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Scenario 1: Customer Support Agent

Sl ol agent s> s 5L, Claude Agent SDK 540 05,8 Jlasiwl returns. billing disputes. sl account
issues [, 000 Wlguww agent MCP tools ( get_customer , lookup_order , process_refund ,
escalate_to_human ) 80 w900 00O b,S Jlosiwl%+ first-contact resolution cuwlis .00 escalation [0S
Oilw

Scenario 2: Claude Code glw S Code Generation

| Claude Code sS development L. 05,8 Jlasiwl O4J 0S 0;,S .5 code generation, refactoring.

debugging. documentationOuw! ¢S I O custom slash commands | CLAUDE.md configuration ilw OIS
integrate 0S 00 ligmoww O, ol .00 LS planning mode 000 U,S Jlosiw! oS

Scenario 3: Multi-Agent Research System

Sl coordinator agent specialized subagents oS tasks 00 L gww: web research. document analysis.
synthesis. 5l report generationgS eiwaw [ citations JoSo ilw 0S reports O w0l 06,8 )L

Scenario 4: Developer Productivity Tools

[0, agent engineers ¢S unfamiliar codebases explore [0; ,S. boilerplate code 5! .[;li; routine tasks
automate 000 Lus sx0 yao Ui ,S Built-in tools (Read. Write. Bash. Grep. Glob) sl MCP servers Jlosiwl
Do 05> O,

Scenario 5: Claude Code for Continuous Integration

Claude Code ¢S CI/CD pipeline OSL uS ese ywo automated code reviews. test generation. sl pull
request feedback Og0 Jol> Prompts 0S uille igd o5l 03 Oawl false positives Oygd oS Ouw oS
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Claude Code — GitLab CI/ICD https://code.claude.com/docs/en/gitlab-ci-cd

Claude Code — Headless (nhon- https://code.claude.com/docs/en/headless
interactive mode)

Prompt Engineering Guide https://platform.claude.com/docs/en/build-with-claude/prompt-
engineering/overview

Extended Thinking https://platform.claude.com/docs/en/build-with-claude/extended-
thinking

Anthropic Cookbook (code examples) https://github.com/anthropics/anthropic-cookbook
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1 oL: Claude APl — Model Interaction uoliy S

ol ugluws: Messages API | Prompt Engineering

1.1 APl Request Structure

Claude API &l request—response model 000 U,S sgu S Claude Messages API [0 .S request [, o
00 beO JoLsu:
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"model": "claude-sonnet-4-6",

"max_tokens": 1024,

"system": "You are a helpful assistant.",

"messages": [
{"role": "user", "content": "Hi!"},
{"role": "assistant", "content": "Hello!"},
{"role": "user", "content": "How are you?"}

1
"tools": [...],

"tool_choice": {"type": "auto"}

53Ls L01:

model — model selection ( claude-opus-4-6 , claude-sonnet-4-6 , claude-haiku-4-5)

max_tokens — response [l Ow 0ol Lo tokens slass S

system — system prompt (model 00 b,S cay =i S Uig, OS)

messages — conversation history (JaSe ¢S I Oy S UigS, 51,8 51 Jaulus history (sigll (sizags
00)

tools — o luwy tools S definitions

tool_choice — tool selection strategy

1.2 Message Roles

messages array g»> conversational roles &l gl instructional role 00 b, Jlosiwl:

e user — user messages. Jgoxin tool results (Sl 0, user -role message ;x| S tool_result
content block S Sl v a0 05> Ozxugs ao & yguo S tool role yuli sl )

e assistant — model responses (history a0 Oil> Ui Joliv eadg Dixugs): Jgoxin tool use requests
( tool_use content blocks)

+ system —top-level system field 00 liSw > LS e Osy,s 05 (OL0, turn 00 LeO 63Y Ouw) b
messages s {"role": "system", ...} sk OSinline 00 iSw > LS Jolis (03T Duw Olads wl
wegwaze (10 g o3V placement rules ueSs»> Oz — g 0S)

Tool results ¢S "tool" role Ollg message Kl O, OUL bugs puldi u yelo OS user -role message gl OIS
0S ouz o2 05 Oxug 4 content Sl puo tool_result content block 00 L0 Joli:



{

"role": "user",
"content": [
{
"type": "tool_result",
"tool_use_id": "toolu_01...",
"content": "..."

system cuwwl, OO0l messages array &l g gre role o 0i .00 iSw o0 10U el 05 top-level
system parameter saiss IS Gl O0s,5 0S top-level system field 0S cached prefix ¢S invalidate jus, (S
conversation gl > 0S instructions yogaxo 05 ywl OO0 U,S Joli placement rules ju00:

o Sl 0, user turn (uuo pu> Ug Joowin tool_result blocks ugll) L server tool use Ollg Uigd pi> 5,
assistant turn 00,0 Ul xsy 198 OS
o wwS [, assistant turn | 0,0l U 010, Ow array =1 1S element 00,01 L

e S [0, tool_use block OS gwl sl tool_result 400 5, i, Luyl — iSw T Galdi 0lo,o OS error Lile
gon

o Ollg 05l Lso 22y system messages (Jsesins conversation OsS (LS Joli ol 0S) sy sl o uslls OIO,
0S turns O4J 0OS top-level system field 0[] OigS ) caudgd

50 : 200 sl API request JaSe 55 ol 1o conversation history 00,0l (uizug: Model requests OS

Ol o state 0 — LS, uulli bbga=e call OO0 g0 515l

1.3 Response o stop_reason Field

Claude API response Luo stop_reason US 00 bl ¢ .00 Led Joliv model i generation Sy, ugsS:

Value Description Action

"end_turn" Model Ui response W S JoSo O=uis user yuleSH> o5

"tool_use" Model tool call 00 LOLz LS Tool execute gl oS result jus paulg
"max_tokens" Token limit S 0 pis> Response truncated 00 Sow ;00 limit 0% wila 5
"stop_sequence" Stop sequence S Jo wiz| application logic g.Uas OS handle S

Agentic systems uo "tool_use" gl "end_turn" 0, — a0 o0l Ow cuw agent loop 05,8 Jg %S oS
Ous0
1.4 System Prompt

System prompt o> Kl instruction > [0 context ol behavioral rules 0, OO0 b, uxis:

o messages array Sl 0, (be0 jui Dia> IS system field 00 bls> Ly Guo



« user messages [0 ligS ), cudg9
e ,L Slload s ,es sl 00 g conversation 00 L, 65Y uo
« role. constraints. gl output format 00 L0 Jlosiw!| OJ 0O oy =i S

o0l Od 05 glxisl: system prompt S wording s»l,l ut tool associations jglo 05 Jlio D00 iSw LS oy
Oxuwad" (g customer culald cuwaz "GoS Guuai S model ¢S get_customer ol Ow w9 0 oS
Oe0 05 s 9o ;) waz OS iz 00 (iSw S gazo y Ui,S Jlosinwl

