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Last Lecture

-—/
\

ﬂv Let’s make agents stronger!
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9 End



Several Problems:



1 Context Management



Problem

Stateless

S

All historical messages are included in each LLM API call.



0 Start —

YES
\
6 Call tool
' I
7 Receive tool results
\/

8 Check loop
|

1 Receive prompt

v

2 Initialize

\

3 Prepare context

\

4 Call LLM

\

5 Stream Processing

l

Tool use?

Loop is token-consuming:

Read 10 files +
Run 3 runs of test +
Edit 5 times > 100k tokens

NO

9 End
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Key Statistics

* As of September 15, 2026, the largest LLM context window
tracked by BenchLM is 10M tokens, offered by Pokee Al's Pokee-

|saac 28B.

* 24% of the 386 Al models with published context windows tracked
by BenchLM offer 1M tokens or more as of September 15, 2026.

* The median context window across all Al models tracked by
BenchLM is 256K tokens as of September 15, 2026.

* A TM-token context window — offered by 93 models tracked by
BenchlLM as of September 15, 2026 — fits the full text of War &
Peace (roughly 750,000 tokens) with room left for an average

novel.

https://benchlm.ai/stats/context-windows



Google’s Gemini 1.5 can (almost) fit the entire
Harxry Potter + Loxd of the Ring series in its 2
million context window

HOMY Pal{ond
ey RRT

Claude 2.1 §
(July 2023)

GPT-4 Turbo NEmpNA &
(March 2023) “j‘.@! e

Too long context may fail

GPT-3.5 Turbo

(Mamely 2822, 3 https://www.dbreunig.com/2025/06/22/how-contexts-fail-
and-how-to-fix-them.html
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Explore the context window
A simulated session showing what enters context and what it costs

\Visualization

~@ tokens
/ 20eK - illustrative

8 System CLAUDE.md Memory Skills MCP ® Rules ® You ® Files Output Claude = Hooks

® = appears in your terminal

$ claude

p Start session

Hover or click any event

Hover to preview. Click to pin so you
can scroll.

KEY TAKEAWAY

A lot loads before you type anything.

CLAUDE.md, memory, skills, and MCP
tools are all in context before your first

Watch what loads into context, from the moment
yourun claude through a full conversation.

Ask a question...

* https://code.claude.com/docs/en/context-window

prompt.

IN YOUR TERMINAL YOU SEE

The input box, waiting for your first
message. Everything above loads silently
before you type anything.
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https://code.claude.com/docs/en/context-window

https://arxiv.org/pdf/2505.06120v1

‘ Lost in the Conversation?

Single-Turn

Fully-Specified LLMs get Lost in Conversation

'
Full 100 )
Single-turm I'm trying to implement X.
High Aptituae :[%
Jay Low Unreliability it [I'“T”“ mesm X3 J
for a - 2
} .[%. Mo | want [Regurement 1],
Plaase genarate X | s
can Usier nead [Reguiremsant 1], Reminis 2R
2 m [Reguirement 2], also 80 Framaie | Sure thing! ‘[%
[Reguiremsant 3]. % Angwer | def fumction{x)
. =S Alternpd .
will = ot | ...]
ba]l‘ Sure thing! t[%' B %
. Armmwer | def =alution{x, y) LLM << 70 Wed, | alzo nesd that
Anemgr [---1 [Requirement 3.
| —
' ey | CI, i that case: @
&0 - ' "_:: def fumction(x, ¥}
I [
. & One mioee thing, can you
a0 ) \ ]5?:':' inchude [Requirement 2]7
(+112%)
10 20 a0 40 g0 =~ i Absolutely, here it is: Eﬁ’
B o Bloated | gef function(y, x)
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Historical messages

LOSt in the Conversaticn? need to be concise.

WWRULER: What's the Real Context Size of Your
Long-Context Language Models?

