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95–97%
Gmail extracts bookings and receipts
this precisely.

Google measuring itself · CIDR 2020

0.86 → 0.67
A commitment detector loses this much on
another company's mail.

AUC · WSDM 2019

13.5–16%
LLMs get questions about durations right
this rarely.

2024 models · Test of Time

33.5%
The best AI agent completes only this
share of email tasks.

Preprint · EmailBench 2026

6.4%
of one popular memory benchmark's answer
key is wrong.

Competitor's audit · LoCoMo

20+ points
Separate scores for one memory product,
depending on who tests.

Vendors · Zep, Mem0

9.3 / 10
EchoLeak: one email made Microsoft 365
Copilot leak data.

CVSS · CVE-2025-32711

0
public benchmarks track a promise from
“I will” to “done”.

Searches for this report

12 of 19
sub-problems behind “who owes
what to whom” are still open.

3 solved 4 maturing 12 open

Figure 1. The field in numbers. Source: the table below links every number to its source; the pictogram counts the leaves

of the problem tree in the solved, maturing and open section.
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Solved Maturing Open Finding or principle

Theory

Messages are actions (speech acts)

A request binds only after uptake

Understanding must be confirmed

A debtor owes a creditor

Readers track time, place, cause

Groups remember who knows what

How people
cope

The inbox doubles as a to-do list

Filing does not speed up refinding

Promises live in sent mail

People resist labelling acts

Threading

Header threading works

Quote removal adds 11.5 points

Chat untangling reaches F1 45–61

Nobody links topics across threads

Acts, time,
contracts

Explicit requests reach F1 ~0.8

Detectors break on a new company

Action items lose owner and date

LLMs get durations 13.5–16% right

Clause extraction is junior-level

Knowledge
and memory

Bi-temporal storage is solved

Entity merging works on exact keys

Graphs help only on multi-hop

Memory benchmarks disagree by 20+

Industry

Gmail extracts bookings at 95–97%

Meeting recaps are a commodity

Microsoft paused commitment emails

Apple paused news summaries

Risks

One email can hijack an assistant

Planted false memories persist

Erasing derived data is unresolved

Workplace monitoring meets the law

How to
build it

Keep an immutable message log

Store each claim with its source

Invalidate old facts; never delete

Make every merge reversible

Let people contest what is claimed

World
models from
conversations

Figure 17. Mind map of the report. Source: the sections of this report; each leaf repeats a finding cited there.
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24 named problem domains

5 solved 9 maturing 10 open

Structure

Email threading

Solved

Zoning, inclusive
emails
Solved

Templated
extraction
Solved

Chat
disentanglement
Maturing

Acts and
obligations

Reply suggestion

Solved

Request detection

Maturing

Meeting summaries

Maturing

Indirect, hedged
requests
Open

Commitment
lifecycle
Open

Meeting action
items, decisions
Open

Time, events,
contracts

Dialogue state
tracking
Maturing

Dialogue
relations
Maturing

Formal contract
clauses
Maturing

Relative time,
durations
Open

Obligations in
informal talk
Open

Knowledge
and memory

Bi-temporal storage,
provenance
Solved

LLM graph
extraction
Maturing

Entity
resolution
Maturing

Agent memory
stores
Maturing

Cross-thread
topic linking
Open

Reasoning over
memory
Open

Trust and
evaluation

Injection
robustness
Open

Erasure of
derived data
Open

Trustworthy
benchmarks
Open

Figure 13. The problem domains and their status. Source: the table below. A domain is "open" when no method or

benchmark shows it working on real conversations.
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19 sub-problems behind one goal

3 solved 4 maturing 12 open

GOAL

Know who owes
what to whom,
by when, and
whether it was
done

1 Find the
conversation

2 Recognise
the act

3 Fill in the
commitment

4 Track
its life

5 Keep the model
consistent

6 Make it safe
and provable

Rebuild email threads from headers
Solved · Legal-review tools do this as standard

Strip quotes, signatures; inclusive emails
Solved · Quote removal adds 11.5 points

Untangle chat without reply links
Maturing · The best systems reach cluster F1 of 45–61

Explicit requests and promises
Maturing · Detectors reach F1 0.78–0.81 within one corpus

Indirect, hedged, conditional requests
Open · Even human annotators disagree on these

Work on a new organisation's mail
Open · AUC falls from 0.86 to 0.67 on another firm's mail

What: the task itself
Maturing · Explicit items work; nobody publishes an F1

Who: the right owner
Open · Garbled names cut correct responses from 94% to 68%

When: “next Friday” from the send time
Open · LLMs get durations right only 13.5–16% of the time

