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.
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Al Memory Design Choices Matter
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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Al Memory Design Choices Matter

Misaligned designs may appear to work, but quietly affect user interaction.

Design goal of systems
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Al Memory Design Choices Matter

Misaligned designs may appear to work, but quietly affect user interaction.

Design goal of systems
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E.g., users give up due to
time and effort costs.



What should we design in Al memory, and
how?



Implicit and Explicit memory

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

You are a
g( helpful...
# Instructions
* Only output...
g( * Your
response...

Parametric (Implicit) Written (Explicit)
Memory Memory
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Implicit and Explicit memory

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

¥ Implicit memory

Knowledge implicitly
encoded inside model
parameters.




Implicit and Explicit memory

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

You are a
WS EprICIt memory g< #elnps’tjructions
g/ * \C()nly output...
. . . *Your
Information written outside > response...

the LLM, such as prompts,
context windows, project v @
files, and logs.
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Explicit memory deserves more attention
from a human-Al interaction perspective

%/ You are a helpful...
N L Instructions b
: Only output...
§/ * Your response.. b
\ ## Examples

Workspace
(working repository)

Context window System prompt External memory
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§< ;ou are

a helpful...
Instructions
utput...

= EXPliCIt memory

Easier to inspect and
update during
Interaction

¥ Implicit memory

Hard to inspect and
update during
Interaction

¥ AGENTS.md > abc # Agent Notes
1 k Agent Notes

2

3 - For 10S UI changes, build the app and verify the
affected flow in Simulator when feasible.

4 — When verifying a UI behavior in Simulator, capture

and keep a screenshot that shows the behavior working,
then mention the screenshot path in the final response.

5 - Prefer screenshots from "xcrun simctl io <device>
screenshot™ for i0S Simulator verification.

* Validation loss before training: ©0.7032, accuracy: 51.2615%, auc: 0.5315

=== ============= Training bert model on device: cuda ====================
* Training epoch 1:
Avg. batch proc. time: 0.0374s, loss: 0.3680: 100% |GGG 217/217 [01:01<00:00,
-> Training time: 61.8425s, loss = 0.3680, accuracy: 83.8873%
* Validation for epoch 1:
-> Valid. time: 2.3848s, loss: 0.2465, accuracy: 89.1055%, auc: 0.9654
save model succesfully!

* Training epoch 2:

Avg. batch proc. time: 0.0604s, loss: 0.1769: 100% | NG| 217/217 [01:02<00:00,
-> Training time: 62.6737s, loss = 0.1769, accuracy: 93.6127%

* Validation for epoch 2:

-> Valid. time: 2.3535s, loss: 0.2607, accuracy: 90.8257%, auc: 0.9678

save model succesfully!

* Training epoch 3:

Avg. batch proc. time: 0.0585s, loss: 0.0847: 100% | NG| 217/217 [01:02<00:00,
-> Training time: 62.8606s, loss = 0.0847, accuracy: 97.0954%

* Validation for epoch 3:

-> Valid. time: 2.3710s, loss: 0.3368, accuracy: 90.9404%, auc: 0.9631

save model succesfully!
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§< ;ou are

a helpful...
Instructions
utput...

= EXPliCIt memory

Explicitly specified agent
behavior

Greater user ownership
and governance

¥ Implicit memory

Black-boxed agent
behavior

Reduced user ownership
and governance

¥ AGENTS.md > 2bc # Agent Notes
1 k Agent Notes

2

3 - For 10S UI changes, build the app and verify the
affected flow in Simulator when feasible.

4 — When verifying a UI behavior in Simulator, capture

and keep a screenshot that shows the behavior working,
then mention the screenshot path in the final response.

5 - Prefer screenshots from "xcrun simctl io <device>
screenshot™ for i0S Simulator verification.

* Validation loss before training: ©0.7032, accuracy: 51.2615%, auc: 0.5315

==================== Training bert model on device: cuda ====================
* Training epoch 1:
Avg. batch proc. time: 0.0374s, loss: 0.3680: 100% |GGG 217/217 [01:01<00:00,
-> Training time: 61.8425s, loss = 0.3680, accuracy: 83.8873%
* Validation for epoch 1:
-> Valid. time: 2.3848s, loss: 0.2465, accuracy: 89.1055%, auc: 0.9654

save model succesfully!

* Training epoch 2:
Avg. batch proc. time: 0.0604s, loss: 0.1769: 100% | NG| 217/217 [01:02<00:00,
-> Training time: 62.6737s, loss = 0.1769, accuracy: 93.6127%

* Validation for epoch 2:
-> Valid. time: 2.3535s, loss: 0.2607, accuracy: 90.8257%, auc: 0.9678
save model succesfully!

* Training epoch 3:

Avg. batch proc. time: 0.0585s, loss: 0.0847: 100% | NG| 217/217 [01:02<00:00,
-> Training time: 62.8606s, loss = 0.0847, accuracy: 97.0954%

* Validation for epoch 3:

-> Valid. time: 2.3710s, loss: 0.3368, accuracy: 90.9404%, auc: 0.9631

save model succesfully!
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How should we design Al memory systems?



How should we design Al memory systems?

Unfortunately, we still lack a clear answer to this question.

 What design choices are available for Al memory
systems?

 \What trade-offs do these choices involve”?
* \What directions remain unexplored?



Charting a Design Space of Al memory

‘Table 1: Architectural design choices across AT memory systems

Systews. (@ Memury (9 Memory (9 Stevetureducss (@) Basic (©Node and (D Retsieval (O Retuieval  (8) M intesaction () User interface

Design sp ace of e v eny eyt epeyiend mechonioms [

MemGPTlot]  Comtextwindow  Timeline Unsiructured Docament Timestamp  Tmeframe dler Filters User requests APILibrary, ‘“Table 2: Operational design choices across Al memory systems
r Lo

| |
Al memory systems and interfaces Architectural Design Space (Interface and Interaction) prap = T
Purpose of Memory systems (h) Main interaction pattern (i) User interface i et M R, T T e . R o T - e
HopoAGi) Beemaimnery b Smewd Wl Com | Pebeiwhok ToX  Owegew Ay M e T i e S e R e
, Knowledge Base Agent memory Workspace £ O@'}E [} p Lo Bty e Sl Vel vl abls Tk Gweos iy P — e B E—
Ol uth y