1.5 Context Window

Context window text (tokens) Duw> 00 laés JS S model Guo eadg SOl process Huo pwl 000 LiSw S
00 Joli:

o System prompt
» JoSs message history
» Tool definitions

» Tool results
o0l context-window J5luw:

1. Lost-in-the-middle effect: models Oial input Daw sleic] 050 oS wloglro 39790 y pliasl ol ;LT OS
process wlwais S Oled Ko sl 05, Miss ca,d S 5T b g wloglro all :d> 0ol OiSw S
DoeSy

2. Tool results ,[0 :Lg ga=> LS tool call context e output ,31 000 b,S Joliv tool 40+ fields 0,5 juuls
95 w0l o015 L o L5 context 000 bls 60 gilio Huax> 154 IS

3. Progressive summarization: history compress «.ég [Ji ,S numeric values. percentages. gl dates S|
I:I(".).L?_“ 4”.@__‘25“ l”LJ).ﬂJ“) L).LD DJL? S.D c..als );S«)SS.D Pf

2 ol Tools gl tool use

ol jugliwo: Tool Use

2.1 tool use OO LS

tool_use &I mechanism ¢> 00O Claude oS external functions call 00 lus w1 S 0i,S Model 001,
cawl, code Og — LMz L. structured tool call request IS I ‘00 L, code Ol execute gl OO S result

000 b,S oals

2.2 Tool Definition

[0 tool &I ISON schema sy 5 0O define 00 Ll LS:


https://platform.claude.com/docs/en/build-with-claude/tool-use

{

"name": "get_customer",

"description": "Finds a customer by email or ID. Returns the customer profile,
including name, email, order history, and account status. Use this tool BEFORE
lookup_order to verify the customer's identity. Accepts an email (format:
user@domain.com) or a numeric customer_id.",

"input_schema": {

"type": "object",

"properties": {
"email": {"type": "string", "description": "Customer email"},
"customer_id": {"type": "integer", "description": "Numeric customer ID"}

iy

"required": []

Tool description gl0, o0l S0l OS:

1. Description tool selection s>l IS mechanism OO0 LLM tools S ol ¢S descriptions ,, sbiy S
000 b,S waxiio Minimal descriptions (“Customer information retrieve 00 U,5™) S ysulale ;5 gdlgo Ol
w> s Wi eael tools Ouw [ uwgs Sl overlap Oyed 05,8

2. Description 4,8 Jold Guo:

o Tool 00 U,S ywlg LS 5l OO LS LS

o Input formats ¢l example values

o Edge cases 5l constraints

o [, tool similar alternatives ¢[0 Jlosiw! <S a0 ObLleo OS

3. L Oau> Sl overlapping descriptions 31 0 s Ow analyze_content ol analyze_document (S
descriptions o5 s ez Sul luai model OB 05 S lale lals il

4. Built-in tools [Llaay; MCP tools: agents similar functionality [Jlg built-in tools (Read. Grep) ¢S MCP
tools OJ 0S Hizxy Oaw ywl Oyald OiSw 0> ez 5 4 MCP tool descriptions (il bbguas — concrete
advantages. unique data. (g L context 9> S ubles built-in tools O0iSw S pulli o019

2.3 tool_choice Parameter
tool_choice 05 00 LS Jg xS O, model tools OO U,S caxiio HawS:

Value Behavior oS Jlesiwl S

{ "type": "auto" } Model 05 00 b,S Ol »¢> tool call LS oo WY 5 (bl default
L 00 text 00 bys wlg> o

{ "type": "any" } Model oS Ta)y sS tool call (S0 LS oS ol w> guaranteed
structured output .0

{ "type": "tool", "name": Model jogaxo Kl To)y ¢S toolcall w,S S g,_,JT > forced first step /
"extract_metadata" } Sl execution order 0,0



DAL)Ja.m p.[”:

« tool_choice: "any" + multiple extraction tools — model ¢, i; t00l ng: rgs S50 (OO LS caiio
structured output 00 Lo

« Forced selection - 0, Lols> S 55 I ez action D0 cileis S (o enrichment OO, Duw
extract_metadata )

2.4 Structured Output [0J 0S JISON Schemas

JSON schemas gilw 0S tool_use U,S Jlaziwl Claude O structured output Juld Oaw cauw IS 05,8 Jol>
0, 000 Oaylo slasel:

o Syntax caw,> Ow ,liel 05 ISON 00 by culoso S (braces Uisd yuldi sl trailing commas uli
DI}D)

e [yellas structure 00O LS 390 (required fields a0 Oisd 59> 90)
« Semantic correctness lu> (i ciloio S (Values juld iSw o0 lale (g sg2)

Schema desigh — Jguol soluis:

{
"type": "object",
"properties": {
"category": {
"type": "string",
"enum": ["bug", "feature", "docs", "unclear", "other"]
3
"category_detail": {
"type": ["string", "null"],
"description": "Details if category = 'other' or 'unclear'"
s
"severity": {
"type": "string",
"enum": ["critical", "high", "medium", "low"]
}I
"confidence": {
"type": "number",
"minimum": O,
"maximum": 1
}I
"optional_field": {
"type": ["string", "null"],
"description": "Null if the information was not found in the source"
}
}I
"required": ["category", "severity"]

}

Schema design rules:

1. Required [1Ls0, optional: ol U o fields ¢S required Dg0 o liw) Oxwed wleogles S =2 sl
Required fields model ¢S data ; [is[0 <l values 0 a0 (iSaw S Jguzo o (i 565



2. Nullable fields: 0J 0S wlogleo sl "type": ["string", "null"] s UiSeo 3> S Jlosiwl
Ousl Ui 55250 Model null Oislw 595 Og 05 0O wl Diley 00 biSaw LS oayls value 005k,

3. Enums with "other" : _uwl predefined categories OdJ 00 Oilx Oaw Tigl gl wloglee S ,0L O
"other" + &l detail string 0,8 Joli

4. Enum "unclear" : > UJ 0S Ugijg0 ol model category ,lxilesl — o0 Oi sleie g puo O,L OS

"unclear" lale category OO0 i, Ow

2.5 Syntax [Llaa; Semantic Errors

Error Example Mitigation

type

Syntax Invalid JSON. lal¢ field type JSON schema ilw 0S tool_use (Lo S pi>
m[m)