Was it accepted?
Open · Acceptance is rarely written, and nobody measures it

Delegated, renegotiated or moved?
Open · No system or benchmark handles this

Was it done?
Open · People rarely write down that a task is done

Store history and provenance
Solved · Bi-temporal tables and event logs do this

Same person across addresses
Maturing · It works when an email address matches exactly

Reason over dependencies and absence
Open · Six memory systems score 3% and 1%

Link one topic across threads
Open · No benchmark measures it

Resist instructions hidden in email
Open · EchoLeak showed one email is enough

Erase derived facts on request
Open · Only 2026 preprints address it

Prove accuracy on real mail
Open · No public commitment benchmark exists

Figure 14. The problem tree behind "who owes what". Source: synthesis of this report; each leaf's evidence is cited in

the sections above.
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Schema-first
Define the types, then extract into them

EXAMPLES

Palantir Ontology · Gmail templated extraction ·
MultiWOZ slots · Symboleo contracts

STRENGTHS

+ Precise, consistent types
+ Easy to query, check and audit
+ Proven at scale on templated mail

WEAKNESSES

− Misses whatever the schema does not name
− New types need modelling work
− Brittle on entities it has not seen

RESULTS

• Gmail ML extraction: 95–97% precision
• Dialogue state: fixing labels adds 7–10% accuracy
• Unseen entities cut that accuracy by 29%

Schema-free
Let the model propose entities and relations

EXAMPLES

OpenIE · KGGen · GraphRAG · LightRAG

STRENGTHS

+ No upfront modelling
+ Captures the long tail
+ Helps multi-hop and summary questions

WEAKNESSES

− Inconsistent types and relations
− Duplicate or wrongly merged entities
− High token cost per query

RESULTS

• Fact capture: KGGen 66%, GraphRAG 48%, OpenIE 30%
(author-run)

• Same method, different model: 44% to 73%
• Reasoning 53.4 vs plain RAG 42.9; lookups tie
• Up to ~100K prompt tokens per query (LightRAG)
• Mem0 removed graph memory from its open-source SDK

A hybrid · this report's synthesis

A schema for the core (people, commitments, events, time); open extraction for the long tail,
promoted into the schema once a type keeps recurring; every claim keeps its source.

Open questions · no answers found

How should a schema grow from open extractions? What are real duplicate and merge-error rates on
conversations? Does a graph still win against million-token context? Who approves a new type?

Figure 6. Two schools of graph construction. Sources: survey arXiv 2510.20345, KGGen, GraphRAG-Bench, Qian et al.,

CIDR 2020, Mem0 docs. The hybrid is this report's synthesis.

https://arxiv.org/pdf/2510.20345
https://arxiv.org/html/2502.09956v2
https://arxiv.org/html/2506.05690v3
https://ai.meta.com/research/publications/annotation-inconsistency-and-entity-bias-in-multiwoz/
https://www.vldb.org/cidrdb/papers/2020/p31-sheng-cidr20.pdf
https://docs.mem0.ai/migration/oss-v2-to-v3
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Problem How people cope How machines try Known failure mode

Keeping promises Rely on memory and flags;
promises live in sent mail

Detect commitments in sent
mail (Cortana, 2017)

Accuracy drops on another
company's mail (AUC 0.86 →
0.67); Microsoft paused the
Briefing email in 2023

Reading indirect
requests

Infer intent from politeness,
hedges and context

Classifiers and LLMs label
the intent of each message

Hedged and conditional
requests split even human
annotators (kappa ~0.68)

Knowing it was
accepted

Grounding: look for evidence
the other side understood

Treat each detected request
as a task

Uptake is rarely written
down, and no benchmark
measures it

Anchoring time Read “next Friday” against
when it was said

LLMs resolve dates from the
text

LLMs get durations right
only 13.5–16% of the time;
no benchmark uses message
timestamps

Finding things
again

Scroll and search; heavy
folder users do no better

Thread, search and auto-sort
mail into bundles (Inbox)

Automatic sorting took
control away from users;
Inbox closed in 2019

Knowing who knows
what

Transactive memory: ask the
right person

Infer roles and experts from
who writes to whom

Hierarchy inference was
tested on one company
(Enron) only

Summarising Write meeting notes and recap
emails

LLMs write recaps and
notification summaries

Apple's summaries produced
false headlines and were
paused; GPT-4 Turbo spotted
hallucinations with only 72%
accuracy

Labelling the
conversation

Leave acts implicit; people
resisted declaring them (The
Coordinator)

Infer acts automatically It feels like surveillance
(Suchman's critique, the
Productivity Score backlash)

Figure 4. How people cope, how machines try, and how they fail. Source: the sections of this report on human practice,

machine pipelines and industry; every entry is cited there.
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yes: headers no: email no: chat

known new

Raw messages
Email, chat and meeting
messages arrive.