3 | |
o5& oty 5 v > I E Smenge
8 a
m P2 &E Bo ~ AT g5t <7 B] S i M SO

& =r1v' it e . ..
. Mena/ nlmeny T Suwed  Docament  Kowed  Velwembedng ToX  Geoeuss Tk - s v v e v v v v v . .. - ..
Knowledge Base Self-model User model Shared mental model Workspace User requests, User inputs, User acts, API/ library cu Text editor / IDE Chat Memog 18 Graph rimie L ortem at e
personallgroup notes and memos specifcation,  user Workspace state/progress log system acts system uses system supports Stece g (GRS ,
docsiwikilpolicies, Policylconstraints, propositions from history, common grounds, artifacts/outputs, N v v e e e e e e e v e
logs and traces, Agent state, Popualon/audence priors  intent spocifcaton, project instruction/directive, AiGph(ll  Comctwisiow  Taelae  Smwed  Docamt  Koywed  Veoorenbedlog Tk Ageatacts et e P — P M
observabily data, Tooisskils shared domainiworid knowledge  project requirements rationale, (] [ ey e G QISR i ot it ogend - v v v M . M
Gomainword knowledge Eomporary notes/artacts %@ . u St ek N
S @ {m} — ’?ﬁi . - e v v o
7 i - o Generative Context window titmdine  Structured Vord Seore. Lexical scarch. Filtes cats interact, Sims-like ) syt b approval N - y - - - - - v - v M v v
Architectural Design Space (Structural) % \:1 = HA L — @ () S Gmmymr E BRI S : a . . MM
O =) el ey neian udgenent e et s
(gn) = — Seres ) o . E E v o . . .
, (a) memory substrate (b) M Jations / struct NI Tk [ — X
emory relatons / structure System acts, Agent acts, Agents interact, i Search C: ! nh  Simulation General User o List Structured Seatence Timesta BM2s Top-% stem acs, APLLibrary ) systers wthon: appeoeal - - N N N N N N
List / table Ul e anvas /graph  poob Ao User  Work o v W vy
. " system observes user user observes user observes Tinspect panels ] spatial U1 game-ike Model Sl Exemaimenory  Tinelne s e b i ysemabsrves user $ Hed e e e e e e . e e e e
¥ Fhdroctons o @ B . interface . ) s . Kdgenc ) Ju—— ! : M M
% x.i et maporo tb S[E =, @ Operational Design Space T R gyt bty & v v v v . M
oy i T
n Implicit Context  System Workspace External ist Multiple  Set Tree Graph  Vector File 1-6. Memory item operation 7-8. Relations between memories 9. Query / Retrieval Memolet 1] Comestvindow Vecorspae - Snutuced Dt Vector embeddng vk i ets i Fgap— - - - - - - v
Iparametric window  prompt (working  memory /timeline lists space Eeeralmemory & spas ikt sl C , : :
memory repository) I timelines Memory Contextondow List Unstructused  Docament Useracts, Cchat
1« / lo) I Sraeen Lo s o
A . U Y it e
(c) Structuredness of each memory entry (d) Basic memory unit scale 'en Yo Shillsls] Contestwindow syte s v .
ClandeCote  beemmimenory  Sioglefle  Somtamitire  Docament [r— CumdmE e a - v - v
Lorem Ipsum Yousroa enboctings 1. Edit authority 2.5, Item actions 6.Export/ 7.Edit relations 8.Constructand 9. Query / Retrieve subageats [8] - Sy ot e B . . PRV ..
+ elp console. o st ] fox, brown, quick, (8) User edit memory directly 2. Add item share memory Add relation maintain a network  from the memory store - s _ . s v v v v T P
adpiacing e, G ot Straat [ﬁx 0o, ok damps v [empover g (b) System edit with approval 3. Edititem (partialffull).  Edit relation of relations over Rt Each entry ot o adopted options T syt it  cell.eatler Teras e seively Bigher ompertnc i
sed do eiusmod “Vour ) The Lazy Dog lazy (c) System edit without approval 4. Hide / soft-delete item Hide / soft-delete relations time
tempor nciddunt [espone.; Not fixed Parameter Token 5. Hard-delete item. Hard-delete relations. ey o o
utiabore xampios s o fom e
inarel Word . . s
n Semi  Lorem ipsum dolor it amet (in-weights) /morpheme Iphrase  10-12. (System) Detection 13-14. (System) Interaction / provenance v v v v v A v v v e e e
(Markdown/YAML o Table 2: Operational design choices across Al memory systems (continued) . .o .o . LA . .o
o) - Consectetur adpiscng elt. L orom psum dolor it _ x. x. . M
' R, S oo =2 1372 13? S a 0
Incididur i lit, sed de Sollieh i you drind - * * Loyt [44] e [56) Ul [60] Cluude Coue [5] v A v v v v v
(e) Node and edge payload magna aliqua adpsang ol sed do ot st i~ o n . | - ] o " -
- Utenim ad minimveniam.  cuaon ot hpore st A Five AB()Aa AL : . J— : [P v v & ° ©
- Quis nostrud exercitai o PO PV g By s
Number Text Glamco abore it alulp S90S m0TR AAUR: UL 0 ow many hours did 2 ) 5 I I R S W o T e e e aw . . L. L. . .
1.2,3,4,5,6,7,8,910 memory, human-Al interaction, ex ea commodo consequal. s nostrud excrcitation o Comateaton s ) 10. Duplicate detection 11. Temporal conflict/  12. Semantic conflict/ ~ 13. Use memory in 14. Show / F
Count Ianguage model, design space, Sentence ullameo labris nisi ut o ! detection iction detection evidence of used memory s
Al agents Ilist entry aliquip ex eacommodo - Episode — Q&Apair,  ocUmen e il e . . . v v . 214 Interaction &
0.123,0.333, 0.557, 0,053 Keyword / tag Iidea unit coneequat query-response pair, 15_- Visibili Permission Controls (generalized from 1. Edit authority) ver . . R . Urawayin v - v v - v v v v v - v
Score / weight Passage event cycle, & isolation controls weversion . A . N - .
‘Semantio/ Episodic / Procedural I paragraph  conversation cycle, o,
11,31 (6} 211, (8714561 Category etc j v' X ,I, T Ov () ey
Order L (_ o 1. C'mm:m Auu‘lnlmn
e\ T Q\ 52 SN OXx o o
2026.08.03.00:00 UTCHo memory to chart a design. N ) @ 15. Visibility & isolation Approval mode (system) import/ System accessledit  Permission v v
024-08- Description / rationale Metaphors for memory: controls (system) Needs user approval export permission scope configurability i v v v v
Timestamp P NWH ) Charting a Design Space of () User owns -> system (system) No need for user approval No import or export, Selected item(s) Fixed T e iato i
(] e can/can't view (system) Needs other system approval Import but no export Current Cl p iy
refine wording and Al Memory Tools and Interfaces (b) System owns -> user (system) No need for other system approval  Export butnoimport  Selected locations Wil - - - : E : °o o o oo ey eyt Ty e p— J T TT————
refresh rendering @ 4 can/can't view (user) Needs system approval Both import and export  Entire file system spoal o o . . . . . ) oot yrinidybidnr foreL v ki L el i . iy ey
Log / diff/ history p— (c) System owns -> other (user) No need for system approval
L systems can/can't view
(9) Retrieval justification method
(f) Retrieval mechanisms 16-17. Memory generation . . . . v o o o
° @ from observation 18-20. Higher transformation 21-23. History / version control ; VoL . y
\Y4 - Bms @ @E Llals & e - ra
s tf-idf =¢?K Filter LLM judgement Q% ng .f Q@ @ . 1 E E L v v A A o o
4 A ? ool | A A . v
Graph-based  Filter (e.g.,  Lexical Sparse LLM-based  Vector Imvortances n S =
] traversal by timeframe, (string-based) retrieval retrieval  embedding- e als 16. O ion 17. O i 18. idate / 19. Sensiti 20. Infer higher- 21. Track memory 22. Reverttoa 23. Merge/split/
ranking (e.g., by score) search ranking (e.g., /selection based search and ion  and i info audit level knowledge history / diff specific version branch memory M S 5 2
DFS/BFS, BM25, tf-idf)  /reranking from user from environment memory (suggestand  (more than
PageRank) TopK Score apply) summary) from
existing memory °
and add it s °
Figure 1: Design space of Al memory systems and interfaces °
Legend ¥~ Yo 0,0  Workaroud oo+ b e, achcvable v L8l YT w— .