Semanti  Totals match 05,5 i value lal¢ field Huo. Validation checks. feedback gilw OS retry. self-

c hallucination correction

3 owl: Claude Agent SDK — Agentic Systems Ly,

ol ugluws: Agent SDK | Hooks | Subagents | Sessions

3.1 Agentic Loop 0 LS

Agentic loop ,lS>¢> task execution s>l IS pattern OO0 Model Og — Ly i wle> b e actions Sl S
sequence 00 W plxl:

1. Claude 4S tools ai lw oS request azun,
. Response S Jgws
3. stop_reason S Sz
- "tool use" -> tool execute s ,S. result history 4o append s ,S. step 1 gylg o

N

o=
- "end_turn" -> task JoSo. result user .5 laS> ¢S
4. & oisn JoSo repeat S

0, model-driven approach 00: Claude Oil context gz, sl tool results M1y sbiy S 100l axiio 295
0, 000 LS hard-coded decision trees yl0> OO calize Duw action sequence Oaw 010, fixed OO0 g
Anti-patterns (gaz Ow Ol):

« Completion detect [1J 0S [J; ,S assistant text parse U,S (“Task completed”)
« Primary stop condition , sl OIS arbitrary iteration limit L ,S" Jlosiwl (Mo max_iterations=5)
o [0S L,S Sz 0, assistant [; textual content Ouwl a0 L OO L> completion signal ligzoaw

Oay o cawyo: completion sleicl L5 a>lg IS signal stop_reason == "end_turn" OO0


https://platform.claude.com/docs/en/agent-sdk/overview
https://platform.claude.com/docs/en/agent-sdk/hooks
https://platform.claude.com/docs/en/agent-sdk/subagents
https://platform.claude.com/docs/en/agent-sdk/sessions

3.2 AgentDefinition Configuration

AgentDefinition Claude Agent SDK o agent configuration object OU:

agent = AgentDefinition(
name="customer_support",
description="Handles customer requests for returns and order issues",
system_prompt="You are a customer support agent...",
allowed_tools=["get_customer", "lookup_order", "process_refund",
"escalate_to_human"],
# Coordinator o.J ofS:
# allowed_tools=["Task", "get_customer", ...]

o0l parameters:

e name / description — agent casliog ol caslivn S
e system_prompt — Ylg wblla0 system prompt

e allowed_tools — [isL w51 tools cuw (08 S (least privilege Jgwol)

3.3 Hub-and-Spoke: Coordinator ¢l Subagents
Multi-agent architecture =Lo_9.o.9 hub-and-spoke topology 00 il> Sl Yo

Coordinator
/ | \
Subagentl Subagent2 Subagent3
(search) (analysis) (synthesis)

Coordinator gLl o3 S

« Task oS subtasks U,S ecuwsi Guo

e Ow 0eS 05 LS Ob O, subagents . L5, (dynamic selection)
» ol subagents Lygw oS

* sl go> wlu validate L S

« Errors 4l retries handle LS

o mluser L0, S5

Jswol p[l: subagents IS context 000 LigD SII

« Subagents >g, 59> coordinator S conversation history inherit 005 ,S ,a;
* sug e ples context subagent prompt OO Lgl oy yelo puoly o
« Subagents calls ylwo_> 0S memory share ;i S julli

+ plas communication coordinator 00 ;S Osy,5 OS (observability gl error control 04 OS)



3.4 Subagents 0J 0S i, Task Tool

Subagents Task tool Osy,5 OS spawn 00 Uil 0.

# Coordinator oS allowedTools uo "Task" oiols U go
coordinator_agent = AgentDefinition(
allowed_tools=["Task", "get_customer"]

Explicit context passing 00 «so_V:

# Bad: subagent wl, oS context oo oxos
Task: "Analyze the document"

# Good: JoSo context prompt e

Task: "Analyze the following document.
Document: [full document text]

Prior search results: [web search results]
Output format requirements: [schema]"

Parallel spawning: coordinator | response »asio juo Task s call 0 LSw ,S — subagents parallel
o] Oilz:

# Coordinator & | oS response oo Jo Ll 0y ouo:
Task 1: "Search for articles about X"

Task 2: "Analyze document Y"

Task 3: "Search for articles about zZ"

# oo D.A-L?u-hJLWngI U9

3.5 Agent SDK .0 Hooks

Hooks agent lifecycle _ogaxo S points y interception gl transformation 0 a0 Do o jlz] S

PostToolUse tool result ¢S model 010, Ow Uiz, S5 intercept 00 G ,S:

# @lizo :Jlio MCP tools oS & U ow formats normalize o S
@hook ("PostToolUse")
def normalize_dates(tool_result):

# Unix timestamp -> ISO 8601

# "Mar 5, 2025" -> '"2025-03-05"

return normalized_result

Outgoing-call interception hook policy Ollg i ;S s j 9 N> S actions oS block OO U ,S:



# ol ow 500% :JUlio refunds block o S
@hook ("PreToolUse")
def enforce_refund_limit(tool_call):

if tool_call.name == "process_refund" and tool_call.args.amount > 500:
return redirect_to_escalation(tool_call)

Hooks ¢l prompt instructions (3,9 Juo

Attribute Hooks Prompt instructions

Guarantee Deterministic (100%) Probabilistic (>90%, 100% y.[1;)
Jlosiwl oS Critical business rules. financial operations. General preferences. recommendations.
oS compliance formatting

Jlo Refunds > $500 block ;S “Try to solve before escalating”

o (Haels failure o Wl Gibla> L i(igils «Jlo OS — prompts yuldi. hooks O u,S Jlesiwl

4 oL: Model Context Protocol (MCP)

ol jugluws: MCP | Tools | Resources | Servers

4.1 MCP OO Ls

Model Context Protocol (MCP) | open protocol ¢> 00 external systems ¢S Claude 000 b j¢> Ow MCP
solis s resource types define 00 LS

1. Tools — functions uli> agent actions OJ 0S Oi plxil call 00 liSw S (CRUD operations. API calls.
command execution)

2. Resources — context UJ [0S data Oaw> agent 00 iSw &%, (documentation. database schemas.
content catalogs)

3. Prompts — plc tasks [0J [0S predefined prompt templates

4.2 MCP Servers

MCP server Sl process ¢> [0 MCP protocol implement ¢l OO b ,S tools/resources w> 000 U,S o019
| MCP server O connect (.0 05 ,S"

o plai tools s9xy 29> discover a0 Til> g0
» plai connected servers [0S tools L Hisd o liwws gilw Kl
« Tool descriptions S s ;S Ol model 8 0,5 Jlasiw! DusS Lalsl


https://modelcontextprotocol.io/
https://modelcontextprotocol.io/docs/concepts/tools
https://modelcontextprotocol.io/docs/concepts/resources
https://modelcontextprotocol.io/docs/concepts/servers