Normalise and dedupe
Zoning splits new text from
quotes.

Reply headers present?
It checks Message-ID,
References, reply IDs.

Link from headers
The jwz algorithm builds the
reply tree.

Match email by content
Subject, people, time and
quotes are scored.

Untangle chat
A model links each message to
its parent.

Threads
Reply trees and clusters hold
the messages.

Segment topics
Each thread is split where its
topic shifts.

Known matter?
Tracking compares it with
known topics.

Attach to topic
The segment joins an existing
story.

Open new story
First story detection decides
this once.

Topic and story map
Revisable clusters link back
to messages.

Solved Maturing Open Input Process Decision Output

Figure 8. Threading as a workflow. Source: the stage table above; each stage's colour follows the maturity evidence cited

in its row.
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Email · Chat · Topics · Products (lanes, left to right)

Invented Shipped or standard Benchmark Best result so far Critique or disproven

1980s

1982·08 STANDARD RFC 822 defines Message-ID, In-Reply-To and References loosely

1987 STANDARD RFC 1036 makes References the list of a Usenet post's ancestors
1990s

1994 INVENTED Hearst introduces TextTiling to cut text at dips in word overlap

1997 INVENTED Zawinski documents the header threading algorithm used in Netscape

1997 INVENTED Lewis and Knowles thread email by matching text, not headers

1998 BENCHMARK NIST runs TDT2, the first open evaluation of news topic tracking

1998 BENCHMARK CMU finds on-line event detection scores 42% F1 against 82% offline

1998·12 CRITIQUE Palme shows mail clients build different threads from one mailbox
2000s

2000 CRITIQUE Allan, Lavrenko and Jin publish 'First Story Detection in TDT is Hard'

2002 CRITIQUE Pevzner and Hearst show Pk is biased and propose WindowDiff

2003 INVENTED Galley et al. introduce LCSeg to segment meeting transcripts

2003 INVENTED Aoki et al. build a tool that clusters speakers into conversations

2004 INVENTED Nallapati et al. thread events inside a news topic into a graph

2004·04 SHIPPED Gmail launches and groups mail into conversations

2006 INVENTED Shen et al. define thread detection with single-pass clustering

2008·03 INVENTED Erera and Carmel (IBM) detect conversations by weighted similarity

2008·06 BENCHMARK Elsner and Charniak release the first public annotated IRC corpus

2008·06 STANDARD RFC 5256 makes jwz-style threading an IMAP server standard

2008·10 STANDARD RFC 5322 replaces RFC 2822 and defines how replies cite parents

2009·06 BEST SO FAR Wang and Oard expand messages with context and gain 24% F
2010s

2010 SHIPPED Outlook 2010 adds a Conversation object across folders

2010 INVENTED Joty et al. segment email topics along the reply graph

2013 BENCHMARK Jamison and Gurevych build the Enron Threads Corpus of 70,178 threads

2013 CRITIQUE Fournier shows Pk and WindowDiff both favour few boundaries

2015·01 SHIPPED Microsoft buys Equivio, an eDiscovery email-threading vendor

2015·06 BENCHMARK Lowe et al. build 930,000 Ubuntu dialogues with a name heuristic

2016·06 SHIPPED WhatsApp adds quoted replies to its chats

2017·01 SHIPPED Slack launches threaded replies in channels

2017·03 SHIPPED Microsoft Teams launches as 'threaded, persistent chat'

2018·10 BENCHMARK Kummerfeld et al. release 77,563 reply-annotated IRC messages

2019·07 DISPROVEN Kummerfeld et al. show only ~10% of Ubuntu heuristic dialogues are exact
2020s

2020·10 BEST SO FAR Yu and Joty's pointer network disentangles chat online (cluster F1 44.5)

2021·07 SHIPPED Discord launches Threads for its servers

2022·03 INVENTED Grootendorst releases BERTopic: embed, cluster, name topics

2022·03 BEST SO FAR Ma et al.'s structural model reaches cluster F1 51.7

2023·06 CRITIQUE Li et al. find zero-shot GPT-3.5 gets reply-link F1 0.10

2025·12 CRITIQUE 'When F1 Fails' ties segmentation score gaps to label granularity

2026·01 BEST SO FAR Takada and Mori's LLM method reaches cluster F1 61.3 in one run

2026·05 CRITIQUE Pal et al. find fine-tuned GPT-4o Mini trails structural models

Figure 12. Timeline of threading research and products. Source: the three threading notes; every dated event carries its

source in the figure's data file, figures/threading_spec.json.