. Figure 1: Design space of Al memory systems and interfaces (continued)

51 =0~ Metaphors for Al memory

o) Metaphorical design study of Al memory
m, ratsu‘ € systems based on 3 dominant metaphors and
HKp----

O
(M

7 alternative metaphors.

21



First. Survey of Al memory systems to map their
design space and new design opportunities.
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TR systems cancan' view o y " " . - ... PR . .
(9) Retrieval justification method \EM»' ’f.,i]“ Set Episodc system supports canvas
. . i ernal memory
(f) Retrieval mechanisms 16-17. Memory generation 1o 0 1 ; i . . s v o . v
4 -20. Higher transformation  21-23. History / version control
- @513 from observation g vy Memory Contextwindow  List Unstructured Docament - - - User acts, Crat
:@a; BM25 {);@ % tat $@ Qﬂ — E\\{< \ Sandbux [35]  System proapl Seatence system supporls.
& e thidf SV Filter LLM judgement osb ‘Pié? & Q@ @ RYONT E E Claude Agent  External memory  Tree Semistructured  Docament User inputs,
Graph-based Lexical Sparse LiM-based  Vector W, o = s N Skills [4] Context window eystemn uses M
aversal by timeframe, (string-based) retrieval retrieval ‘embedding- IET] 16. Observation 17. Observation 18, Consolidate /19, Sensitive- 20, Infer higher- 21. Track memory 22. Reverttoa 23. Merge/split/ . - - . < oy : v -
ranking (e.g., byscore)  search ranking(e.g. Iselection  based search o0 Hzlsials and generation and generation  summarize  info leval knowiedge history /dif " specific version branch memory Claude Code  Externalmemory  Single file Semi-structured  Docament - - - User inputs, CLiand IDE
DFSIBFS, BM25, thidf)  / reranking from user from environment memory (more than Subagents 8] Syslem prompt system uses
PageRank) Top-K Score summary) from Context window
oxisting memory e e— P
and add it Note. Each entry lists the adopted options for a system; within a cell, earlier items indicate relatively higher importance. gy 7ol s e it s ek

Figure 1: Design space of Al memory systems and interfaces

Figure 1: Design space of Al memory systems and interfaces (continued)

... Gaps
Impllc_a’Flons . 1.Underappreciated coupling between architecture/structure and operation
1.Implicit versus explicit memory

3. Derived implications 2 tow shoud we scope and target memory subswares? 28 G708 PEDTERE SRER TETreS
3.Granularity and density of memory components

= N o . ) : 4.Accumulate-only lifecycle with no versioning
and Identlfled gapS 4.Representing relations among memories 5.Lack of selective access control

5.Choice of retrieval mechanisms .
6.Interdependence between architecture and operations 6.Lack of approval control over memory operations
' 7.Gray zone in NLP and HCI
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Second. Dominant and less-used metaphors to

Inspire Al memory designs.

1. Dominant metaphors

@D

Records, repositories,
and database systems

Neurobiology of
human cognition

Skills and tools

2. Less-used metaphors

&
Ro of%e BE

Software Personal
Version Zettelkasten Redquirements  Diary and
Control Record

55 %

Community Archive  Cultural Probes

5%

Science fiction
tales/games
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1. Charting a design space of Al memory



Survey and review of Al memory systems

urveyed architectures (14 systems) and operations (15 systems / 22 subsystems).
Snowball sampling across industrial and academic systems.

Prioritized depth over coverage.

Generative Agents: Interactive Simulacra of Human Behavior
, o o Al Memory at Scale
Joon Sung Park Joseph C. O’Brien Carrie J. Cai
AriGraph: Learning Knowledge Graph World Models with Episodic Memory for S‘i‘&f}iﬂf‘l‘ggﬁ"" S'“S“f:fn?f[ by e e ,ih( . Priyan Vaithilingam', Munycong 4Kimz, Frida-Cecilia /}costa-Parcytzcauz, Daniel Lee?, Amine
joonspk@stanford.edu jobrien3@stanford.edu cjcai@google.com Mhedhbi®, Elena L. Glassman', Ian Arawjo

Y o O o, O
I I SA

A Ariadne LLM Agent &

X

LLM Agents
'/ Petr Anokhin', Nikita Semenov?, Artyom Sorokin', Dmitry Evseev?, Andrey Meredith Ringel Morris Percy Liang Michael S. Bernstein rp— T —
) Kravchenko?! , Mikhail Burtsev’ and Evgeny Burnaev?' Google DeepMind Stanford University Stanford University their intent Qlobal Resaber ﬁmmmnﬁf&‘;m" BRI (ke
- Seattle, WA, USA Stanford, USA Stanford, USA = e B = o
merrie@google.com pliang@cs.stanford.edu msh@cs.stanford.edu m’;ﬂfm pre - e
! - s

¢ @
. PR §
@4
- Cloded revalutian
— statrgiesiusa con -
h—; '; ol steear et
]

[Abiqail) -
1 jain

P
i
Global conflict detection
and resolution options o s
e w
Loaal conflict
B VCLVW AL resolution options

——

[Cebe): Huy. bave you hward
anything cow about the
upconing mayoral election?

e

AriGraph Decision making

Sy
I
- ! E
Bir=r 3l
o ol

= [7em] : Be, ast reslly. Do you
G = i 4 = koow who Lg xuncing? .
\ J ey 49T S haE[E TS ] 5 P wx - Creating General User Models from Computer Use
T e AR RS | 1 222 B 000 senn, HRC $G Lo S
Omar Shaikh Shardul Sapkota Shan Rizvi
Stanford University Stanford University Independent
Stanford, USA Stanford, USA New York City, USA
Eric Horvitz Joon Sung Park Diyi Yang
. > Microsoft Research Stanford University Stanford University
Memory Sandbox: Trafnsparent and Interactive Memory Reitond Dok StuntEocd, TSA Seaathord USA
NvIr o Management for Conversational Agents
Environment 8 g Michael S. Bernstein
Ziheng Huang Sebastian Gutierrez Smsntfn:;.i [;1" E;:ny
z8huang@uesd.edu guts@temple.edu antord,
University of California—San Diego Temple University
San Diego, CA, USA Philadelphia, PA, USA ece
Memolet: Reifying the Reuse of User-Al Conversational Memories Hemanth Kamana Stephen MacNeil John & Emily
tuo73589@temple.edu stephen.macneil@temple.edu ece YOURE INVITED
Ryan Yen Jian Zhao Temple University Temple University o Re: Quals for Stanford
School of Computer Science School of Computer Science Philadelphia, PA, USA Philadelphia, PA, USA CHIGAGO, IL » JULY 2025 | University Ph.Ds
University of Waterloo University of Waterloo p— General User
Canada Canada Ty " T Model (GUM)
rdyen@uwaterloo.ca jianzhao@uwaterloo.ca
- Extract 2
§ N e o CR || U7, SRMESRSERETS |, eckegenawongdminsatontorgh s v
7 Is a Ph.D. student at
pap e wih Wb Srousing H wit U. an Stanford University 0 8}
web, gpt, real; -
search, time | > Proposition Confidence ]
L ] interpolation [N Sumimary sty momien 13<akon e et : : -
SRR T o : Poicueens sl gty bt " - . Doesn't own any 1.0 Likely going to friend’s 0.8 Needs to budget as a 0.6
I p p o e — ! o—— suitable formal wear L wedding in Chicago : Ph.D. student .
®

