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The API remembers nothing between calls.

It never runs your tools.

[>_]

‘ Text / Tool Output \ e — x\“ e
; j TSN ‘“‘x - —a |

The Reality Zis™ ™

Every response is a pure state transition.
Your application must reconstruct and send the

entire required state on every single request.

}-

I

>_| state = reconstruct_state(request)
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Dividing the System
Architecture

&

(oo

r.
¥

\

1

&

L—‘
s

AN
//'E.mnching Logic A

: Y% %
[Claude's Territory: |
Generation &
— 1 Reasoning /
— :';__‘ O—D 4 e 3 hq 2
o '-_II L] L..E;-;I:f_.- o

o

(stop_reason)

_'O'_ Insight: Almost every production
o+ bug is a developer responsibility

» 7 b done wrong.
jﬂ"{_? e E :
...... ri @;{E} Takeaway: Claude provides the

reasoning engine. You own the
state machine that surrounds it.
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The Capability Ceiling

Rule: Do not upgrade the entire
pipeline when only one step fails.

e — Hardest reasoning, planning,
-/ | and review of critical output.

Most capable, slowest, highest cost.

Sonnet

The default starting point for
most apps, agents, and coding.

e - : o | Balanced capability, speed, cost.

= ! . E
' / High-volume routing, real-time

/”’ | — triage, sub-agent workers.

- Fastest, lowest cost.
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o 50 Tuning the Independent Levers
s |

L N, LLL)
{T” ) ‘f&l’l‘f /(1) Model Tier Genen (2) Reasoning Depth |3 geiierratun
BT N soffiec,. et —=. Medtun
S o : - ;L T B |
. S i Vs “:fr {b|! Low 3 .}f'%&
= =\ - A >N } Tune Separately: £ | . SO X || =%
= - il (= R Smaller tier + high |[=—7" " I /J —\ i

.| effort can beat larger ——

i tier + low effort. *___E\__ﬁ |

— a L ] - \ -_- s : I : o I. | I. . .. I | I
) ’ - & '..' -‘r. | - .IJ-';
T . B ' . 4 P : ~ ““xl .
= set_tler( "Halku") -, S‘”ﬁ e p— . TS
a*5 o - ."-- ,_.-.-l——- i = : r = - -
> boest 1 |__;"'=Jllr (e N
= beast_reasoning{oas) | R — PN — o i J.‘-‘ e I et
| P & ~ 1A e o _— il
= | 3 , ] }

= H*Lgh Latency, Deep Thnught | S

I
My A
i

= teal_eell_0]
s toal _eell_07

The Spec-Driven Pattern  escte oecteomnt, artiot) |

s teel_cell_D3

T o L/
| ; -.--_\

ngh -Volume
Tool Calls

B e e ' J » geacute ipet{sennet, artifact)
Structured Fresh Context _| {*L‘:’E‘}EE‘% true | * @
Spec Artifact Window = : i:}

High-cost planning pass Use Opus for a read-only | - | Cost-saving 1__ Feed the spec into a fresh window on
for critical architecture. » planning pass. context reset. | > | Sonnet to execute tools. Avoids paying
\ J Dpus rates across dozens of turns.

e
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Adaptive Thinking
Mechanics

" I:-Gmp let E',Iy -E‘,.n"?

. il W
e ..

f‘?c?

developer
Server

Mechanic: Claude sizes its
own reasoning via
thinking={'type’: 'adaptive’};
you steer depth with effort.
(Manual budget_tokens returns
HTTP 400 on models 4.7+).

Billing: ALl internal thinking
is billed as output tokens,
even if display: omitted.

The Immutable Law: Thinking
blocks carry a cryptographic
signature. Echo them back
exactly as received when
returning tool results.
Editing or filtering them
guarantees a 400 error.



The Messages AP| Shape

" " o ° : ; T
model o-% dt} Pin a fixed ID. : ;f *. -t

o '« Trap: This strictly caps output Iength 9
i (] ]
max tokens'" o— - ~ Itdoes NOT create room in the context
- window or fix validation errors. | [— {/

a'——.

o=\,
> = grrof (2= lngs
"system" o Tﬂp -level string/blocks e L
> No ‘system’ role inside messages. ><
"messages”
ructure: Alternating
Struct Alt ti
{"rele”: “user”, "cantemt": ...}, gser{anlstanl;t turn:[s
" A - " ontent can be a string or
{"relle”: "assiskant", “eentent”: ...}, an array of strictly typed
{"rolie": “weer”, “centemnt": ...} blocks (text, tool_use,
] tool result, thinking).
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- The Prompt Altitude Goldilocks Zone

Too Specific / Brittle

Treating the LLM as a deterministic
state machine with 100%
predetermined branching.

