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Why context is crucial?



Inference



Inference

Training data / parameters

Long-term knowledge compressed
into weights



Inference

Prompt + retrieved docs + chat history

Current contextwindow



Inference

Next token prediction

What the model can attend to right now
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The context window is the LLM’s working memory
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Everything outside the window is invisible until retrieved, summarized, or reintroduced



Why can’t we just put everything there?



Attention



Attention
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Attention Is All You Need
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Longer context increases:
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Prompt engineering
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Prompt engineering
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Santiago Valdarrama @ - Following
Computer scientist and writer. | teach hard-core Machine Learning at ...
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| still remember when people thought “prompt engineering” was going to
become a real career.



Context engineering



Context engineering

[ Select J—» [ Structure }—» [Compress}—» [ Route }

Engineering the information payload at inference time



Context is a contract

instructions history retrieval tools user ask slack

A context budget says what can enter, in what form, and why.



Context is king

grounding, correctness
tokens, latency
instructions, boundaries

continuity, personalization
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What causes context issues?



Context rot



Context rot
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Rot happens when memory, summaries, or retrieved docs are outdated but still trusted



Context confusion



% . Context confusion

@.@

System: User: Memory: Docs:
Be concise Explain deeply Prefer code No code

Confusion happens when there is conflicting guidance without priority



Context pollution



Context pollution

The opposite of hallucination is not dumping everything but giving the right evidence



Many more challenges



Tool output overflow

Search tool
' 100 chunks >

[ Weak answer }

Tool output needs schemas, budgets, and post-processing.



Lost in the middle effect

Lost in the Middle: How Language Models Use Long Contexts
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Abstract

While recent language models have the abil-
ity to take long contexts as input, relatively
little is known about how well they use
longer context. We analyze the performance
of language models on two tasks that require

ng relevant information in their in-
put contexts: multi-document question an-
swering and key-value retri We find that

tion, indi

do not ly make use of information in
long input contexts. In particular, we observe
that performance is often highest when rele-
vant information occurs at the beginning
end of the input cont

degrades when models must access relevant
information in the middle of long contexts,
even for explicitly long-context models. Our
analysis provides a better understanding of
how language models use their input context
and provides new evaluation protocols for
future long-context language models.

1 Introduction

Language models have become an important and
flexible building block in a variety of user-facing
language technologies, including conversational
interfaces, search and summarization, and collabo-
rative writing (Shuster et al., 2022; Thoppilan et al.,
2022; Lee et al., 2022, inter alia). These models
perform downstream tasks primarily via prompting:
all relevant task specification and data to pr

formatted as a textual input context, and the model
returns a generated text completion. These input
contexts can contain thousands of tokens, espe-
cially when language models are used to process
long documents (e.g., legal or scientific documents,
conversation histories, etc.) or when language mod-
els are augmented with external information (e.g.,

ially completed as an intern at Samaya

20 Total Retrieved Documents (~4K tokens)
75 3

Accuracy
[+)]
w

1st 5th 10th 15th 20th
Position of Document with the Answer

#— gpt-3.5-turbo-0613
== gpt-3.5-turbo-0613 (closed-book)

Figure 1: Changing the location of relevant information
(in this case, the position of the passage that answers an
input question) within the language model’s input con-
text results in a U-shaped performance curve—models
are better at using relevant information that occurs at the
very beginning (primacy bias) or end of its input context
(recency bias), and performance degrades significantly
when models must a and use information located
in the middle of its input context.

relevant documents from a search engine, database
query results, etc; Petroni et al., 2020; Ram et al.,
2023; Shi et al., 2023; Mallen et al., 2023; Schick
et al., 2023, inter alia).

Handling these use-cases requires language mod-
els to successfully operate over long sequences. Ex-
isting language models are generally implemented
with Transformers (Vaswani et a 17), which re-
quire memory and compute that increases quadrat-

lly in sequence length. As a result, Trans-
former language models were often trained with
relatively
2048 tokens). Recent improvements in hardware
(e.g., faster GPUs with more memory) and algo-
rithms (Dai et al., 2019; Dao et al., 2022; Poli et al.,
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. chrishutchinson update README
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src

worker
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.nvmrc

.prettierignore

.prettierrc

CLAUDE.md

LICENSE

README.md

full-thermal-receipt.jpeg

package-lock.json
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package json
[ screenshot,jpeg
[ thermal-receipt.jpeg

[ tsconfig.json

[1 README  &[8 MIT license

Claude Receipts

A note from the author:

Q Go to file T Add file ~

ad92d3d - 3 months ago

Initial commit

v1.1.0: thermal printing, accurate session costs, and session m...