4.3 MCP Servers ¢S Configure L ,S

Project configuration ( .mcp.json ) — team usage OJ [S:

{
"mcpServers": {
"github": {
"command": "npx",
"args": ["-y", "@modelcontextprotocol/server-github"],
"env'": {
"GITHUB_TOKEN": "${GITHUB_TOKEN}"
}
3
"jira": {
"command": "npx",
"args": ["-y", "mcp-server-jira"],
"env": {
"JIRA_TOKEN": "${JIRA_TOKEN}"
}
}
}
}
ulSJ p.[”:

e .mcp.json project root 9l OO0 LgO bbgaxo Lo Version control OO Lg uo

« Environment variables ( ${GITHUB_TOKEN} ) secrets L[l Oigd Jlosiwl OJ 0O — tokens >g> commit
05 08 paldi

« [, project plos S contributors 00 bg[J wliws OJ OS

User configuration ( ~/.claude. json ) — personal/experimental servers [0J S

 User 0S home directory 00 Us logaxo Luo
« Version control Os, 5 0S share LgO ul;

« Personal experiments 4l testing ug jgo UdJ O
Servers ol 1S:

 Standard integrations (Jira. GitHub. Slack) >9>90 U 010, OJ OS community MCP servers guz i 95

(O 2]
» ul custom servers (9 .0 unique. team-specific workflows il OJ OS

4.4 MCP 10 isError Flag

w> MCP tool e error g5 000 A response o istrror: true 0, 000 LgO Jloziwl agent 0OS 00 Ly oS
call fail 000 sod

Structured error (lg=zl):



{
"isError": true,
"content": {

"errorCategory": "transient",
"isRetryable": true,
"message": "The service is temporarily unavailable. Timeout while calling the

orders API.",

"attempted_query": "order_id=12345",
"partial_results": null

b
b

Generic error (anti-pattern):

{

"isError": true,
"content": "Operation failed"

Generic error agent LS — > i wlogleo i9S OJ 0S s jlw OLaus o5 retry S, query L .y escalate
SousS
O

4.5 MCP Resources

Resources Lul data ¢> (a0 agent context OJ 0OS Ui .S Jol> actions 00 iSw S wdlb juxy O4S:

» Content catalogs (,oLo;;:}lio project tasks w09 S hierarchical navigation)
« Database schemas (data structure OJ 0S Uig=ouw)
e Documentation (API references. internal guides)

o |ssue/task summaries

Resource (x5l ST agent OJ 0S Oig=ow [, ¢S exploratory tool calls 0S i 5 julli w9 00 S data s9>90
000 LS Resource 99 “map” 000 G,S o019

5 oL: Claude Code — Configuration |
Workflows

@l jugliws: Claude Code | Memory / CLAUDE.md | Skills | MCP | Hooks | Sub-agents | GitHub
Actions | Headless


https://code.claude.com/docs/en/overview
https://code.claude.com/docs/en/memory
https://code.claude.com/docs/en/skills
https://code.claude.com/docs/en/mcp
https://code.claude.com/docs/en/hooks
https://code.claude.com/docs/en/sub-agents
https://code.claude.com/docs/en/github-actions
https://code.claude.com/docs/en/github-actions
https://code.claude.com/docs/en/headless

5.1 CLAUDE.md Hierarchy

CLAUDE.md Oy instruction file(s) s> ,«[0 Claude Code sxlaw i S owl 000 U,S Jlosiwl hierarchy
.

1. User-level: ~/.claude/CLAUDE.md
- wwl @, user oSV
- VCS o=y oS share LJB.D Oa0J
- w |5 preferences 5l working style

2. Project-level: .claude/CLAUDE.md L, root CLAUDE.md
- plos project contributors §Y .
- VCS o=y 5 oS manage oo U go
- Coding standards. testing standards. architectural decisions

3. Directory-level: subdirectories _uo CLAUDE.md
- ol > directory oS files oo Liga s5Y o5 5o plS ailw oS
- codebase pgoxo oS owe> wl oS conventions

05 Kl :lale ple team member oS project instructions Ug OSGguS uile u[Ji . claude/CLAUDE .md
(project-level) Oilx, 0OS ~/.claude/CLAUDE.md (user-level) 0 ugi S g5, Uuo

5.2 @path Syntax (File Imports)

CLAUDE.md (wg_u files g @path U=y ,5 OS refer Ow w00 LSw LS configuration modular s> ¢
go:

# Project CLAUDE.md

Coding standards @./standards/coding-style.md yuo 0i5 0.5 ol Jue
Test requirements @./standards/testing-requirements.md juo (o
Project overview @README.md 4! ,4+o dependencies @package.json o (us

@path aclgs OS:

e @ sz e OS file path 05T (LssS space i)
« Relative 4l absolute ygig> paths supported u[l
 Relative paths uui file glUao OIS resolve yuo yuz yad Oig[ import OO

o Maximum import nesting depth 5 00

Ow ywl duplication 0 el OO e oS package Oilsio b o Lo Standards O [l Oie0 Joli

5.3 .claude/rules/ Directory

.claude/rules/ monolithic CLAUDE.md ¢> .00 Jslis IS rules oS topic Ow < lw> OS organize O 0i,S
00 bed Jlosiwl! OJ:



.claude/rules/

testing.md -- testing conventions
api-conventions.md -- API conventions
deployment.md -- deployment rules
react-patterns.md -- React patterns

YAML frontmatter glw [0S paths conditional loading:

paths: ["src/api/**/*"]

API files ouJ oS async/await a5 lw oS explicit error handling oye S Jlosiwl
o endpoint standard response wrapper oco_S g lg

paths: ["**/*.test.tsx", "**/*.test.ts"]

Tests 4o describe/it blocks oysinls oigsn Jlosiwl
Data factories (u_S Jlosiwl. hardcoding oo
Database mock S oi — test database oy S Jlosiwl

od U)SPIS D.u.l.gS D._-_:

Rule wég ywl 9 0 load o> 00 Lgl Claude Code Lu! file edit 9> 00,5 paths pattern Ow match G ,S
ol

Ow ywl context gl tokens Hilsio ju& — a0 Oiz rules load Oig0 Guli

Glob patterns ¢S I file type Ouw LolxJ OS conventions apply OO .0 Oi,s 05, files codebase juo
usl] e S (tests xao enll, O4J 0S)

paths Ollg .claude/rules/ OLlio, directory-level CLAUDE.md (S Jlosiwl oS-

.claude/rules/ with paths — <> conventions S directories s g% Uuo files (tests. migrations)
sl 63V

« Directory-level CLAUDE.md — <> conventions o> wuS directory gl ,u0S 9l usl Diulg Daw