O Searching for suit rentals
| found a suit rental in Chicago for

ClaudeCode A g€ nt Skills S|
Subagents in the SDK

SPECSTORY & ChatGPT
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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: Architectural design choices across ATl memory systems

Syslem (a) Memory (b) Memory (c) Structuredness () Basic (¢) Node and  ([) Relrieval (8) Retrieval  (h) Main interaction (i) User interface gtirapa [44] “ep (6] ChatCGPT (6] Cleude Code (5] LangGiraph [4] e [66] Qe [$0] Clade Coie [5]
substrate relations / of each memory memory unit edge payload mechanisms justification attern Cenera Gesmral . Genera - Gearal
structure entr ‘ scale Ty 8¢ pay Jm ethod P Mem Lang  Hippo dtive  Ther Sewantic Memo Memory Spee Mem lang Hppp . GBS Use Semanlic Memo Memary  Spec
: Yy - GI1 Taw Mem  HAG Zep  Graph  A-MEM Mem0 AtiCrazh agenls  pocel Commit ket seadbox  SWIY  isirs Froject Work ULAUDE CET  Base  Mem  RAG /en Gagh AMEM Memo AnGoph agents  viadd  Commit ks Sandhox MOTY agbrae Toject Wark CTAIDE
Operetior. (63) Stere [45) [40] {cloud) iti (58] (18] [2) [65) [5) (53] 1) 3] 16] tior Memory files Chats space mé Chats Cperation 154] Stare [15) [10] {eloud) i (38] 18] [2) [65] 175] [83) [o1] 33) [1s] ton Memory fles Chatz erace md Chats
MemGPT[64) Context window Timeline Unstructured Document Timestamp Tmeframe Alter Filters User recuests, APL/Library, 1-6. Memory item 16-17. (system) Memory
System prompt Passage Lexical search Top-K svstem acts Inspector operation generation from
External memory Vector embedding panel+chat+list 1. Bdit authority “""_‘"l',‘”‘"““ .
\ § 16. Observalion an v - v - - v - - - v - v - -
. . . ) user edit memary v v v v v v v v - v - v v v - v v v v v v v °
LangGraph External memory Tree Structured Not fixed Category Lexical search Top-K User inputs, API/Library E:u;;:v e memany generation from user
: - 17. Observation and - - v v - - - - - - - -
(BaseStore) [44] Timestamp Filters system uses (b) svstem can ecit under - - - - - - - - - - - v - - - - v v - :
‘ S8 - veneralion [rom
user approval i .
HippoRAG [40] External memory Graph Structured Word Count Perscnalized PageRank Top-K User recuests, APY/Library © wim cant edit wilhoul ) v v v v ) v v i v v ” ) v ) v v ) enviromueal
Document Keyword systcm acts user approval 18-20. Iligher
. . X 2 Add it transformation
Zep/Graphiti [5¢] External memory .\/ﬂluln timeline  Structured ‘Vord Keyword '}/'ec.tc.r embedd:ing I"op—K User recuests, AP/ Library @ L,m_‘ m v < < < " " " < R ) R v ) ) ) v v v v v v v 1? C J(‘S'Jlidalc-_’
Graph Seatence Tmestamp Mz Filters system acts e v v e P, » L _ o o o
Lplbudt Grapi (BES/DFS) (v} systew withoul approval  « - 4 - - (¥4 - v v v v v A v - v - v v v \_pp:y.)svj-.ln With user
Timeframe filter 3 _Edi‘ item N (h) avatem without nscr v v v v
. . (a) user FAY - - - - L v g - - - v - v v - - - - - approval
A-MEM [88] External memary Graph Structured Sentence Keyward \{eﬁrjr emfledd'r\g Top-K User requests, API/Lihrary (b) system with approval - i . . . B B B R R R v R B R v v " " R 15, Sensitive-into andit
Graph (BFS/DFS) system acts (¢} system without approval A v s v v v v (suggest anc apply)
. . ; 4 Hide / sull-delele ilem (a) syslen: willt user - - - - - - - - - - - lo) (o] (o]
Mem0/ Exlernal memory Tineline Structured Ducument Keywurd Veclor emmbedding Top-K User requests, Table (a) user R ~ R R ; ) ) ) ) ; ) v v ) : ) ) :,pii:f v e
Mem0g (18] Graph Episode %Iv12§ N i system acts (b‘) systcm with approvel A (b) system without user R R v R R v v
Sentence Graph (RES/DFS) (¢} syster without approval - - - - - - - - - - - - - - - - ng;nimlk-,h Tevel
Word 3 it 20 Infer higher-leve
° .Hﬂ:d{lelete em lmowledge (more than
. . . . . () 1nser 4 4 4 4 v v v 4 v v v v v v v v v ) e .
AriGraph [2] Context window Timeline Structured Document Keyword Vector embedding Top-K Agent acts, Text game (b) system with approval i _ B i i . . . ) ) ; v ) . . . i . v - ) 5-“““'-3-'!’«’;0:‘;;@“—-"8
. ~ 1 . ¥ 1 . ’ - memory ar it
External memory Graph Episode Graph (BFS/DFS} user observes interface (e} syster withaut approval A ) - ) » v v v @ bym:u. witlh user ) ) ) ) B 3 ) ) v o o °
Sentence 6. Exporl/shere iewory approval
Word (partizl/full) (b) system without user v A v v - v v
(a) 180T v upproval
Generative Context window Multi tmeline  Structured Word Score Lexical scarch [Filters Agents interact, Sims-like (b} system with approval . - - - . . . . . . . . . . . . - -
Agents [65] System prompt Sentence Weights Score Filter LLM user observes observational (c) system without approval - - - - - - - - - - - - R - j‘:f;;il"lm' bbb
External memory Timestamp judgement intertace 7.5, Relations hetween 21. (syslem) Track memiory R R v v A A R R R R v R o o v
Scores memaries history S dill
22 " rto a
Top-K 7. Edit relations :-.:j(:“evnp :‘"‘e':ors toa
. " . (rddsdelrt to; singll speci =i
General User Workspace List Structured Sentence Timestamp BM25 Top-K System acts, APL/Library ;:r r:/nlw;ﬂ:/:g:;n:\ :)“E’ « (a) nser v o o] A
Model [75] External memory Timeline Episode Score LLM LLM system observes user (a) user B A - B v v v . ) . N v N N N N ) (b} system with approval . - - - - - - - - - o o .
v P (c) syslem wilhoul 3 - - - - - - - - - - -
Weights judgement (b) system with approvel ,,L: 5“)‘"1:: ":l:]':,:“":’l; 1:1"' “ ° °
. . . . N (¢} systen: withoul. : a - - - - - v v v - - v v - - - - - o
Semantic Workspace List Structurcd Word Keyword LLM LLM Usecr acts, Center list with : (i;,;:n.lwc 0:::;&? ;_:; _ R _ " " " v v v R R v v R R R R memary
Commit [83] External memory Graph Sentence Perscnalized PageRank judgement system supports search/inspect maintam & notwork of 5:2 ::juu wits approval ) ) ) ) ) ) ) ) ) ) ) g g
panels liont ot T e . : Conononn - = S o
Memolet 91] Context window Vector space Structured Document - Vectcr embedding Top-K User acts, Char and card-grid 9. Query / Rflﬁf‘:ﬂl . Legend « - Yes: - - No, O - Workaround {not a bwlt-1n feature: ach:eveble via LLM calls using the system’s supperted functions): /A - Partially yes (yes i principle, but limited mplementaticn)
Workspace Sct Episodc systcm supports canvas 9. Query / retrieve from the
External memory ’ : Fn.rmnvy stone A
a) user v v v v v v v v - v v v v v v v v v v v
Memory Context window List Unstructured Document - - User acts, Chat (b) system “fi?h approval - - - - - - - - - - - - - - - - - v v -
Sandbox [38] Syslem prompl Senlence syslem supporls (¢ systew withoul approval v - v v - v - v v v v v A - v v v v v v -
Claude Agent  Extcrnal memory Tree Semi-structured Document User inputs, 10-12. Dd“uu‘.'
. R 10. (system) Duplicate v A v v v v v o (o] I I
Skills [4] Context window svstem uses detection
Claude Code External memory Single file Semi-structured Document - - User inputs, CLIand IDE iclmglf,zrfg:e:l‘;f:;] ) ) ) ) v v ) ) ) ) ) ) ) ) ) a e e
Subagents 3] Syslem prompl syslem uses d:lcc'i:-»rd - | |
Context window 12, (syslem) Secantic - - v - v v - v v - - v - - - - - (o] o] -
o n 3 T — T T T T conflict/cantradiction
Note. Each entry lists the adopted options for a system; within a cell, earlier items indicate relatively higher importance. detection o
provenance
13. (svalean) Use memory in- « - v v - - - v v v - v v v - - v v
interaction
14. (syslem) Show A - - v - - - - A - - v v - - - v v
provensance/evidence ol
used memory I~ I} I}
15. Visibility & isolation | |
15. Visibility & isolation
vonlruls | J
(a) Uscr owns » systcm v
can/can't view
(b) syslem owns — user - - - - - - - - - - - - - - v -