Worker for public sharing, Ul improvements

Initial commit

Initial commit

Initial commit

Initial commit

Worker for public sharing, Ul improvements

Initial commit

update README

update images

v1.1.0: thermal printing, accurate session costs, and session m...

v1.1.0: thermal printing, accurate session costs, and session m...

docs: add screenshot to README

update images

Initial commit

This has been one of my favourite creative side projects yet (and just in time for Opus 4.6).
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How to mitigate context issues?
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Raw docs
120k tokens
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Compaction

4

Rank + filter -
8k tokens i

Evidence pack
2k tokens

Compaction is about loss-aware selection



Explore the context window

A simulated session showing what enters context and what it costs

~7 .8K tokens
/ 200K - illustrative

@ System ® CLAUDE.md & Memory = Skills

@ = appears in your terminal

BEFORE YOU TYPE ANYTHING

® auto System prompt

® auvto Auto memory (MEMORY.md)
® auto Environment info

® auto MCP tools (deferred)

® auto Skill descriptions

[ ]

avte ~/.claude/CLAUDE.md
avto Project CLAUDE.md

YOU TYPE IN YOUR TERMINAL

= MCP ® Rules

+4.2K

+680

+280

+120

+450

+320

+1.8K

= You = Files

) Fix the auth bug where users get 481

aftter token refreshj

= Output = Claude ® Hooks

@

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
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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Summarization

Running ., Next
summary

[ Conversation 1—» [ Event log }—» [

Summarize facts, decisions, open questions, and constraints separately.



Specialization
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[ Researcher J
[ Planner } [ Critic 1 — [ Finalizer 1
[ Coder }

Specialization reduces context by narrowing the contract




Skills

] ] (e e e e

Modular context



Build up your Al skills

00 claude-code — skills
$ claude skills list --installed --categorized

What is a skill?
¢ Claude Code Skill

On-demand instruction sets stored as SKILL.md files. Zero context cost
until triggered. Like VS Code extensions, but for your AI coding agent.
path: ~/.claude/skills/<name>/SKILL.md

invoke: /skill-name

Development Workflow
test-driven-development
systematic-debugging
get-shit-done
subagent-driven-development
dispatching-parallel-agents
Code Quality & Security
static-analysis
variant-analysis
differential-review
skill-security-auditor

Testing & Verification
webapp-testing
verification-before-completion

Architecture & Design
mcp-builder
frontend-design
shadcn/ui
web-artifacts-builder

DevOps & Git
ci-cd-pipeline-builder
github-ops
using-git-worktrees

Meta
skill-creator
writing-plans + executing-plans

— Repos

RED-GREEN-REFACTOR enforcement
Four-phase root cause analysis
Spec-driven dev loop + context mgmt
Two-stage code review

Concurrent subagent workflows

CodeQL + Semgrep + SARIF

Find similar bugs across codebase
Security-focused PR review

Scan skills before installing

Playwright end-to-end browser tests
Confirms fixes actually work

Step-by-step MCP server creation
Bold UI/UX, React + Tailwind
Component pattern enforcement
Full interactive prototypes

Detects stack, generates pipeline
PR/issue mgmt without switching ctx
Isolated parallel dev branches

Build your own skills interactively
Structured impl w/ checkpoints

[anthropics] github.com/anthropics/skills
[superpowers] github.com/obra/superpowers
[trailofbits] github.com/trailofbits/skills
[alirezarezvani] github.com/alirezarezvani/claude-skills
[daymade] github.com/daymade/claude-code-skills
[gsd] github.com/gsd-build/get-shit-done
[shadcn] ui.shadcn.com/docs/skills







The context router
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The context router

Context
assembler



caveman

why use many token when few do trick
s « Skills «

@ Caveman Ecosystem - caveman talk /ess o are here) © Cavemem remember more avekit build better

de Code skill/plugin and Codex plugin that makes agent talk like caveman — cutting ~75% of output tokens
while keeping full technical accuracy. Now with XX 5 X mode, terse commits, one-line code reviews, and a
Y sion tool that cuts ~46% of input tokens every session

Based on the viral observation that caveman-speak dramatically reduces LLM token usage without losing technical
substance. So we made it a one-line install

Before | After

@ Normal Claude (69 tokens)

& Caveman Claude (19 tokens)

@& Caveman Claude

code-review-graph

Stop burning tokens. Start reviewing smarter.
ish | W& | ¢ t |

b 232 ] sowrionss 198k] stors 111 | cerse I ) t_tming ] ovnon 310+ ] v

| coding tools re-read your entire codebase on every task. code-review-graph fixes that. It builds a structural
1ap of your code with Tree-sitter, tracks changes incrementally, and gives your Al assistant precise context via
1CP so it reads only what matters.

The Token Problem st Sace

Your Al is getting dumber and you can't see it.

Save tokens. Survive compaction. Measure the proof.
Most token tools only touch one slice of the problem.

They compress command output, which covers 15-25% of your context on a good day. The other 75-85% (bloated
configs, unused skills, duplicate system prompts, stale memory, plus the 60-70% you lose on every compaction)
goes untouched.

Token Optimizer covers all of it, keeps your work alive across compactions, measures whether the optimization
actually helped, and gives you a live dashboard that shows every token, every dollar, and every turn, auto-updated
after every session. Runs fully local. Zero context tokens used. Zero runtime dependencies.

Works on Claude Code and OpenClaw today. Windsurf, Cursor, and more on the way.

Claude Code

) python3 measure.py quick

6.%% Pewer Tokens * higher review aqual



Takeaways



Treat context like
production memory




Beware of the silent killers

Rot } [ Confusion J [ Pollution J

cause: stale cause: conflicting cause: irrelevant

cure: invalidate cure: prioritize cure: filter



Context engineering is more engineering!



cesarsotovalero.net
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