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Background

Research meetings are longitudinal and cumulative. Decisions and directions evolve across weeks.

Current Al systems often treat meetings as isolated text blocks, leading to significant challenges in maintaining
a coherent research narrative.

Challenges in Long-Term Meeting Support:

A~ 0] -

Evolving Research Topics Outdated vs. Current Directions Source Traceability

Research ideas and TODOs Old directions may be updated or Need to trace the origin and rationale
evolve non-linearly across the abandoned, requiring version behind specific design decisions.

research lifecycle. control for thoughts.



Why Simple Baselines Are Not Enough

Approach

Recent Chat Context

Flat RAG

Full Transcript

What it does

Keeps only recent conversation turns

Retrieves similar transcript chunks

Places all available transcripts into the
prompt

Limitation

Forgets earlier decisions and rationale

Misses topic evolution and latest research state

Costly, noisy, context-window limited, and hard to
inspect



Comparison of Structured Memory Systems

Type Examples Core Idea Gap for Research Meetings
. MemO, . . . . .

Fact / Salient Memory Store salient memories for recall. Weak in evidence and rationale.
MemoryBank

Note-based Memory A-Mem 'rl]'léi(r;;nteractlons into linked Links may be hard to verify.

Graph-based Memory ng / Graphiti, Modgl entities and temporal Relgt]ons may miss research
HippoRAG relations. decisions.

. . H-Mem, . . Not focused on evidence
Hierarchical Memory MemGPT Organize memory by hierarchy. tracking,
Evidence-first Ours Anchor memory in original Targets traceable decisions and

Memory

evidence.

evolution.




Key Hypotheses

Traceable Evidence

Improves answer grounding and reliability.
Core Vision

Long-term research

memory should be 2
reusable, inspectable,

and correctable.

Topic-State Memory
Improves long-term reasoning.

Inspectable Retrieval
Increases human trust and controllability.



How One Query Retrieves Layered Memory

RETRIEVAL TRACE RESULT

What this one query retrieves

The query first finds source-grounded L1 evidence, then
uses those seeds to pull the relevant L2 evolution and L3

topic family.
TEASER QUERY L1 EVIDENCE SEEDS L2 TOPIC EVOLUTION PARENT L3 TOPIC FAMILY
Why did we split 0422 / 0429 / 0506 idea-unit generation methods transcript segmentation
transcrlpts into o422 L1-0422-006 BTEEE [H] (turn)E idea-unit generation methgds evolved from 2023— and idea-unit coverage
segments and shECIEReAnTEa(EE, ERK 03-25 L1-0325-033: FEXRAEIREFIER, BE R Navigation context: shows this rationale
idea units? gggsggﬁ’f*mﬁ EERRAEHCIRONE, Rh—RasiEUER belongs to a broader transcript
A atioralsalestion about units] . ﬁ—f!Eli;f:‘, REE IEEE ;ﬁjﬁiﬂﬂfﬁﬁﬁ;i to 2026-05-06 segmentation / idea-unit coverage family.
- lth # RGEEREEGNIR L1-0506-012: EA}&;5¥5;§.uE’JE;ﬁT (toF—ciown)
GILEVOLIDNS F, WiRREWMBEIEES BISERERME (segment -> idea unit) RER, RBH FIXED VS DYNAMIC CHUNKING
&, BTERESEE: TriE (bottom-up) BIFZ (idea unit -> theme)
FUM LLM HJERERE... ATREEATE, WINDOW AND BOUNDARY SELECTION
0420 11-0420-122 BERETH=BEFH— 1SELECTED EVENT 19 OMITTED TOOL-CALLING TRANSCRIPT READING
IRIERAUAIRBLETTIOEE

MEoEsE. FERET
XREBX, BUASEM®
9 JSON EiHig=t, Ettis
TR IRRIBAIRES.