Breaks on unscripted edge cases.

The Goldilocks Zone

1. Clear identity & scope.

2. Goal-oriented tool guidance
(not sequences).

3. Repeatable reasoning framework
(Understand = Gather = Act = Verify).

4. Explicit escalation triggers.

Too Vague / Underspecified

High-level platitudes and false

assumptions of shared context.

Causes high variance and
hallucinations.
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The Critical NOde: Check stop_reason first.

Every time.

Branching on
Stop Reason

-— A\-_ The Root of Most Bugs:

“# 1 5_ Code that reads content[0].text blindly &
i é:::? LA without checking stop_reason will e
i inevitably crash in production. HTP

o —— T —

max_tokens /[
model_context_window_exceeded
! L caching

Read text. Run tools, return = Truncated. Read stop_details.
paired results, loop. Prune or raise cap. Do not blind retry.

o

|I|-||‘]|||
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im

G

i1ine

1. Define: Define tools,
descriptions, schema.

4, Return: Echo

assistant turn,

append user turn

with tool_result

matching the ID.

The Immutable Tool-Use Loop

Pairing Rule:
Every tool_use
needs a tool_result
with an exact

matching ID.

NGNS

Placement Rule:
tool_result blocks
must come first in
that user message.

@ User message

|

tool_result: {
id:
}

A L LN

L.

|

Chronology Rule:
Results go in the
very next user
message. Nothing
in between.

ARy

Failure Rule:

Return failures as
is_error: true with
a short message. An
empty string reads
as 'no data',
causing confident

hallucinations. /&

S

AL

. Request: Claude emits
tool use withan ID.

n (_ii LR N
> [k
A tool_use: {
be 1d: "call_123",
—>  id: ‘call 123'

}...

3. Execute: Developer
runs authorization
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Enforcing Structure e ——a S

AERE

System Prompt

Best-effort prompt
guidance (YAML/Bullets). —,

Use for developer tuols,’
architectural plans,
streaming Markdown.

No parsing guarantees. 7

A
y e o / > --f——---.-.-ﬂ"u<§
0O0o0 . - ; l I I e ;;..L"ff M\\ v/.\'
— .

JSON Outputs

Uses strict: true.

Guarantees tool inputs
match schema.

Use for agents feeding
real backend systems.

Uses output_config.format.

Guarantees response text
parses and matches schema.

Use when answer must be
machine-readable
(extraction, CI gates).

=

- w 55 =
{ > = +@
l? "kE}"" . "value" —> ? = EE@EJ l_QJ
d |
= & CI/CD validated —8— -

The Reality Check: Shape # Correctness.

A schema-valid object can still hold a hallucinated value. Always maintain

business-rule validation in your code. Move format enforcement into the API, but keep
business validation local. (Prefilling the assistant turn is rejected on 4.6+).
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Autonomy —»

~ Agent Taxonomy & Scaling Tool Execution

2. Shallow ReAct / Standard MCP

4. CodeMode (Programmatic Calling)

D - i __;;_..:--: { "type": "CodeMod
= o | w o
] 275 | Wall: Schema Bloat & [7

@ - > Ping-Pong Latency. {f

- - ] ~

Scaling limits: I::I:Iir = ;X
Standard MCP is best for 1-5 - 3 j
iterations. Scaling to 50+ tools 16Hts 30bs
burns ~50k tokens on Turn 1
(Schema Bloat) and creates \ /\ /\ /
massive sequential round-trip T ateer T bt
Iaten:y. Massive sequential round-trip latency.

{ "type": "Optimize %" }

¥
Workflow / Hybrid RAG

Fixed pipeline.

> —
LE—*B—*I}T

Chain of Command

>

9

S (@ Security Sandbox
AR | Converts MCP schemas to a TypeScript API.
= 4 Model writes code executed in a network-

isolated V8 sandbox, collapsing dozens of LLM
round-trips into a single inference pass.

o LLM Round-Trips

3. Deep Agent Harness

Best for long-horizon tasks (30+ turns).
Offloads bulky intermediate state to virtual
filesystems to prevent context pollution.

(TodoWrite, VFS, Subagents)

Efficient
i TR

d ff = '

ata offilse ‘_ﬁ }

> | VFS s

Complexity —»

+—-—— . .-5.-¢ “ ", o
}' i . w B
TodoWrite Data % E -, .a:‘lf@
\ retrieval @
Virtual filesystem Subagents

M Gemini Notebook



Diagnosing Context Rot

Context Poisoning

Y

i

e 3
".
p
I.'I
o

Turn 1 failure =
Schema Bloat /
Tool-schema
upfront pollution.
Use progressive

disclosure.
i\ il
i o

[]1or prune the turn
(summarization
preserves the poison).

b, ’

Context Confusion

Turn 5 failure =

Accumulated Tool

Result rot
crowding out
instructions.