U}D s SS9 o

5.4 Custom Slash Commands gl Skills

O>9>¢0 :&gi Claude Code version Guo custom commands ( .claude/commands/ ) ¢S skills
( .claude/skills/ ) @lw OS unify ysig> OO0 LS L S formats /name commands O;l
568 lxiol Os0 .claude/commands/ g — OO (S S5 IS format g | supported 000

Slash commands reusable prompt templates ¢> ,u[] /name s, 0S invoke a1 Oig[l:

.claude/commands/ format (legacy. supported):



.claude/commands/
review.md -- /review -- standard code review
test-gen.md -- /test-gen -- test generation

.claude/skills/ format (current):

.claude/skills/
review/SKILL.md -- /review -- frontmatter configuration as lw oS

test-gen/SKILL.md

Project commands ( .claude/commands/ L .claude/skills/ ):

e VCS 5l 0 Oig bgaxo Lo repo clone (uld Higd o liwws Od O caw Ollg 05,8

e U e consistent workflows (a0 Oily (issy

User commands ( ~/.claude/commands/ L ~/.claude/skills/):

* wil> commands ¢> VCS sy ,5 US share ig ull
o sl ail workflows OJ OS

5.5 Skills — .claude/skills/

Skills advanced commands g> 1 SKILL.md frontmatter Os,,5 OS configure .0 Dig[:

context: fork
allowed-tools: ["Read", "Grep", "Glob"]
argument-hint: "Path to the directory to analyze"

LTS directory ,uo code structure oys S os = I
Dependencies g4l architectural patterns & | o report oS Lo

Frontmatter parameters:

Parameter Description

context: Skill 45 isolated subagent 000 UMz uo Verbose output main session ¢S pollute b,S ,ali
fork

allowed- Oaw oS 0S OO0 b,S 923 O, tools OS5 ysl wbiws (security — Yis skill files delete S .0
tools o0 05 ozl 31 3 0Sw)

argument - > skill parameters ., 0S invoke o5 o[ argument 0, Ll 5 0iKlo

hint

Skill OLlia; CLAUDE.Md y,S Jlasiawl St

» Skill — Logaxo task OdJ [0S on-demand invocation (review. analysis. generation)
e CLAUDE.md — Ollg Uis[ 5¢) Duuwal] general standards 5l conventions



Personal skills ( ~/.claude/skills/ ):

e il personal variants OSU yuilu Ow ugol calize teammates yod Ui jilio

5.6 Planning Mode [Llio, Direct Execution

Planning mode:

» Model o investigate ol plan (00 b ,S changes b,S ,ul

« Codebase explore OJ 05 ;.S Read. Grep. Glob 00 U,S Jlosiwl
« Sl implementation plan Owe 00 b,S L user approve OO b,S

* s side effects S safe exploration

Planning mode ,,,S Jlosiwl oS-

« % changes (ygiz > files)

« Multiple plausible approaches (microservices: boundaries DS define §ug0)
« Architectural decisions (Lw (S frameworkLsS € structure?)

« Unfamiliar codebase (change 00 (s g o ligzow 010, Ouw i )S5)

« Library migrations 45 g>+ files ju,S ,ilio o5

Direct execution 4,5 Jlesiwl S

« Single-file fixes pioly stack trace gilw OS
« Sl validation check U,S Joli

o alwo jut [55 Ogz=ow tub gzl changes
Combined approach:

1. Investigation ¢l design OJ S planning mode
2. User plan approve [0,
3. Approved plan implement O0J S [0; ,S direct execution

Explore subagent — codebase explore OJ [0S [1; ,S specialized subagent:

« Verbose output ¢S main context O isolate OO b S

e o summary 00 U,S juuls
« Multi-phase tasks o context-window exhaustion 00 LSy,

5.7 /compact Command

/compact context compress OJ S [;,S built-in command O0:

« P lgz history ¢S summarize 0S ,S context window 00 b ,S (Js 05> e
« Long investigation sessions w> 00 L0 Jlosiwl uo verbose tool output Ouw context il g

« Risk: exact numeric values. dates. 5| specific details summarization ,s[ DiSw 00 a5 Lo



5.8 /memory Command

/memory sessions ylw > 0S memory manage OJ 0OS Ui S built-in command 0O0O:

e CLAUDE.md file editing OSU .00 lgeS OJ OIS notes. preferences. gl context juSw > 05 bbgaxo

« Information sessions gl 00 ill, ;1,8 5 ,L OS startup >gx 29> 5 load 00 (g0

« Project conventions. user preferences. frequently used commands. ¢l current work context lbgaxo
Mbo OJ OS 05,8

« 0 session g yuo instructions Jsbio IS Dilgzoww O, Lgo

5.9 Claude Code CLI for CI/ICD

-p (L --print ) flag:
claude -p "Analyze this pull request for security issues"

« Non-interactive mode: prompt process 00O U ,S. stdout , print sl .00 b, exit 00 bl> o0
« Userinput U,S juldi jUail
« CI/CD pipelines Lo Claude Oy ylo caw o a>lg IS 0iMz

Cl U4 OS structured output:

claude -p "Review this PR" --output-format json --json-schema
|{lltype|l:llobjectl|, . '}l

e --output-format json — output ¢S ISON 0O lu> Luo
e --json-schema — output ¢S schema . las OS validate OO b ,S
« Result ¢S automatically inline PR comments OJ 05 [0;,S &gy parse 00 iSw 5 WS

Session context isolation: [y Claude session [0i yu> code generate ,iS| [0 LS review 550 o5 Juo
00 el (model il reasoning context ¢S uglawd Ol 9l OO LigS, @ilw challenge Ls[ oS oSl IS i S
00)0 Review OJ S independent instance 0,5 Jlosiwwl

Duplicate comments 0% :§lz Oaw commits 0, Lg> 2= OS review Olgzy «cudg i 1S review results context
29l uS Jeliv Lo Claude L 05 b o oS unresolved issues report 0o enlad S Ti,S

5.10 fork_session ¢l Session Management

--resume <session-name> named session ¢S resume 00 b ,S:
claude --resume investigation-auth-bug

« saved context Jg= @ilw OS conversation 00 lgS ) s>



« Long investigations >axio ¢> S€SSIONS xuao J OS ol U] lugs 1
 Risk: gz LS session as, OIS files o5 s Sz Jx tool results stale a0 DiSaw o0

fork_session shared context Ouw independent branch 00 Ll:

Codebase investigation

fork_session

/ \
Approach A: Approach B:
Redux Context API

* Usgig» forks branch point &G context inherit (O i S
o sl bl Og axy OS Gwl diverge Gul Os,S
« Approaches compare L ;S strategies test sxao [J 0S i ;S