Table 2: Operational design choices across Al memory systems

can/can’'t view
(c) system awms — ather
syslems can/van’l view

Table 2: Operational design choices across Al memory systems (continued)

- choices across Al memory
systems

Lepend: v = Yes; - = No; O = Workaround {uul a built-in lealure; achievable via LLM calls using Uie syslem’s supporled lunclivas) A = Parlially yes (yes in pringiple, bul liniled impleinenlalivz)
*Legacy Zop saft-delete weas removed in the enrrent release
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Design Space
of Al memory
systems and
Interfaces

We then developed a
design space based on
these design surveys.

Knowledge Base

+
) v=

I\

Knowledge Base

personal/group notes and memos,

docs/wiki/policies,

logs and traces,
observability data,
domain/world knowledge

Design space of
Al memory systems and interfaces

Purpose of Memory systems

Agent memory

24

Self-model
Instruction/role specification,
Policy/constraints,

Agent state,

Tools/skills

(a) memory substrate

You are a helpful...

# Instructions

%ﬁ
K

Implicit

memory

Context
| parametric window

3

()

0)
m

User model
user profile/preferences,
propositions from history,

population/audience priors

Architectural Design Space (Structural)

aa

Shared mental model
shared goals/plans,

common grounds,

intent specification,

shared domain/world knowledge

Workspace

BEo>
H2
Workspace

Workspace state/p
artifacts/outputs,

rogress log,

project instruction/directive,

project requirements/rationale,

temporary notes/artifacts

(b) Memory relations / structure

: Only output... t D @
e e
System  Workspace External
prompt  (working memory
repository)

(c) Structuredness of each memory entry

Lorem ipsum You are a
dolor sit amet, helpful...
consectetur # Instructions console.log(
adipiscing elit, * Only output... "Hello,
sed do eiusmod * Your World!");
tempor incididunt response...
ut labore ## Examples
Unstructured Semi-structured Structured
(Markdown/YAML
format, etc.)

Number

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

Count

0.123, 0.333, 0.557, 0.053

Score / weight

(1] [3]- [6]. [2,1], [8,7], [4.5.6]

Order
/ position index

2024-08-03 00:00 UTC+9

Timestamp

3

(e) Node and edge payload

Text

memory, human-Al interaction,
language model, design space,
Al agents

Keyword / tag

Semantic / Episodic / Procedural

Category

This paper surveys the design of
tools and interfaces around Al
memory to chart a design..

Description / rationale

69 refine wording and
refresh rendering

Log / diff / history

(f) Retrieval mechanisms

List Multiple Set Tree Graph Vector File
/ timeline lists space
[ timelines
(d) Basic memory unit scale
“embedding”:
ﬁ lg -Ef}i;r The Quick Brown fox, brown, quick,
-0.0048, Fox Jumps Over i d
0.0001, jump over, dog,
x —0.5\180] The Lazy Dog lazy
Not fixed Parameter Token Word
(in-weights) / morpheme ) °;
- Lorem ipsum dolor sit amet. phrase
- Consectgtur adipiscing elit. Lorem ipsum dolor sit
- Sed do eiusmod tempor amet, consectetur Q: How many cups of
mmdldunt. ut labore et dolore adipiscing elit, sed do coffee7did you drink
magna aliqua. - ‘ eiusmod tempor today? THESIS
- Ut enim ad minim veniam. incididunt ut labore et A: Five.
- Quis nostrud 9xerqtat10rj _ dolore magna aliqua. Ut O How manv hours did
ullamco laboris nisi ut aliquip enim ad minim veniam, o'u o eiterda ;
ex ea commodo consequat.  qis nostrud exercitation )l\ [Coner{aation er¥ds ]
Sentence ullamco laboris nisi ut ' '
/ list entry ig?\:f e:tea commodo Episode — Q&A pair, Document
/ idea unit quat query-response pair,
Passage event cycle,

BM25
ll tf-idf
Graph-based Filter (e.g., Lexical Sparse
traversal by timeframe, (string-based) retrieval
ranking (e.g., by score) search ranking (e.g.,
DFS/BFS, BM25, tf-idf)
PageRank)

— =, €

D
SPK

LLM-based
retrieval

| selection
I reranking

|/ paragraph
Bt
U2

Qlﬁl

O

conversation cycle,
etc.