Cheng-Ping Hsieh*, Simeng Sun®*, Samuel Kriman, Shantanu Acharya
Dima Rekesh, Fei Jia, Yang Zhang, Boris Ginsburg

NVIDIA
{chsieh,simengs}@nvidia.com

long-context LMs with 13 representative tasks in RULER. Despite achieving
nearly perfect accuracy in the vanilla NIAH test, almost all models ex-
hibit large performance drops as the context length increases. While these
models all claim context sizes of 32K tokens or greater, only half of them

https://arxiv.org/pdf/2404.06654
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Design Principle

PromptCache
Context length

/

How to reduce context length with minimal cache miss?
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Prompt Cache
Reuse cache

1 User: error handling 1 User: error handling

2 Assistant: missing args

Prefix matching

LLM call 1 LLM call 2

PROMPT CACHE: MODULAR ATTENTION REUSEFOR LOW-LATENCY INFERENCE
https://arxiv.org/pdf/2311.04934

15



Prompt Cache
Reuse cache

1 User: error handling 1 User: error handling 1 User: error handling

\ \

2 Assistant: missing args 2 Assistant: missing args

3 User: edit code

Prefix matching

LLM call 1 LLM call 2 LLM call 3

PROMPT CACHE: MODULAR ATTENTION REUSEFOR LOW-LATENCY INFERENCE
https://arxiv.org/pdf/2311.04934 16



Prompt Cache

1M INPUT TOKENS (CACHE HIT) $0.0028
PRICING TM INPUT TOKENS (CACHE MISS) $0.14
1M OUTPUT TOKENS $0.28

DeepSeek V4 Flash API price:
https://api-docs.deepseek.com/quick_start/pricing

> 50X cheaper!

Also lower latency

17



System Prompt Before User Prompt

* System prompts are typically fixed
* Increase prompt cache hit possibility

{
"system”: "You are a helpful coding assistant."”,
|l_typell: lluser\ll,
"message": {
"role": "user",

"content"”: "Add error handling in the file @main.py"

}s

18



Design Principle

PromptCache
Context length

/

How to reduce context length with minimal cache miss?

19



5 Strategies

of =k

Cut Compress




1: Tool Result Budget contextwindow

* Set length threshold for tool
result

* Write into temp files
o /tmp/XXX

* Keep preview
e “Saved to /tmp/xxx, 80k in total”

N

Tool result

21



1: Tool Result Budget contextwindow

* Set length threshold for tool
result

* Write into temp files
o /tmp/XXX

* Keep preview
e “Saved to /tmp/xxx, 80k in total”

Tool result

* Read again if needed

22



2 Tool Count Budget

e Set count threshold for tool results
* Remove old tool call results

Read, Bash, Grep, Glob

Read tools:
Keep 5 recent results

Canredo

Edit, Write

Write tools:
Keep all results

Can NOT redo

23



Replace Old Read Tool Results

[Old tool result
content cleared]




3: Conversation Round Budget contextwindow

Round 61- Current
. 70 Conversation
* Around = An assistant message +
all tool call and results Round 51-
* You may explore wrong directions in =
old rounds
Round 36-
* Remove old rounds 50
Round 21-
35

Round 1-20

25



3: Conversation Round Budget comtextwindow

Round 61- Current
. 70 Conversation
* Around = An assistant message +
all tool call and results Round 51
* You may explore wrong directions in =
old rounds ,
Round 36-
* Remove old rounds ____ 50
~ Round 21-
35

Round 1-20

26



3: Conversation Round Budget

* Around = An assistant message +
all tool call and results

* You may explore wrong directions in
old rounds

e Remove old rounds

Round 61-

70

Round 51-

60

Context window

Current
Conversation

27



5 Strategies

.
og =l
Cut Compress




4: Auto COmpaCt Context window

Messages

* Trigger condition

* After cutting, the context still
occupies 83% content windows

* Action
* Call LLMs to summarize messages

29



4: Auto Compact

* Trigger condition

* After cutting, the context still
occupies 83% content windows

e Action

* Call LLMs to summarize messages

Checklist:

1.

2.
3.
4.

Recent modified files
Agent status

Plan

Used tools

Context window

Messages

30



4: Auto Compact

—\_. %00
T
B .

T < > e
Agent [Client] LLM [Server]

Compression happens at both agent and LLMs.

31



Context window

5: Context Collapse

* After all strategies, the window is still
almost full?

* Save everything into disk

32



5: Context Collapse Contextwindow

* After all strategies, the window is still
almost full?

* Save everything into disk

e Restart the session

33



Content Management

* Solid and practical engineering methods in industry

o &l

Cut Compress

34



Content Management

How would you design a content manager?