0506 L1-0506-001 EIRRHEL T HAIRINAREE
RABELEMT (top-
down) BY%2#8: “Context
Planner” {§BIEAMYED

(40 80 17) 348
‘Segment Agent’, EE1§
HiSA ‘segments™ (8
BEZAOERIEE...




Memory Construction

- L1
Meeting \L\Illndow Segment + Evidence Verification IT;ng:able 321'_-2-_Leve'
Transcript SRS Idea Units Extraction & Repair ol i e IO
7 Grace I t st. Iong_ l group discussion decisions. schema check, I yaldated I
ranscripts into - ) - source- .
research manageable and form atomic actions, dedup, evidence grounded L3 Families
mactings windows eYents proposals, Kepaly evidence objects WS I
findings, issues
\. /J \ J J y J \ J \\ J
145k c.hars 448 L1 32 L2-level topics 3 !_3 -
Grace transcript text immutable source-grounded 13 remaining base L2 + 19 child L2 :-ozptlg;iacn:hes from promoted large

~98k estimated tokens

evidence objects




Retrieval Flow

(_( Memory Retrieval Agent H

Query Analyzer
no LLM planner by default

\4

Evidence-First L1 Search

B ) find source-grounded L1 seeds before topic
summaries
User QA > v
Query Agent
L2 + L3 Expansion
J bring matched topic state, sibling context, and
family navigation
Formatted Layered Context
L1 evidence + L2 evolution + L3 navigation
\ _/
L1Evidence Seeds L2 Topic Evolution L3 Topic Navigation
.SPEC'ffC source-groupded memory Ob.’e‘:ts’ Current state, rationale, and timeline slices from Topic-family context for sibling expansion and
including content, evidence, meeting id, and z 2 .
matched durable topics. corpus-level orientation.

score.




Dataset & Evaluation Questions

Dataset What it contains Why we use it

7 real senior-project meetings(~80K words), Main testbed for long-term memory,
448 L1 objects, 32 L2 level topics, 3L3 decision evolution, and cross-meeting
groups(promoted from 12) QA

Our Research Meeting
Corpus

31regular group meetings of research
ICSI Meeting Corpus groups at ICSI, ~72 hours of audio,
transcripts, metadata, speaker info

External test for generalization beyond
project-specific data

Evaluation Questions

ICSI Corpus:13 held-out source-constrained QA

Our Corpus: 14 audited QA questions questions



Evaluation Setup

Goal: Evaluate whether traceable hierarchical memory improves long-term research meeting QA compared with
retrieval and memory baselines.

Evaluation Questions Types Compared Methods

e Recent/current active state Structured Memory: Ours (L1+L.2+L3)

) ) MemO : Salient inferred memory baseline
e Topic synthesis

. H-Mem : Hierarchical note-style memory
e Cross-meetingrecall

o ) Flat RAG: Retrieve transcript chunks directly
e Decisionreasoning

A-Mem: Atomic note-based memory



LLM-as-a-Judge Evaluation

Evaluation Framework: Each answer is evaluated with 4 common metrics and 1 question-type-specific metric to ensure
quality and specificity.

1. Common Metrics (Base Quality) 2. Question-Type-Specific Metric

Metric What It Checks Question Type Metric (Tests)

Factuality Consistent with source meeting facts Evidence Lookup Context Specificity

Facet Coverage Covers key factual facets expected Corpus Process Context Specificity
Hallucination Avoids unsupported decisions/rationale Temporal Evolution Explain changes/evolution
Grounding Supported by meeting evidence Knowledge Update Final Score/Decisions rationale

Final Quality Score = (0.7 x Mean of Base Quality) + (0.3 x Type-Specific Metric)



Dataset 1 - Performance Comparison

Overall Results: Structured Memory Performs Best. Our traceable hierarchical memory achieves the highest overall answer
guality and the best acceptable-answer rate among all compared methods.