5§ < 8B

Metaphors for memory:
Charting a Design Space of

Al Memory Tools and Interfaces

(g) Retrieval justification method

%

o R

Filter LLM judgement
Vector % Importance:
embedding- 11213415

based search

o0

Top-K

Figure 1: Design space of Al memory systems and interfaces
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Score

Architectural Design Space (Interface and Interaction)

(h) Main interaction pattern (i) User interface

y &)
OE]) [ﬁ] o%g @ O I:otz D
563 ﬁ_)

2
% 8@

User requests, User inputs, User acts, AP/ library cul Text editor /IDE ~ Chat
system acts system uses system supports
L%‘é? o @ﬁé = = a3
RS GeH N
— * ammm—
_—
_Q ﬁﬁ CEE——
System acts, Agent acts, Agents interact, . Search Simulation
system observes user  user observes user observes List/table UI | inspect panels c,:::‘;?;{ S{aph / gatmr?-like
interface

Operational Design Space

1-6. Memory item operation

] 749

7-8. Relations between memories 9. Query / Retrieval

% .

u

1. Edit authority 2-5. Item actions 6. Export/ 7. Edit relations 8. Construct and 9. Query / Retrieve
(a) User edit memory directly 2. Add item share memory Add relation maintain a network from the memory store
(b) System edit with approval 3. Edit item (partial/full).  Edit relation of relations over

Hide / soft-delete relations time
Hard-delete relations.

(c) System edit without approval 4. Hide / soft-delete item
5. Hard-delete item.

10-12. (System) Detection
13?2

Ban Ql

10. Duplicate detection 11. Temporal conflict/
contradiction detection

13-14. (System) Interaction / provenance

n; ? 1 -

13. Use memory in interaction 14. Show provenance /
evidence of used memory

O

137
ABQAa

12. Semantic conflict /
contradiction detection

.o -
.

(Rl K
(Rl K

S’

15. Visibility
& isolation controls

O\

Permission Controls (generalized from 1. Edit authority)

\/X
u

—)ﬁ

)
D)

v
OX

15. Visibility & isolation Approval mode (system) import/ System access/edit  Permission
controls (system) Needs user approval export permission scope configurability
(a) User owns -> system (system) No need for user approval No import or export, Selected item(s) Fixed

can/can't view (system) Needs other system approval Import but no export Current workspace Changeable

Selected locations

(system) No need for other system approval
Entire file system

(user) Needs system approval
(user) No need for system approval

Export but no import

(b) System owns -> user
Both import and export

can/can't view
(c) System owns -> other
systems can/can't view

16-17. Memory generation
from observation

0 3, — rN

20. Infer higher-

21-23. History / version control

BB O %

23. Merge/split/

18-20. Higher transformation

16. Observation 17. Observation 18. Consolidate / 19. Sensitive- 21. Track memory 22. Revert to a

and generation and generation summarize info audit level knowledge history / diff specific version branch memory
from user from environment memory (suggest and (more than
apply) summary) from

existing memory
and add it

Figure 1: Design space of Al memory systems and interfaces (continued)



Survey Implications and Identified Gaps

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

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
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One key takeaway

Interdependence among
architecture, operations, and resulting interactions

Without this alignment, memory systems may falil to support their
iIntended interactions.

29



One key takeaway

Interdependence between
architecture and operations, and final interaction

Case 1. When operations do not support intended interactions:

Interactions Recover and edit memory

Operations No versioning operations & hard edit only

Users permanently lose previous

Result memories when editing
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One key takeaway

Interdependence between
architecture and operations, and final interaction

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

Interaction ldentify conflicting directions within the team

Operations  Supports semantic conflict identification and
resolution

Architecture Single Markdown file with no
iInNformation on who wrote what

Result System cannot tell who said what
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One key takeaway

Interdependence between
architecture and operations, and final interaction

When either operations or architecture fail, the system cannot work
as intended.

Architecture Operations User interaction
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Gray Zone in NLP and HCI

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

NLP
Architecture Operations User interaction

Limited user-agent support for
ﬁ interactive memory manipulation

HCI
Architecture Operations User interaction

Performance degradation ' .

from architectural mismatch
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Long story short

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



2. Metaphors for memory



Dominant Metaphors for memory

We also found that the systems in our survey repeatedly drew on these
three metaphors.

D8 &F 58

DU Bgo 28R Bz

Records, Neurobiology of
repositories, and human cog%/’uon Skills and tools

database systems
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1. Memory as
Records, repositories, and database systems



database systems

Memory as Records, repositories, and

MemGPT explicitly draws inspiration from memory systems in

traditional operating systems.

-] Letta
o MemGPT

Abstract

Large language models (LLMs) have revolution-
1zed Al, but are constrained by limited context
windows, hindering their utility in tasks like ex-
tended conversations and document analysis. To
enable using context beyond limited context win-
dows, we propose virtual context management, a
technique drawing inspiration from hierarchical
memory systems in traditional operating systems
which provide the illusion of an extended vir-
tual memory via paging between physical mem-
ory and disk. Using this technique, we introduce

MemGPT (MemoryGPT), a system that intelli-
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Memory as Records, repositories, and
database systems

MemOQO and Memolet also draw on the notion of a “memo” In
how they frame their systems.

Memolet: Reifying the Reuse of User-Al Conversational Memories

Ryan Yen Jian Zhao

School of Computer Science School of Computer Science
University of Waterloo University of Waterloo
Canada Canada
% m m rdyen@uwaterloo.ca jilanzhao@uwaterloo.ca
28
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2. Memory as
Neurobiology of human cognition




Memory as Neurobiology of human cognition

This metaphor has a long history, tracing back to Alan Turing’s
question, “Can machines think?”

I - COMPUTING MACHINERY AND
INTELLIGENCE

By A. M. TurinG

1. The Imatatron Game.

I PrROPOSE to consider the question, ‘Can machines think ?°’
This should begin with definitions of the meaning of the terms
‘machine ’and ‘ think ’. The definitions might be framed so as to

41



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.

HippoRAG

HippoRAG: Neurobiologically Inspired
Long-Term Memory for Large Language Models

Offline Indexing

He

Qe

ax

H A

w
LB

ax

Current

RAG

©00 00 ©09 ©09

Online Retrieval

Which £} Stanford professor works on the

Answer:

Prof. Thomas

neuroscience of A Alzheimer's? J

©009 (009 ©09 (09

Bernal Jiménez Gutiérrez Yiheng Shu
The Ohio State University The Ohio State University
Yu Gu Michihiro Yasunaga Yu Su

The Ohio State University Stanford University The Ohio State University
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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.

% memO
d;* etlia o
HemOPT [ Let Give your Al a memory
Machines that learn and sereanaiiy

& zep Graphiti.
Memory that understands wsrecstory
when things change Al rules that learn your style



3. Memory as Skills and Tools




Memory as Skills and Tools

This metaphor frames stored memories as reusable skills or tools that
the agent can draw on for specific tasks.