Resume & D5l 0S session Gy S g9 40 St

 Tool results stale yg0 (files us Sz Jn)
o ol 60 85 ;8 sy 8lS context degrade o0 LS o0

o il tool data gilw 0S resume :00 0, DuoMs uaize S Gwl L 9> 05 n0" 0 00 a0, O, D5l 0S 5,8
Ow "... restart 05 LS

6 oL: Prompt Engineering — Advanced
Techniques

wl jugliws: Prompt Engineering | Anthropic Cookbook

6.1 Few-shot Prompting

Few-shot prompting Juo > 00 Oay b Og expected behavior OJ 05 OilgS> prompt 4-2 w0 input/output
examples 00 Uil 0. Joliw

Few-shot text descriptions (00 ggaS yigo (1ol [an:

» ol instruction OsL " Ouwz precise 00 iSw > lgzow O ygisdo S 5 "0
« Example , sl o[ ,ut expected format gl decision logic OO LlgS>
« Model pattern 0% ¢S cases ,, generalize 00 LS (w9 o examples uldi GIL,05)

Few-shot examples Jlosiwl g9 plusdl S

1. Ambiguous scenarios [4J (1S examples:


https://platform.claude.com/docs/en/build-with-claude/prompt-engineering/overview
https://github.com/anthropics/anthropic-cookbook

Request: "My order is broken"
Action: Call get_customer -> lookup_order -> check status.
Rationale: “broken” damaged item ¢S ol ‘oo LiSw so sy order details ogun LS5

Request: "Get me a manager"
Action: | ,49 escalate_to_human call s ,S.
Rationale: Customer ., ob gmolg human ouu S os GuiveS oS 0iS J> ¢35 noo o, & b

2. Output formatting OJ [0S examples:

Finding example:

{
"location": "src/auth/login.ts:42",
"issue": "SQL injection in the username parameter",
"severity": "critical",
"suggested_fix": "Use a parameterized query"
}

3. Acceptable OLLia, problematic code OJ 0S Ui, Sl examples:

// Acceptable (flag oS oi):
const items = data.filter(x => x.active);

// Problem (flag (= _S5):
const items = data.filter(x => x.active == true); // Use strict equality ===

4. Different document formats [l extraction [0S examples:

Document with inline citations:
"As shown in the study (Smith, 2023), the rate is 42%."
-> {"value": "42%", "source": "Smith, 2023", "type": "inline_citation"}

Document with bibliography references:
"The rate is 42%. [1]"
-> {"value": "42%", "source": "reference_1", "type": "bibliography"}

5. Informal measurements [0J (IS examples:

Text: "about two handfuls of rice"
-> {"amount": "~100g", "original text": "two handfuls", "precision": "approximate"}

Text: "a pinch of salt"
-> {"amount": "~1g", "original_text": "a pinch", "precision": "approximate"}

Few-shot ,, ,¢lb ols informal gl non-standard measurement units ¢> 00 550 o DU purely rule-
based instructions Oud g ggiio eald, OJ O

Prompts o format normalization rules: . structured output OJ 0S strict JSON schemas Jlosiuwl
WS prompt Luo normalization rules S Joliv:



Normalization:

- Dates: oiuoo ISO 8601 (YYYY-MM-DD); "yesterday" -> absolute date compute S
- Currency: numeric amount + currency code; "five bucks" -> {"amount": 5, "currency":
Ilulel}

- Percentages: decimal fraction; "half" -> 0.5

Oaw gl semantic errors yl0> (u0 Ois00 &5 JSON syntactically ;%o 5[0 caw_> values inconsistent Oy sl

6.2 Explicit Criteria (L lsa, Vague Instructions
Bad (vague):

Code comments S accuracy oS Sz
Conservative & w — yuo, high-confidence findings report ogs S

Good (explicit criteria):

Comment ¢S problematic yuo g0 MT Yo Flag w> St

1. Comment ylo LS actual code behavior ow CONTRADICT go LS

2. Comment 5>9>¢0 ¢t wS function L variable o> odlg> IS

3. TODO/FIXME comment owms | _wS bug 9> D)S DJU’U' G)Jo &S code Lo uln__g_ oao TiX 90 Lﬁ? 90

Flag yu_S os:
- omu | comments ¢, 0 > style ysa oil g ow blxd of

- wJgoso wording inaccuracies
- Missing comments (£J| o, category on)

Severity criteria examples glw S define ., ,S:

CRITICAL: User o.J oS runtime failure
Example: Payment process wég o5_S NullPointerException

HIGH: Security vulnerability
Example: SQL injection. XSS. missing authorization checks

MEDIUM: Logic bug s, 99 s impact oS
Example: Wrong sorting. off-by-one error

LOW: Code quality
Example: Duplication. ofg¢a> data osJ oS suboptimal algorithm

6.3 Prompt Chaining

Prompt chaining | complex task ¢S focused steps S sequence 00 b5g5 uo:



Step 1: auth.ts analyze ,u,S (4, local issues)
-> Qutput: auth.ts .o issues S list

Step 2: database.ts analyze S (4, local issues)
-> Qutput: database.ts yuo issues S list

Step 3: Integration pass (cross-file dependencies)
-> Output: module boundaries ., issues

« Attention dilution co>—00 Llx Ow model Guw eally glw Kl files g=xS o5 00 LigSyo files 0S bugs miss
2 w9l el OO LiSw S shallow commentary 00 LiSiw Os

« ,0file OJ OS consistent analysis quality 00 bly  siasy

« Cross-file interactions S| OJ OS analysis 00 by ool S

Prompt chaining OLlio, dynamic decomposition (S Jlesiwl oS-

« Prompt chaining — predictable. repeatable tasks (code review. file migrations)
« Dynamic decomposition — open-ended investigations yl0> subtasks execution Uis[ giolg ul,95 O

o

6.4 “Interview” Pattern

Solution implement 010, Ow i ,S Claude clarifying questions 00 ligzgy:

Claude: "API o,J oS caching implement o¥lgw oz olo, ow oiS:

1. oI TTL L event-based w 0sS ow oie cache invalidation strategy Suuo oS iy
2. 51 cache unavailable LS ¢ so stale data Soo Joud Jo L

3. Caching per-user L osols igsn global$

4. Cache oy oS oS expected data volume Soo LS

00 aufto waS Oi:

« Unfamiliar domain (fintech. healthcare. legal systems)
» wiolg jut implications Ollg tasks (cache strategies. failure modes)
* Jaxie Viable approaches wlxil il ul0> context s[J paxio

6.5 Validation 4| Retry-with-Feedback

w> extracted data validation fail [0S

Step 1: Document ow data extract .S
Step 2: Validate S (Pydantic. JSON Schema. business rules)
Step 3: S| error gn — context as Lw oS retry S5
- Original document
- Previous (incorrect) extraction
- Specific error: "Field 'total' = 150, but sum(line_items) = 145. Re-check values."