Short-term VS Long-term Memory

* Context management is short-term memory.

nnnnn r°o°‘
RAM =
JUUUU f\:i/f

short-term memory Long-term memory




Problem

Project .



2 Retrieve Augmented Generation



We Already Have it

* We already tools to read and write files for long-term memory.
* But let’s talk about some advanced technology.

Write

- [user description] lWI’ite

- [feedback/preference]

- [project status]
- [reference doc] m

Static memory
Dynmaic memory -




Vector Database

-0
O
o O o
o 9O
Information

Vector

i -

Database

40



ID

Example

Text chunk

For boolean checking functions, use the prefix "has_
followed by the object and property.

Each file has most 30 functions.

Folder depth at most 5 layers.

Embedding Vector
(Simplified)

[0.12, 0.87, 0.34, 0.66]
[0.72,0.21,0.91, 0.15]

[0.31, 0.45, 0.88, 0.20]

41



ID

Exa m p l.e Query: Add a function to check status.

Vector: [0.15, 0.82, 0.38, 0.61]

Top-1 similarity: 0.96

Embedding Vector

Text chunk (Simplified)

For boolean checking functions, use the prefix "has_

12, 0.87, 0.34, 0.
followed by the object and property. 1122, 057, B8, U616

Each file has most 30 functions. [0.72,0.21, 0.91, 0.15]

Folder depth at most 5 layers. [0.31, 0.45, 0.88, 0.20]

42



Example

Vector DB

!0 Ol
=\ =
Add a function to check status. =%

Al

LLM

|

Add a function to check status.
For boolean checking
functions, use the prefix "has_

43



Resolve conflict and
repeated memory.

Database

fetch summary & past messages update memories

Yy

fetch similar memories

Extraction Phase Update Phase
MESSEIQES ..
Summary Top ‘s’ similar
8 9 memaories
Last m messages
LLM
New extracted
memories
MemO

https://arxiv.org/pdf/2504.19413 44



Challenges

* 1. Similarity != Relevance.

Does this code has bugs?

Similar vectors

Bug reports should store in test/ folder. 0
Run all tests before commit. 9

A common bug is due to unchecked inputs. o

45



Challenges

* 1. Similarity != Relevance.
* 2. Maintain difficulty.

o
q

N ™ @ £
¢ M P
"?N.) I n eCO n e Qdrant Vector Database

Multiple vendors, embedding configuration, chunk size,
Index update, conflict merge...

46



Challenges

* 1. Similarity != Relevance.
* 2. Maintain difficulty.
* 3. Unreadable.

s

~
0.18 -0.42 0.77 -0.31 0.05
-0.11 0.36 -0.92 0.48 - =0.21
0.63 -0.27 0.15 -0.66 0.34
-0.08 0.71 -0.33 0.19 -..- -0.04
0.22 -0:19 O8] -0.58 0.12
-0.37 0.14 -0.76 0.29 - =-0.18

47



Practice Time



Beyond Memory

o o

=F 55}

Memory Security Policy
4

Project 40



MEMORY.md
[user description] V‘%
[ feedback/preference] \.

[project status]

[reference doc]

! ) Vector Database

No absolute answer yet



What is a Good Memory Design?



Structural Info May Be Helpful

Trajectory Workflow Summary
Task Goal Task Summary
Whole Trajectory Workflow (reusable action sequence) [ Experience Summary )

Stepl: <code> Is -al </code> || Observation

Step2: <code> grep </code> || Observation

kStep24: <code> DONE </code>

\.

Stepd: <code>...important edits .. </code>
Step6: <code>...crucial steps...</code>

Step9: <code>...</code>

(environment, actions, and details explanation)J
.

Insight

Title

Description (in one sentence)

Content (general, task-agnostic insights)

https://memorytransfer.github.io/

52



e Raw conversation

Three sessions of LOCOMO conv-30, twelve days apart — the unstructured input the agent receives.
[

SESSION 1 - 20 January, 2023

Gina: Hey Jon! Good to see you. What's up? Anything new?

Jon: Lost my job as a banker yesterday, so I'm gonna take
a shot at starting my own business.

Gina: Sorry about your job Jon! Unfortunately, I also lost
my job at Door Dash this month.

