EFFECTIVE CONTEXT ENGINEERING

The Discipline of Building Production-Grade Al Agents: A Technical Handbook
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CONTEXT ENGINEERING DEFINITION:

The art and scilence of curating what
will go into the 1limited context
window from that constantly evolving
universe of possible information.

— Anthropic

General Agents Build Custom Agents.
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THE PHYSICS OF VALUE: WHY CONTEXT SUPERSEDES PROMPTS

Token Budget Asymmetry
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Guiding Principle

The Goal: Find the smallest set of
high-signal tokens that maximize the
likelihood of a desired outcome.

The Value Gap

The difference between a $50/mo generic
agent and a $5,000/mo custom agent is
the context engineering discipline.

Pull Quote:

If you optimize prompts while
ighoring context, you are polishing
the doorknob while the house is on
fire. , ’

The Insight: Reliability is a function of consistent context.
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DIAGNOSING CONTEXT ROT: THE FOUR TYPES OF DEGRADATION

Al doesn’t get dumber over time; its context gets corrupted.

1. POISONING.

QOutdated info persists.

Symptom: References
decisions reversed
40 messages ago.

2. DISTRACTION.

Irrelevant content
dilutes attention.

Symptom: Tangents
consume budget

needed for constraints.

3. CONFUSION.

Similar concepts
conflate.

Symptom: Mixing up
two similar documents
Or processes.

4. CLASH.
Contradictory

instructions compete.

Symptom: Early
instructions conflict
with later ones.

Context Window Capacity

T FREE
| SPACE

— ROT

TOTAL CAPACITY

The Insight: Context rot is the primary adversary of consistency.
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THE PHYSICS OF ATTENTION: CONSTRAINTS & POSITIONING

Constraint 1: The Instruction Limit Constraint 2: The U-Shaped Attention Curve

A

Frontier LLMs reliably follow ~150-200 ot
distinct instructions.

Zone 1 (Start):
<— Top 10%: Critical
Constraints & ldentity

. - )
System Prompt: ~50 1nstructions = Zone 2 (Middle - The Dip):
- - - e : o/ .
Available: ~100-150 instructions @ Middle 80%: Reference
. - Material (Risk Zone)
Result: Exceeding leads to =
silent failure. E
Q
= Zone 3 (End):
Tl Bottom 10%:
Workflow Triggers
0% >
< =

Token Position (Start to End)

The Insight: If you'd be upset when the Al ignores it, don't put it in the middle.

& NotebooklLM



SIGNAL VS. NOISE: THE 4-QUESTION AUDIT FRAMEWORK

1. Would
Claude ask
about this?

2.Canit
be inferred
from files?

3. Does
this change
frequently?

4. |s this
a default
convention?

Yes = Signal Yes = Noise/Redundant Yes = Noise/Stale Risk Yes = Noise/Standard

Old Way - Bloated
CLAUDE.md (300 lines)

ity ~ (A A AAAT e AV e AV AN

New Way - Lean

TR ROt AT T Progressive # Rules
WV AN cmnr Al UL A e— - —~

- See @docs/review-process.md
- See @docs/style-guide.md

E T el it o D P i e PLI IV a A
MU~ L AN AN AT

30-60% Tokens = Noise CLAUDE.md (<60 lines)

The Insight: Don’t inline details; use reference files to load tokens only on demand.
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CONTEXT ARCHITECTURE: FOUR TOOLS, FOUR LOADING PATTERNS

Tool Loading Pattern | Token Cost Best Use Case
CLAUDE .md > Session Start %+ E"Ef(VH?geﬁ)“eSt_/% Sfaaéglggﬂ Sr;ﬁits
Skills —— On-Demand —1> [UCq | oo aized tasks
Subagents |— Isolated —1> 00 | e eseare
Hooks > External > Zero & Cﬁggi;n}:m;ﬂ;)

Cost Impact Analysis:

e Old Way (Monolithic):  §
~7,300 tokens/request. |

« New Way (Distributed):
~550 tokens/request. |

* Reduction: 13X.

The Insight: Context architecture distributes information to minimize baseline cognitive load.
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THE TWO-WAY PROBLEM: ENCODING TACIT KNOWLEDGE

Tacit Knowledge: The “unwritten rules” professionals carry (e.g., specific client dislikes, subtle styling preferences).

GETTING KNOWLEDGE IN GETTING UNDERSTANDING OUT
—>
M
1. Structured Context Docs (Explain the ‘Why'). 1. The Rubber Duck Test (Explain it back).
2. Encoded Preferences (Examples > Rules). 2. Structured Output (Reasoning before
3. Memory Scoping (Global vs. Session). Deliverable).

The Insight: Explicitly document the unwritten rules to differentiate generic agents from experts.
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OPERATIONAL LIFECYCLE:
THE CONTEXT ZONES FRAMEWORK

Traffic Light
0-50% 50-70% 70-85% 85-95% 95%+
(Work Freely) (Monitor) (Action Required) (Emergency) (Reset)
Task Complete OR Task Ongoing +
Context Poisoned? Need Decisions?

N/ \/ Custom Compaction Instructions

/clear User: /compact\ .
Instruction: "Preserve [Key Decisions].

Discard [Tangents]."