Retry o0 jide «aS:



» Format errors (date lals format Luo)
« Structural errors (field 0%> lals)
« Arithmetic inconsistencies (model 0,Lg> check 00 LiSaw )

Retry 8 (1,8 ,s[li 530 aS:

« Information source document Lu[1i [ 59290 uo
« Required context external 00 (data gl cuuS document LS LS uli o018 92> 00 (o)

Pydantic ,¢la, validation tool: Pydantic Python library ¢> 00 schema-based data validation OJ OS
o 0y oSG w01 OJ 0 glxiel 000 visd Jlagiuwl:

« Structural validation: types. requiredness. enum constraints JSON s, S code [0 Uil> S Saz yro

« Semantic validation: custom validators business logic enforce .0 (05,5 (sum of items equals total:
start_date < end_date)

« Validate-retry loops: Pydantic validation failure ,, error message ,S W, Claude gS error context S
0,Lg> @lw prompt oS

« JSON Schema generation: Pydantic models tool_use [UJ [0S JSON Schema generate OiSaw ,S
Sl 9= [0 single source of truth OO b,S o019

6.6 Self-correction

Internal contradictions detect IS [; ,S pattern:

"stated_total": "$150.00",
"calculated_total": "$145.00",
"conflict_detected": true,
"line_items": [
{"name": "widget A", "price": 75.00},
{"name": "widget B", "price": 70.00}
]
}

Model stated value sl computed value 5 ysl calize (g 81 — OO WIS ygigs> conflict_detected ol
oS discrepancy handle 000 Lu> 0,8

7 oL: Message Batches API

ol jugeluws: Message Batches

7.1 Overview

Message Batches API ¢S 1 asynchronous processing OJ IS requests S batches submit 00 Ly 05 ,S:


https://platform.claude.com/docs/en/build-with-claude/message-batches

Attribute Value

Savings synchronous calls 50 o 0L Lo [1S%

Processing window 24 5L Ow OsL hours (latency SLA guarantee (,ul[l5)
Multi-turn tool calling Supported i (K] request = Kl response)
Correlation request gl response OJ O0S i jo> ¢S custom_id field

7.2 Batch API (L las, Synchronous API ,,S Jlasiwl S

Task API Why

Pre-merge PR check Synchronous  Developer 24 :00 W0, JS Uil hours (ulli Jsud Juls
Overnight tech-debt report Batch Result 50 ‘0.0 &5 quo% savings

Weekly security audit Batch 50 1 ulli 5,59% savings

Interactive code review Synchronous S99 response 00,5

10,000 documents process LS Batch Bulk processing: savings 0 o0l

7.3 custom_id Jlesiwl IS

{
"custom_id": "doc-invoice-2024-001",
"params": {
"model": "claude-sonnet-4-6",
"max_tokens": 1024,
"messages": [{"role": "user", "content": "Extract data from:
}
}

custom_id 00 by 05,8 0, o5 I

» Result ¢S original document Ouw link G,S
« Failure W o yio w90 S failed documents [0, Lg> submit UGS
» Successful documents [1,Lg> ¢S process lizxy Ow i ,S

7.4 Batch o Failures ¢S Handle U,S

1. 100 documents (S batch submit .S
2. 95 succeed 5 ! .S fail ys[J (context limit exceeded)
3. Failures ¢S custom_id O identify ,, 8

4. Strategy Lu)a (Mo long documents ¢S chunks (S aswis Guo)

LY



5.5 0l 9 o failed documents [0,L g5 ¢S submit oS

7.5 SLA Planning

30 o5 I 81 hours s result ol 0,0l Batch API 24 ¢S hours (a0 DiSaw S S5

e Submission window: 30 - 24 = 6 hours
« Batches S deadline 24 o5 | oS O hours 010, submit Be0 LS
« Frequent submissions 4 [J OS-hour windows ;S euuéi juo

8 uL: Task Decomposition Strategies

8.1 Fixed Pipelines (Prompt Chaining)

0 step Ow 010, defined OO GgO:

Document -> Metadata extraction -> Data extraction -> Validation -> Enrichment -> Final
output

oS Jlasiwl S

» Task structure predictable ¢ (reviews [ I Oxual] template follow (,y,S5)
o ploi steps gl polo D OO,
« oS ol stability ol reproducibility 0,0l

8.2 Dynamic Adaptive Decomposition

Subtasks intermediate results ,, >l S generate (a0 Oigl:

1. "Legacy codebase o) oS tests add o S"

2. -> olao, structure map =S (Glob, Grep)

3. -> 3 :)b modules &%, tests 2 .oS partial coverage ai lw oS

4. -> Prioritize: payments module .S g9 ow (high risk)

5. -> gyl g> oS plS: external API ., dependency Sg¢o wd Lo

6. -> Adapt: tests olo, ow cinSd external API ooJ oS mock add o S
oS Jlosiwl iS*

» Open-ended investigative tasks

© JoSs waz scope 500 Ui pgleo puo g9
o 0 > step Olgx, step OS results ¢ paxio



8.3 Multi-pass Code Review

10+ files (Jlg pull requests OJ OS:

Pass 1 (per-file): auth.ts analyze s ,S -> local issues S list
Pass 1 (per-file): database.ts analyze u ,S -> local issues S list
Pass 1 (per-file): routes.ts analyze s ,S -> local issues S list

Pass 2 (integration): files ylio o oS relationships analyze S
-> Cross-file issues: inconsistent types, circular dependencies

14 files 0 Gl s pass 00 wls ggaS:

« Attention dilution: =S files (S deep analysis. S ¢=S shallow
« Inconsistent comments: &l file Lo pattern flag: yuo s wg> approve
« Missed bugs: cognitive overload giolg Oaw 029 S errors [l il &gez

9 oL : Escalation )9l Human-in-the-Loop

9.1 &S Human u,b S Escalate ,,,5

Escalation triggers (gqiolg rules):

Situation Action

Customer O0S 9l giolg “get me a TJs_é escalate Lu,S Ui gwingS S i8S J> (oS

manager”’

Policy request ¢S cover ¢[0 S [ Escalate 5,5 (Mio competitor price matching . policy _vgol>
s0)

Agent OSw LS Ui e yiww oo o cuwlio attempts s, S escalate oS

Threshold 4l Ow financial operation Escalate .S (T:q.?).'.' hook [, ,5 0S enforce. prompt Osy 5 0O

0s)

(0]

Customer eaég 05,5 LiuMs multiple matches 2o identifiers L& 05 Ol {Sle

o> reliable trigger 00 alli:

Unreliable method Why it fails
Sentiment analysis Customer IS mood case complexity Ow correlate G,S a0
Model self-rated confidence (1-10) Model confidently :00 liSw 0 lale calibration 00 g 508

Automatic classifier Overengineeringd0 e ! training data o0 i 56> 60



9.2 Escalation Patterns

Immediate escalation:

Customer: "I want to speak to a manager"
Agent: [TJ99 escalate_to_human call oo L _S]
NOT: "I can help with your issue, let me..."