Jon: I'm starting a dance studio 'cause I'm passionate
about dancing and it'd be great to share it.

SESSION 2 - 29 January, 2023
Jon: On the hunt for the ideal spot for my dance studio...
I even found a place with great natural light!

SESSION 3 - 1 February, 2023
Gina: I emailed some wholesalers and one said yes today!
Now I can expand my clothing store.

https://01.me/research/user-as-code/




1

An LLM extracts every fact as a flat string and appends it — never overwriting. Relative dates are resolved against the session timestamp: “lost my job yesterday” -» 2023-01-19.

(MemO keeps the literal “yesterday” and answers the date wrong.)

on
on
on
on
on
on

Phase 1- Memorize
@
facts = [
"[session_1, 4:04 pm
"[session_1, 4:04 pm
"[session_1, 4:84 pm
"[session_1, 4:04 pm
"[session_2, 2:32 pm
"[session_2, 2:32 pm
]

20
20
20
20
29
29

January,
January,
January,
January,
January,
January,

2023
2023
2023
2023
2023
2023

e b b e hd e

Jon lost his job on January 19, 2023.",

Jon's former job was as a banker.",

Gina lost her job in January 2023.",

Jon is starting a dance studio.",

The studio location Jon found is in a downtown area.",
Jon believes that good flooring is crucial for a dance

https://01.me/research/user-as-code/

studio.",




2 Phase 2 - Structure

An LLM regenerates the entire typed Python from the full fact list — dates become date () objects, repeated entities become typed lists, leftovers go to notes. This jon object is
what the next pipeline queries.

@dataclass

class Person:
name: str
passions: list[str] = field(default_factory=1list)
skills: list[str] = field(default_factory=list)
jobs: list["JobHistory"] = field(default_factory=list)
notes: list[str] = field(default_factory=list)

jon = Person(
name="Jon",
passions=["Dancing (Contemporary, Hip-hop)", "Sharing dance with others"],
skills=["Choreography", "Contemporary dance", "Hip-hop"],
)
jon.jobs.append(JobHistory(title="Banker", date_ended=date(2023, 1, 19),
notes=["Lost job on Jan 19, 2023"]))

jon_studio = Business(
name="Jon's Dance Studio", owner="Jon", industry="Dance Studio",
status="Establishing / Searching for location",
location_description="Downtown area (potential), ideally by the water",
features=["Marley flooring (planned for grip/durability)", "Natural light"],

https://01.me/research/user-as-code/




NONNnN

RAM

uuuuy

short-term
memory

Long-term
memory
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Problem: Context Pollution

Add a function to calculate the
discount price for premium users.
Generate code + tests.

def discount price(price, is_premium):

return price * 0.8
def test discount(): ‘!’

assert discount price(100, True) == 80

Passed testing with incomplete test cases.

57



3 Subagents



Problem: Context Pollution

Add a function to calculate the
discount price for premium users.

Generate code + tests.
def discount _price(price, is_premium):

[°u2] S
return price * 0.8

Al

Generate the code to
calculate discount price.

llo

def test discount():
assert discount price(100, True)==80

!9u2| 3
assert discount price(100, False)==100

Al

Generate the test for
discount calculation.

v

99



Three Advantages of Subagents

 Context isolation
* |solated context window, tools, and so on.

!0 Ol
= v =
Al

60



Three Advantages of Subagents

* Context isolation
* |solated context window, tools, and so
on.
* Specialization
 UX designer expert
* Security expert

61



Three Advantages of Subagents

e Contextisolation

* |solated context window, tools, and so
on.

* Specialization
 UX designer expert
* Security expert

 Parallelization

62



Predefined Subagent

name: code-reviewer

description: Reviews code for guality and best practices
tools: Read, Glob, Grep

model: sonnet

You are a code reviewer. When invoked, analyze the code and provide
specific, actionable feedback on quality, security, and best practices.

Use markdown files.

https://code.claude.com/docs/en/sub-agents



Subagents

RAG

64



Next Problem in Next Lecture

CONTEXT
———000

Contextis vr\m

managed.

Predefined tools
are restricted.

65



B &3 k2GR

) ‘:_ The Chinese University of Hong Kong, Shenzhen

Questions

Next class: MCP & Skills
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