Hard-reset messages: |—

A

w

Contradictory

rules and stale

instructions.

Paginate reads
(offset/limit), prune
stale tool results, or
offload to Virtual FS.

J

| Deduplicate
| instructions, drop
| superseded turns.
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Multi-Agent Context Contracts

A 1/,

Oxrchestrator

ajkyrl\?;u

Wave Node

Wave Node

> 3
D—-o—@
"l

Raw Artifact

S
L o
— X -

Wave-Based Fan-0ut

Dispatch large parallel tasks
in waves of 3-5 to prevent
429 rate-limit storms.

Never parallelize sequentially
coupled tasks.

Builder-Reviewer Isolation

Builder-Reviewer isolation
prevents confirmation bias.

Self-Contained Handoff:

A subagent call has zero parent
history. Pass a self-contailned
prompt and return raw artifacts,
not prose summaries.

Always run the Reviewer 1n a

completely separate, fresh
context window.
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Prompt Caching Economics

Cache Writ The Prefix Rule: Cache hits require an
(1 zgi ;sz S;se) identical prefix order.
\ tools = system > messages
I 1 read Standard
5 (5-min TTL) Input Cost
) ” / o
AL

The Silent Invalidator Trap:

- y (1-hour TTL) Placing a timestamp, user ID,
Cache Read or toggling tools before a
(0.1x base) ) cache breakpoint results in a 0%
hit rate. Dynamic text must go
NEqUEStS after the static prefix.
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The Streaming Event Waterfall
| |

} message_start / ] N\ _o——— _\\\\x

'\% Streaming improves perceived |
| latency. It does not reduce '3L|

87 )2 content_block_start . tokens or cost. %

SRS

5

JL!

Append, do

~ l
I

L

Interrupted Streams: X

| message 1s complete.” On a drop,
discard the partial turn entirely.

not parse! \
content_block_stop ¢ e o /
now. The Trap:
Saving a half-streamed assistant
turn leaves a malformed

tool_use in history, silently
~ breaking all future validation
on retries.

: N v
Commit to taghl L Lfﬁ}

history now. = li|!
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Offline Efficiency:
Message Batches

/\ The custom_id Mandate
Results return entirely out of
order. You must match results
using the required custom_id (1-
64 chars), never by array position.

Mechanism

~ Asynchronous processing
of up to 100k requests or

- 256MB at a 50% discount.

Finished within 24 hours.

| ' The Trap
| Splitting a list into chunks and
calling messages.create() in
a sync loop is not batching—it's
just a rate-limit fight. Use the |
' Batches API for bulk offline
| offline work.
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Fallback
(529 Overloaded - Different Tier)

—~— Circult Breaker
(Aggregate 500s) Ownership: SDK handles base

retries. Never wrap SDK calls ina . -
custom 5-attempt loop. One layer  '=<
owns retries. —

SDK Retry The Refusal Trap: A safety refusal

(Base network errors, 429s) returns as HTTP 200, not an error.
It 1s a content decision.
Exponential backoff on a refusal |
just repeats the same rejection. '
Read stop_details and rephrase or 3
clear history. @

g > ) VT —— M Gemini Notebook



j‘” ‘“’5
oL, Securlty Posture & Realities

_Jf I}J

—_—

Indlrect Prompt Injection

e ‘*\‘\i’%.....
- ﬁﬁ }iw]‘; F

=L {5 )

N\

=y 1IN% "

(B2

.|""~.

Treat content

—
as data / Isolation
4 |Sﬂ'|ﬂtE Exegztlun
—> |~ readers. | ] i
L4

- The Attacker:
In APl apps, the attacker is
whoever wrote the web page,
email, or document the agent
reads, not just the user.

)

TR |  S——

Auth before
execution
(fail closed).

. 2N,
' The Trap: f

Trusting model-generated arguments
or assuming an output filter that runs

- after execution is sufficient.

System Prorhpt on t do X ‘|s NOT é sééurlty co tp

L2225 explicit RPC

The Fix: Q/

Deterministic authorization must |
happen in your code before the tool B
executes. Use least-privilege registries. | =

Ve

—

_.-'"'.-__.-"' . ¥ : __,.r'// J,. I
! e




Deployment, Residency, and |ID Pinning
= =T C— o8

' J.m‘:er‘ence _geo: us/global (No EU)._l. \‘m R

Y Residency Trap: First-party
inference_geo has no EU option.