The Insight: Proactively manage the window before degradation begins.
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PERSISTENT STATE: THE TASKS SYSTEM

Problem: Ephemeral Context vs. Solution: Plan on Disk.

~/.claude/tasks/

@ Hello, sphemeral st [ /_:_____|
and netiting cont Task A =
roadictay used

b
unfemment to |*‘ S Task B J

/clear (blockedBy A)
G __. /|1 e T T
[l ] g Task C
= Y | ]
Ephemeral State : g
(Lost on /clear)
Context Resume
Plan —>| Execute > Fills = /clear > (Plan Survives)

Cross-Session ID: CLAUDE_CODE_TASK_LIST_ID

The Insight: Tasks enable aggressive context clearing without losing the roadmap.
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LONG-HORIZON WORK: THE HARNESS ARCHITECTURE

The Two-Agent System

Initializer
Agent

Eln File

PR claude-progress. txt

Working
Agent

Artifact: claude-progress.txt Wireframe

Tihrers

h.t..l' '-..I
.r.'-.. |

1Ew gah

i
'-h.

JetBrains Mono

-

clauvde-progress.txt 1 10

1. [Completed]

v Setup initial project structure [Session 1, 09:00 AM] «

v Define core data models [Session 1, 10:30 AM]

2. [In Progress]

— Implement authentication service [Status: Developing, 50%] ¢

— Design user interface mockups [Status: Iterating]

3. [Blocked]

X APl Integration [Dependency: External Service X APl Key] £

X Database migration scripts [Dependency: Final schema approval]

4. [Decisions Made]

« Use PostgreSQL for relational data [Rationale: ACID compliance]
» Adopt hexagonal architecture [Rationale: Decoupling, testability]

5. [Known Issues]

| Performance bottleneck in data processing pipeline

! Edge case in user registration fiow

A

(Session Timestamps)

(Status Annotations)

(Specific Dependencies)

(The Institutional
Memory)

(Issue Tracker)

Protocol: Never end a session with work in disarray. Use the 'Save Checkpoint' pattern.

The Insight: Separate ‘Action Items' (Tasks) from 'Project State' (Progress Files).
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MID-STREAM RELEVANCE: SEMANTIC MEMORY INJECTION
Solving Workflow Drift
I Turn 1 \{.« Turn 20
(Strategy) \ (Execution)
, PreToolUse Injection ,
Thinking Blnr:k\ g = EE.
JetBrains Mono 7 JetBrains Mono -
I need to format Relevant Rule Found ﬁ Current Context
this table... & (e.g., 'Formatting Rules’) ‘ ==
’ VettoSEdarchel "  AErnl hodap i b o Bod |l il “*
UserPromptSubmit PreToolUse ‘ ______ =
= @\ K
Static. Injects based Dynamic. Injects based on Al's | = = |
on user prompt. *current* thought process.
L -
The Insight: Ensure the Al has context for what it is doing NOW, not what you asked an hour ago. -
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CONTEXT ISOLATION: THE ORCHESTRATOR PATTERN

The Dirty Slate

Context: Esgrt"l?g:

Agent A + Agent A

+ Initial Request + Initial Request

+ Noise/Dead-ends = + More Noise/Dead-ends

Clean Context / Orchestrator Subagent Patterns

Orchestrator
(Master Task)

Stateless
Fresh Context Fresh Context Parallel
+ Specific Task + Specific Task ( )
Summar %
- ' Only 4 -y Stateful
_-~ Summary J Summary ~~_ (Handuffs}

Only Only




THE PLAYBOOK: CONTEXT ENGINEERING DECISION TREE

5 28
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Use Memory Injection

(PreToolUse)

27m

F

Use Progress
Files & Tasks

27m

Context Isolation
(Orchestrator)

30m

A

Signal Audit

p—— JetBralns Mono —=

/clear

p—— JetBrains Hono ——+

/compact

—

13m

B— =

I.,_

S

Budget Strategy:

Reserve 10-15% buffer.

a5m

AT

91| The Insight: A consolidated framework for application.
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QUALITY ASSURANCE: AUDITING PRODUCTION AGENTS

The 4 Quality Metrics

QUADRANT 1: CONSISTENCY QUADRANT 2: PERSISTENCE

Definition:

e Same answer at Turn 1vs N @

@ Turn 507 = 4
Test: @ \
— Run standard task at

session start & end.

Definition:
e Resume after 24h break?

Test:

— Reconstruction time < 5 min.

QUADRANT 3: SCALABILITY QUADRANT 4: KNOWLEDGE

Definition:
e Handle 10-step tasks? ’7'3\

— Alignment with original —[ ¢
goal (no drift).

AN

Definition:

* Apply domain rules
unprompted?

Test:

— Remove explicit reminders;
check compliance.

©21| The Insight: Quality is not accidental; it is engineered.

uuuuu
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THE STRATEGIC IMPERATIVE

GENERAL AGENTS BUILD
CUSTOM AGENTS.

The Differentiator:

e Competitor: Same Model (Claude/GPT).
e Competitor: Same Prompts.

e Your Edge: Context Engineering
Discipline.

Stop ‘using’ Al. Start
manufacturing Digital FTEs.

lu@éﬁ Effective Context Engineering: The Discipline of Building Production-Grade Al Agents.
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