Method Avg. Quality Score Yes Rate Avg. Context Tokens

Method Avg. Quality Score Yes Rate Avg. Context Tokens
Structured Memory 4.709 92.9% 9,360
MemO Inferred 4.624 85.7% 7,717
H-Mem Note 4.420 64.3% 5,690
Flat RAG 4.051 57.1% 10,868

A-Mem 3.426 35.7% 11,526



Category Breakdown: Where Structured Memory Helps

Structured Memory Helps Most for Long-Term Reasoning: Structured Memory is especially effective when the question
requires tracking topic evolution, decision rationale, and evidence across meetings.

Question Type Structured Memory Best Baseline Interpretation

Clear advantage in evolution

Topic synthesis 4.883/100% 4.367/66.7% .

summaries
Decision reasoning 4.910/100% 4,910/ 100% Matches best; stronger traceability
Recent context 4767/ 100% 4.940/ 100% Handled well by short-term

memory

Cross-meeting recall 3.760/50% 4.525/100% Weakness in timeline coverage



Dataset 2 - Performance Comparison

Overall Results: Structured Memory performs best on ICSI, achieving higher quality and reliability than RAG while using

fewer context tokens.

Method

Structured Memory

MemO Inferred

Flat RAG

A-Mem

Method Avg. Quality Score Yes Rate Avg. Context Tokens

Avg. Quality Score Yes Rate Avg. Context Tokens
4.718 69.2% 7.5K
3.591 0% 3.7K
3.704 15.4% 11.9K
3.295 0% 9.4K



Category Breakdown: Where Structured Memory Helps

Structured Memory Helps Most for Long-Term Reasoning: Structured Memory outperforms the best baseline on all ICSI
question types, with the largest gains in topic synthesis and decision reasoning. Its weakest area is still cross-meeting
recall, which suggests future work on improving temporal coverage.

Question Type Structured Memory Best Baseline Interpretation

Strongest advantage in topic

Topic synthesis 5.000/ 100% 3.795/0% . .
evolution summaries
Higher quality, but acceptable
Decision reasoning 4.780/50% 3.700/0% rate drops under stricter
judging
Recent context 4.653/66.7% 3.997 /0% Still better than baselines, but

not always fully acceptable

Best quality, but
Cross-meeting recall 4.635/66.7% 3.988/33.3% timeline/evidence coverage
remains weak



Memory Observatory makes retrieval inspectable

Memory Observatory

Retrieval Trace

1 Visibility of Logic
Current state +why ~ Why segment /idea units? ~ Manager-agent evolution g
Retrieval Trace . .
B transcript segmentation / idea-unit Ef§IFAIRAERHE? AHHERMZAHEBEHER? Hybrid L1 seed search (lexical + semantic when available) v ShOWS query’ rOUter deC|S|On, L 1 Seeds’

Memory Explorer

L2 expansion, and context.

noLLM planner [EUQNEVEEEEGEERIET

Experiment Lab

8L1,0L2,1childL2 2 Sidecar Feedback

Allows inspection and correction
without rewriting raw L1 evidence.

Router / Memory Layers

ON ON

3 Auditable Evidence
Short-Term Memory Turns retrieval from a black box into an
U B oL S bETOTE o7 T P e e auditable chain of evidence.

mory Retrieval ===

ing id: 0506



Memory Observatory

Retrieval Trace
Overview
Demo queries  Current state + why Why segment / idea units? Manager-agent evolution

Retrieval Trace

B Al transcript segmentation / idea-unit S{&4RAUIRAER M ? AT EEMZ A1 B EEFKRET ? Hybrid L1 seed search (lexical + semantic when available) v
Memory Explorer

Planner model heuristic planner show debug panel no LLM planner LNV R GV (R T
Topic Observatory

Retrieval mode controls only the first L1 seed search. L2 / child-L2 / L3 expansion is always layered. Hybrid fuses lexical hits with semantic hits when an
Importance Review embedding client is available, and falls back to lexical when offline.