Claude Code

kS A

Opus 4.6 - Claude Max

Introducing Agent SKkills G

Skills are folders of instructions, scripts, and resources that Claude loads dynamically

The Al identifies the best tool for the task,
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Metaphors both illuminate and hide

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

Reference: Metaphors for designers working with Al

Dave Murray-Rust®*, lohanna Nicenboim?, Dan Lockton®

°Delft University of Technology, The Netherlands
bEindhoven University of Technology, The Netherlands

*corresponding e-mail: d.s.murray-rust@tudelft.nl

doi.org/10.21606/drs.2022.667

Abstract: In this paper, we explore the use of metaphors for people working with arti-
ficial intelligence, in particular those that support designers in thinking about the cre-
ation of Al systems. Metaphors both illuminate and hide, simplifying and connecting
to existing knowledge, centring particular ideas, marginalising others, and shaping
fields of practice. The practices of machine learning and artificial intelligence draw
heavily on metaphors, whether black boxes, or the idea of learning and training, but
at the edges of the field, as design engages with computational practices, it is not al-



Imagining new metaphors

We here introduce seven Generative metaphor: A perspective on
less-used metaphors to problem-setting in social policy
‘connect previously DONALD A. SCHON
disassociated domains =R
to generate new ideas”. = | S

“[The ICTR] _is important for {he peop{e of THEATRE
Rwanda ...it shows that the international

community is interested in what happened =~ There is no culture that has not had a theatre
to them, interested in their welfare. in some form, for theatre is the art of people
It's symbolic in another sense that the acting out—and giving witness to—their most
intemationalsystem because of its pressing, most illuminating, and most inspiring
nature can’t yea"yprosecute eve'ybody' concerns. Theatre is at once a showcase and

so you have to concentrate on a few a forum, a medium through which a society
e - symbols of those offenses. ..Pick them displays its ideas, fashions, moralities, and

— out, make sure they are prosecuted. entertainments, and debates its conflicts, —

"{-’_

TR

o

¥
\ ;l'yi

o - » :
= : S And in that way, you can then send the R N e 3 ‘,.‘L
= - message to people of the same status who Theatre is above all, a living art form: an art P }1*
S Y are in other jurisdictions, a message of that continually forms before our eyes and is
o~ _"1 deterrence that accountability even at continuously present toan audience even as it
— i

S ;*;;.‘Q M h that level is possible. ” is presented by its actors.”
:- S 7': = - A ap or ar S : : — Hassan Jallow, ICTR Prosecutor Robert Cohen, Playwright
g . |

* '-._-nexanve Des gn Toolklt

- - — source: Mup.//Wwwiribunalvoices. org/voies/ video/an source: Cohen. 2013 Theater Ensef: Tenth Edition

- - . = o - p— -—— P R o - ~ S e g
i S - - . Ve = e e g e
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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 Iin proposing, discussing,
and defining canidate metaphors.

* |nterated refinement on metaphors themselves plus
their specific properties and implications to serve
clear and productive design inspiration to readers.



Imagining new metaphors

We here introduce seven less-used metaphors to
‘connect previously disassociated domains to generate new ideas”.

fo 8% BF ©

Personal Diary
and Record

ﬁg @E]IB @4%

Community Archive  Cultural Probes

Software
Version Control Zettelkasten Requirements

Science fiction
tales/games



Inspire new possibility from metaphors
These metaphors can be used as design tools alongside the three

dominant metaphors, giving us new ways to think about Al memory.

1. Dominant metaphors 2. Less-used metaphors

@ ) Records, repositories, 4
Ro ofh BE &

and database systems
Software Personal

Version Zettelkasten Redquirements  Diary and
Control Record

A‘E’ ©EA <7
Skills and tools ﬂ@ U:D 9 @ Q%

Community Archive  Cultural Probes
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Metaphors for Memory:
A real use case from my own work




E.g. Al Memory System for an Investment Team

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

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

AGIR
0 %

|dentify and help resolve n
disagreements between internal

and external perspectives
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E.g. Al Memory System for an Investment Team

| use the design space to think through its architecture, operations,
and interaction, and to identify what properties the memory system
needs for their workflow.

Properties ﬁ@ 3

&

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

ldentify and help resolve
disagreements between internal
and external perspectives

Architecture, Operations and Interaction

+ ## Examples

)
Purpose of
Memory system
= ?
137
DQD ABQAa @
2?2 2?2 U M
EQE .1 -OX

Operations
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You are a helpful
# Instructions

) Only output...
Your response..

tl:l
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Architecture
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Interface

[2[A

Interaction
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E.g. Al Memory System for an Investment Team
Metaphors help us imagine possible improvements for the system.

P (o)
ey - -
Properties 99 (€] Archlte_cture, Dominant and

Operations, Less-used Metaphors

multiple sources and build El= 2 0 I P
i QQ Ba ¥~

gpcffrc;urate, structured g}ﬁ - =Yae & o oty 22

5 SR — Records,

« Distinguish different levels Qfﬁﬁ = Q reposiories, and i ogion Skils and tools

of information to avoid Purpose of

overfitting to weak signals Memory Architecture Interface R &Y 8
or overlooking important ~ System @

ones D O DAD asdee B 3§2Yéﬁrecomm| Zettelkasten Requirements ang Regord
* |dentify and help resolve 24@@%?@@ 2 2 -

disagreements between == B - e =TT BEIE @‘g%

internal and external Interaction Operations —@ 0

perspectives Community Cultural fotion tales/

Archive Probes games
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E.g. Al Memory System for an Investment Team

1. Dominant metaphors

Bl=
DU

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

1. Dominant metaphors 2. Less-used metaphors

@% -ﬁﬁ'
A0: Y

Community Archive

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

1. Dominant metaphors 2. Less-used metaphors
 Transmission and re-access/
C ) ﬁa reconstruction
D _@ * Voluntary participation and production

Cross-referencing and knowledge

6 m Community Archive  networks
v

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

1. Dominant metaphors 2. Less-used metaphors

e Transmission and re-access/
& .
reconstruction

@ D ﬂ@ * \oluntary participation and production

* (Cross-referencing and knowledge

Community Archive  networks
o A
v

Shared grounding and interpretability

* Reducing redundancy and ambiguity
e i B
d F}[ . " | * Normative reference
alabase systems Requirements . Gonflict-free

Providing rationale
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E.g. Al Memory System for an Investment Team

D AE' There may be different requirements
11l and opinions within the team...

6 m Community Archive

Records, ' a

repositories, and
database systems

Requirements
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E.g. Al Memory System for an Investment Team

) AE' There may be different requirements
@ ||||@ and opinions within the team...

Community Archive What if we implement operations that
6 m help identify and resolve these

conflicts? With records.

Records, ) a

repositories, and

database systems Requirements
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E.g. Al Memory System for an Investment Team

) AE' There may be different requirements
o) ||||@ and opinions within the team. ..