= { =—-['r=.'+',i]

<
.‘

Flrst-PartyApl Mg —
B+ T"H l lv ~

-l’b_...-""}
'\ Regi
AWS Bedrr.}ck X
&= - IfEUresidency is a hard compliance
.

_.:-

S requirement, route through Bedrock or _
“__~_ Google Cloud multi-region from day one. -

[, 4 f .FTERM'"A" I -0X] _ Release Discipline: On Claude 4.6+,
= = /F-_ the dateless ID is a fixed snapshot.

\

=] . 1 > PINNED_ID = "claude-sonnet-4-6"

E /_ & Pin the full ID in config. Treat every
o /_ model swap as a software release, keeping
3 L

the previous pin as the rollback target.
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e — c\:,_-.._...

—

I - ._.*-ﬂ ’ i / -
SOMC = —)
O o) Eva|8 and Cost Levers rR—

(o0 ]

Jf | > T
i [~ o . 1==0

| _DEVELOPER DASHBOARD @ Assert properties, —_— =
/i never exact strings. [ = | ——

[ s T::- . .
O Eval Discipline: Assert properties iy
0 and ranges in your eval code; do not e
- grade against exact strings, as e
: . | . output naturally varies even when ===
Prompt Caching @ '~ Message Batches * — Context Pruning curfect 2 Yy :
2 s e T - | Lt T T r’“‘
o . - Golden Sets: Representative
| s - inputs + edge cases + adversarial
. = — cases. Refresh whenever prompts |
e | gtk or retnevals change. ..-——c :
z| @f) /\ The Cnst Trap: Quoting the per—call ;
— <\ ) == cost of a pilot. Multi-agent fan-outs '
v- ° (T35 ) W) multiply tokens exponentially. |~
' / | A ~ Instrument latency and errors per | i
_ [ i cooe | Call Count Fan-Out ‘ & Model Tier P 08R call from day one, and set reliability
| (eoe | L | - floors before pulling cost levers. .
! | iyt 1 1 - — L . = _I
N —
NS R~ 7
i s S i
n  RRREE 0 N 1§ > _ W " M GemiiNotebook




d—m

e & &

= |
®-b=

- "J ;
/ Tool Registry & 2
Deterministic Auth Sandboxes _ )

l Prune Failover :_i M TN — = |
Dota b ' e . i
l [ : l Compact ﬂw Deterministic Auth
B | Managemen ¥ 3 ]
. N e : - p
e " N :‘ -l _ l van'ﬁaﬂmn r:rarp;;g;;;aphic 4
- _E_’ | “““F‘“‘:“. Filtors Jee——"% '—I r‘ ?‘g’l—p[ D e ﬁlé
- —— ol el " (LG = G = L4 Verified o . l ) E:—_?.".
—— = R — i ){'. e = Tocls _] 1= e
e sl o a2
= ;-_L G g B ‘r J '&, L Securs
-y }rf I + Eullar : \# Data Ll:l-ﬂﬂl'l‘ﬂir‘l.iﬂﬂt,’.‘.ﬁu‘th Execulien
+ BuHer Mangmen! ;__—} ,--:-.L. Maria R = E i = _:_

T Compact - Cost

« Coel sost

The Reality: Mastery of the Claude API is not about prompt engineering.

The Burden: |t is about building the rigorous engineering pipeline that
surrounds the model—managing stateless history, enforcing cryptographic
tool loops, bounding context rot, and securing execution environments.

T Gemini Notebook



Find The Defect:
Code Migration Breakdown

R

cee ol Crossed out. 400 error

resp = EllEl‘lt messages.create( on 4.7+. Omit it.
=HEW P NED ID, max_tokens=4096

g=1" type": enahled“: — (Crossed out. Deprecated.
\ tools=TOOLS, messages=messages, Use adaptive+effnrt.

Crossed out. Breaks messages.append({"role": "assistant",

| = "content": [b for b in resp.content ifCk
CTYRIS Sigig i Die. call = next(b for b in resp.content if b.type =%

Echo completely intact. try:
out = run_tool(call.name, call.input)
excep pption:
Crossed out. Causes gt
hallucinations. messages .appenc Crossed out.

, "text": "Here is the resuli:” ), = s—————

(typeT IO STt EETT 0. "content": out}, tool_result block must
1}) be strictly first.

Return is_error: true.

Conclusion: Production stability requires strict adherence to the stateless rules,
exact payload schemas, and chronological tool pairing. The model provides the
intelligence; you provide the discipline.
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