Heuristic planner: no model call

Experiment Lab
Query / Plan

811,0L2,1childL2

L1 search: hybrid (lexical + semantic when available) L2/L3 expansion: layered Heuristic planner: no model call recall/gate model: gemini-2.5-pro  budget profile: observatory_trace

prompt budget: pass omitted events: 19
Router [ Memory Layers
Long-term memory

ON

evidence + topic context

strategy long_term_only
reason Memory Observatory is configured to use long-term memory only.
confidence 1

L1 Evidence Seeds

L1-0506-001
0506 | approach_change | score 0.6998




Memory Observatory

Overview

Retrieval Trace

Memory Explorer

Topic Observatory

Importance Review

Experiment Lab

Meetings

0307
2026-03-07 | 39 objects

6 high importance

Share Memory Explorer

L1 Objects

all types ~ linked/unlinked v min ir

0318
2026-03-18 | 25 objects

1 high importance

0325
2026-03-25 | 93 objects

16 high importance

0408
2026-04-08 | 56 objects

4 high importance

0422
2026-04-22 | 47 objects

11 high importance

0429
2026-04-29 | 142 objects

26 hiah importance

L1-0307-001
approach_change | imp 0.72

RRIRAT —FEETHS > IR—ECRABERERBNIAEE
(BI0=R) ARKRBRR » ZIREREHMIE -

11 linked

L1-0307-002
approach_change | imp 0.71

HECRE  SHHRREANRFEZBRLCHE (speaker diarization)
e S REERERAE BN REST - FRIFARWhisperX BB EE
HEENIAR -

11 linked

L1-0307-003
open_issue | imp 0.66

ERSFNRNFEE DM (speaker diarization) B—IHEANE - BAY
EEHNEMNREEE (20 Zoom) KA - BRIEF WhisperX Btk

ERENTR > SUERRPAIAEREMCLESHR -

11 linked

L1-0307-004
open_issue | imp 0.61

RARRGETHS (B0 - MR—EREE=REHAARRETRAUMER)

Ak IO £ B TR AS TTAF SR AR ML 1 oS Tnim S

Object Detail

L1-0307-001

approach_change 0307 importance 0.72

RFIRAT —EETHS  AR—ECRREERERROENREE

(BIAN="RR) ARWBRIE » ZIREAGHMIR -

Evidence

[SPEAKER_01]: .£—R7E 16 1518 meeting AUACEXEBE B AT
EMEE—BAT - MiBAT - TR EIRERHMNZ meeting ID » F
MARAT o MIEMEZEZRER » BRI meeting IRER 16 » EFEMRBER
17 ; BEEMEHRZ 16 - EARMRERENRA =R » FRASER
16 2% - MR BBIEEMEMR BREIBIE - [SPEAKER_O01]: 2IRE
BEE=RAMR BRI R - EEZHAFIEEHIE -

Topic Links

[ L3 FAMILY L3-memory-lifecycle

[ SOURCE L2 memory lifecycle
ASSIGNED importance, activation, and recency
CHILD L2

confidence 0.82
related_topic_seed

» Tarhnical INe



Memory Observatory

Topic Observatory
Overview . . . . . . . . . . i .
The tree shows L3 topic families and their child L2 topics. Click an L2 node to inspect its state, timeline, linked L1 evidence, and

) importance feedback controls.
Retrieval Trace

Memory Explorer L2/L3 Topic Tree filter topics Overall Memory System Evaluation o GHE @5
L2-overall-memory-system-evaluation
Topic Observatory L3 memory evaluation strategy
L3-memory-evaluation-strategy | 3 child L2 | 34 L1 event_count size_bucket parent_|3 linked_I1
Importance Review 12 ideal memory 12
L2 Overall Memory System Evaluation 12 evaluation
Experiment Lab L2-overall-memory-system-evaluation strategy

Overall Memory System Evaluation: latest state from 2026-
04-29 L1-0429-063 is B ER TR » 1§ETHRAR
(ablation study) % SEEEGOVEE » BIEE
{3 RAG ~ {E{EM4ES

Current State

L2 Memory Mechanism Evaluation & Metrics 10
L2-memory-mechanism-evaluation-metrics Overall Memory System Evaluation: latest state from 2026-04-29 L1-0429-063 is B ERE
Memory Mechanism Evaluation & Momcs latest state from GRS - S EITHRIMR (ablation study) RIEE TR A M S AR ELOVEE - BIFEER

2026-04-29 L1-0429-040 is @
& FFX (long context); #IESR
BREGE - UEASEEMET...