Community Archive What if we implement operations that
6 m ’ help identify and resolve these

conflicts? With records.

v/

Records, S a To support this, each memory payload

aepogitories, and should include who created the record
atabase systems Requirements and what context it came from.
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E.g. Designing investment team agent

Communlty
Archive

Software
Version
Control

8

Personal
Diary and
Record

@‘Ea%
Science fiction
tales/games

Separate individual memory vaults
with a shared common space

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



@ Metaphors for memory:
E' Charting a Design Space of

Conclusion ’
6\@ Al Memory Tools and Interfaces




Applying this framework to your own cases

Systems Design Space Metaphors

%f B3

Design space of

AI mem Ory SyStems an d Interfaces Architectural Design Space (Interface and Interaction) V]
Purpose of Memory systems (h) Main interaction pattern (i) User interface
Knowledge Base Agent memory Workspace

. (. &g 0 oa_ [ 1
s o5 %l o8 O &8 >_ @
S o an o33 aK- NS Re T = ~ T 2 (=)

Knowledge Base Self-model User model Shared mental model Workspace User requests User inputs, User acts, " "
personalgroup notes and memos, i ' shared Workspace state/progress log, Sustom hasstss Sratemioas Svatem saports AP/ library cLl Text editor /IDE Chat
docs/wiki/policies, from history, common grounds, artifacts/outputs, Y Y Y PP y

logs and traces, Agent state, population/audience priors intent specification, project instruction/directive,
observability data, Tools/skills E project requi

domain/world knowledge temporary notes/artifacts D u u
Architectural Design Space (Structural) ‘%‘g @% pp— Q %@ re p O S |t0 rl eS y a n d
e}t & lwl ]

a) memory substrate (b) Memory relations / structure ) o~
System acts, Agent acts, Agents interact, List/table Ul  Search Canvas / graph Simulation
o« You are a helpful, system observes user  user observes user observes I'inspect panels [ spatial Ul I_ga'm:-llke
| nstructions interface
e QBB e =2, & 7 @] j i
® oo LY Operational Design Space
Implicit Context  System Workspace External  List Multiple  Set Tree  Graph  Vector File 1-6. Memory item operation 7-8. Relations between memories 9. Query / Retrieval
| parametric window prompt  (working memory I timeline  lists space
memory repository) | timelines T / o O @

(c) Structuredness of each memory entry (d) Basic memory unit scale @ /Q l_] §< b’ — M
;Z‘r:,";"(p:;g :ﬂl ft"‘e a ~embedding” s 1. Edit authority 2-5. Item actions 6. Export/ 7. Edit relations 8. Construct and 9. Query / Retrieve
consectetur gﬁ,fs.,.;cﬁons console.log( 10.0124, The Quick Brown fox, brown, quick, (a) User edit memory directly 2. Add item share memory Add relation maintain a network from the memory store
adipiscing elit, * Only output... "Hello, x Fox Jumps Over jump over, dog, (b) System edit with approval 3. Edit item (partial/full). Edit relation of relations over
sed do eiusmod * Your World!"); — lazy (c) System edit without approval 4. Hide / soft-delete item Hide / soft-delete relations time
tempor incididunt response. . 5. Hard-delete item. Hard-delete relations.

Neurobiology of

human cognition Skills and tools

consequat.

Al agents Ilist entry aliquip ex ea commodo  Episode — Q&A pair, Document 15, Visibili

0.123,0.333, 0.557, 0.053 Keyword / tag /idea unit query-response pair, . Visibi ity

Score / weight Passage event cycle, & isolation controls
Semantic / Episodic / Procedural

Permission Controls (generalized from 1. Edit authority)

ut labore ## Examples Not fixed Parameter Token Word
. s d (in-weights) / morpheme or . .
Unstructured Semi-structured  Structure - Lorem ipsum dolor st amet. I phrase 10-12. (System) Detection 13-14. (System) Interaction / provenance
(Markdown/YAML ~
format, etc.) - gZETf:.L"!ES&”QZCm'Ef & Lo'e‘"‘ peum [d Tk" st Q: How many cups of —_— 9 x% 9 xz 9 )Y
(¢) Node and edge payload T ey T ' 1o, K (3.0 ° |
magna aliqua. eiusmod tempor today? THESIS ama ama AB A @ 2 / eee I
~ Quis nosa oerstaton  ncdduntutlabore ot A P2 Lo NA L a MM
Number Text ullamco laboris isi ut aliquip copor g come: 2 U Q: How many hours did 13. U in interaction 14. Sh /
) P . . T | i y i X .
1,2,3,4,5,6,7,8,9,10 memory, human-Al interaction, ex ea commodo consequal. gy nostrud exercitation X‘“‘Cswep yes"""’ayd 10.D 1. poral conflict / 12. Semantic conflict / se memory in interaction 14, Show provenance
Count language model, design space, Sentence ullamco laboris nisi ut [Conversation ends.] contradiction d d evidence of used memory

1], [3]. [8). [2,1), [8,7), [4,5.6] Category

Order

I position index This paper surveys the design of
tools and interfaces around Al

memory to chart a design.

| paragraph giygversation cycle, \/ x D \/ @
B¢ ®\ o &s lil (=D

;'ﬁ l%@ 15. Visibility & isolation Ap;))vmnode (system) import/ gg:;eem access/edit Pegon S OﬁWa re P e rSO n a I D i a ry

Metaphors for memory: controls (system) Needs user approval export permission configurability

[ ]
> . (a) User owns -> system (system) No need for user approval No import or export, Selected item(s) Fixed
‘%g E Charting a Design Space of can/can't view (system) Needs other system approval Import but no export Current workspace Changeable u
. Al Memory Too Is and Interfaces (b) System owns -> user (system) No need for other system approval  Export but no import Selected locations
- can/can't view (user) Needs system approval Both import and export Entire file system

— (c) System owns -> other (user) No need for system approval

2024-08-03 00:00 UTC+9
Timestamp Description / rationale

refine wording and
refresh rendering

Log / diff/ history systems can/can't view
(g) Retrieval justification method i
16-17. Memory generation

(f) Retrieval mechanisms from observation 18-20. Higher transformation 21-23. History / version control C O nt ro I
N Qs

Q}—\ & v e % AR . 5 I B w = N I vt 9 %
174

:Eraph-blased :iltte_r (e'.g., Letx_icalb d Sp:a'rse | LL'T_-basled Vec':o;d_ % Importance: 16. Observation 17. Observation  18. Consolidate / 19. Sensitive- 20. Infer higher- 21. Track memory 22. Reverttoa 23. Merge/split/
rav;rsa by imeframe, (sf ""%’ ased) re rll(e_va ;’e :evs zm % Ing-h Em 112131415 and g i and g i ize info audit level knowledge history / diff specific version branch memory
rDa;s;ggs(e.g., ¥ score) searc ?ﬂzg‘%'(f&%" / ?:r:r‘:kli‘::‘g ased searc from user from environment memory (suggestand  (more than
H i apply) summary) from
m PageRank) Top-K Score existing memory
m and add it
m Figure 1: Design space of AI memory systems and interfaces \
r ‘ Figure 1: Design space of AI memory systems and interfaces (continued) w 8
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