RAG ~ B EHACIEAE - MREER RN - EFRAARRFMGT - TFCBA8 (working
memory) 1§45 A% o Earlier evidence began with ZEFH&HRUAREE T » Temporal Reasoning
WEBRRHETERANEE R REBBELABOET -

L2 Evaluation Datasets & Ground Truth 12
L2-evaluation-datasets-ground-truth
Evaluation Datasets & Ground Truth: latest state from
2026-04-29 L1-0429-043 is §H& /5 AR HER—1E LLM R
L%t agent 4 RRAY 2 (ground truth) » AfBA
LEESTERS - 2R

Assignment Criteria

evaluation plan ablation baseline system evaluation rag-only short-term-only
long-term-only gold mapping gold mapping table gold event unanswerable
L3 mernory I'fecyde false-premise false premise experiment lab comparison page

L3-memory-lifecycle | 4 child L2 | 28 L1

L2 memory retention and forgetting 7
L2-memory-retention-and-forgetting Topic Timeline




Memory Observatory L2 memory retention and forgetting 7

L2-memory-retention-and-forgetting TOpiC Timeline

memory retention and forgetting: latest state from 2026-

Overview 04-22 1L1-0422-047 is 121t MIEMIET (selective
forgetting) A% » A A

REM (NEEHREE

O 0318|L1-0318-008

Retrieval Trace

TEAMERIARAE T » (Temporal Reasoning) #ER AT 15 E BHSHE R REMBEN AL

BIFEFS -
Memory Explorer

O 0318|L1-0318-019

Topic Observatory

R TR AL AR ERIGRAMAN TAM(EEE (human angle)) » FREEHESEE
Importance Review FAERLERMANEE > MIHEINERREE - RSB EEENRERARRE TEsk
B -

Experiment Lab
O 0325]|L1-0325-011

BEERMRELE MGL-28, (mentor-mentee) K151E » 1B ICSI BRERNMRSE
(research meetings) HMXRALIESMN - % MEM-28) WIERRZ—ERRREEN
THENEIE ) (selling scenario) » T3FA B RIAIRAVBRARPRE! -

O 0325]|L1-0325-016
BER—EFESE - MR AS IR EEARIEN TARER) (personality
drift) °

O 0325]|L1-0325-027

EBRH T — S Al ARENSE » BMEERRANEHRIZINEBE - BN EE
BRUME—EHE - BAIRGHERERRZES THAR > WRE—EREN TAEER,
FHMESE ¢ MRAR S ENBE RS agent HERMRBRETRAAER - AT - SHMEHE
B RERAEHERE

O 0325]|L1-0325-069

TERME Al D BRNERMR  RBETRARREANB I - AERBESTAIRIER

O 0325]|L1-0325-084




Contribution

e Proposed a traceable hierarchical memory system for long-term research
meetings.

e Built memory with L1 evidence, short-term active state, and L2/L3 topic
structure.

e Designed an evidence-first retrieval flow for grounded and inspectable QA.

e Developed Memory Observatory to visualize retrieval traces and support
correction.

e Showed better QA quality than RAG and other memory baselines.



Future Work

e Scale evaluation with more meetings, questions, and human validation.

e Improve temporal evolution tracking for latest research direction changes.
e Enhance retrieval ranking to reduce missing-evidence cases.

e Support more interactive human-Al memory inspection and correction.

e Study long-term cost and maintenance as meeting data grows.



Thank You