Resolve e 0S juigS S Ui ,S escalation:

Customer: "My refrigerator broke two days after purchase"
Agent: [order oo L_S S=. warranty replacement offer oo L_S]
S| customer go oi giebo -> escalate

Nuanced escalation (acknowledge - resolve - reiteration , escalate):

Customer: "This is outrageous, I'm very unhappy with the quality!"

Agent: [frustration acknowledge] "oS oI Uue frustration yso Linzow."
[resolution offer] "uso replacement L refund yuso LiSw S gy . "

Customer: "No, I want to talk to someone!"

Agent: [customer oL go insist oS -> immediate escalation]

010, :Jgwol solis emotion acknowledge g 2 S concrete solution wdg sl 9 o gl (o escalate oS
«> customer human 005,05 gullgs S dissatisfaction , 10| 010, OS escalate .S Oi (O, manager
00 os0i ule 05 0&L)0

Policy gap [J S escalation:

Customer: "Competitor X has this item 30% cheaper—give me a discount"
Policy: wiu | @e site , price adjustments cover oo S
Agent: [escalate — policy competitor price matching ¢S cover i S (wos]

9.3 Structured Handoff Protocols

Escalation j, agent ¢S structured summary human 0.0z i oS-



"customer_id": "CUST-12345",

"customer_name": "Ivan Petrov",

"issue_summary": "Refund request for a damaged item",
"order_id": "ORD-67890",

"root_cause": "Item arrived damaged; photos attached",

"actions_taken": [
"Verified customer via get_customer",
"Confirmed order via lookup_order",
"Offered a standard replacement — customer insists on a refund"

1
"refund_amount": "$89.99",

"recommended_action": "Approve a full refund",
"escalation_reason": "Customer requested to speak with a manager"

Human operator ¢S full conversation transcript 0, <9 o g — sl pulli lw, S5 summary 000 LigSyo
9l JoSo O, OJ ywl self-contained 000 g0

9.4 Confidence Calibration ;4] Human Oversight

Data extraction systems [1J [IS:

1. Field-level confidence scores: model ,[] extracted field OJ 0S confidence score 00 WK
2. Calibration: labeled validation sets [0S ,S Jlesiwl| thresholds tune ,,,S
3. Routing:

o High confidence + stable accuracy -> automated processing

o Low confidence |, ambiguous sources -> human review
Stratified random sampling:

« High-confidence extractions Ouw Sac sl g OJ OS sample audit oS
« Aggregate 97% accuracy jogaxo S document type 40 OJ 5% errors 00 iSow Lgz
e Accuracy <9 o ¢S overall a1, document type gl field Dw o lw> OS analyze ,,,5

10 o L: Multi-agent Systems .o Error Handling

10.1 Error Categories

Category Examples Retryable Agent action
Transient Timeout. 503. network failure Yes Exponential backoff gilw OS retry
Validation Invalid input format. missing required No (input fix Request modify gl (1S retry oS

field oS)



Business Policy violation. threshold exceeded No
Permissio = Access denied No
n

10.2 Error-handling Anti-patterns

Anti-pattern Problem

Generic status “search
unavailable”

Coordinator decide 0OS liSaw LS Gali
recover 00 U S DuS

Silent suppression (empty
result = success)

Coordinator 00 lig=ew match uld;
OSSYL Mo failure Lgi [0

Sl failure |,g5  workflow
abort LS

elos partial results [0 Oil> 40 gl

Subagent o infinite retries  Latency gl resources gluo S

10.3 Structured Subagent Error

User ! silg=ow oS alternative jiuy

oS

Escalate S

Correct approach

Error type. query. partial results.
alternatives S ol

“no results” 4l “search failure” Lo
oS 99

Partial results ! 1S, )l @lw OS
gaps annotate (S

Local recovery (1-2 retries). g
coordinator s propagate

{
"status": "partial_failure",
"failure_type": "timeout",
"attempted_query": "AI impact on music industry 2024",
"partial_results": [
{"title": "AI Music Generation Report", "url": "... "relevance": 0.8}
]I
"alternative_approaches": [
"Try a narrower query: 'AI music composition tools
"Use an alternative data source"
]I
"coverage_impact": "Not covered: AI impact on music production"
}

0, coordinator 00 lus wlogleo s 9 00 Uy 0S Ti,S OLays oS-

Modified query gilw 0OS retry .8

Partial results § u,S Jlosiwl

sl wwS subagent oS delegate §,,,S

owl section gl jueS) s,l> ux OS gap annotate § S



10.4 Final Synthesis 410 Coverage Annotations

## Report: AI Impact on Creative Industries

### Visual Art (FULL COVERAGE)
[research results]

### Music (PARTIAL COVERAGE — search agent timeout)
[partial results]

I\ Note: wl section S coverage search agent timeout oo J>gax0 ow o>g oS.

### Literature (FULL COVERAGE)
[research results]

11 oL: Production Systems .0 Context
Management

11.1 Facts ¢S Separate Block o Extract ;S

Conversation history Oil= 0S5 0i,S ,Laxil 5, (s> summarization yl,9> 0S degrade 00 l> s0). key facts
oS structured block Lo extract oS-

=== CASE FACTS (Lo oa w> fact o3l update o5 l> LS) ===
Customer ID: CUST-12345

Order ID: ORD-67890

Order Date: 2025-01-15

Order Amount: $89.99

Issue: Damaged item on delivery

Customer Request: Full refund

Status: Pending manager approval

0, block ,.0 prompt OO0 S Joliv Lo history [0 S summarized Og00 i ygaS

11.2 Tool Results ¢S Trimming L ,S

S| lookup_order 40+ fields ;3 OO0 L,S Luulg current task (a0 18,5 5 (b 0 OJ OS:



# PostToolUse hook: @, relevant fields uaS,
@hook ("PostToolUse", tool="lookup_order")
def trim_order_fields(result):
return {
"order_id": result["order_id"],
"status": result["status"],
"total": result["total"],
"items": result["items"],
"return_eligible": result["return_eligible"]

Ow gl context 9l 00 iy noise 000 (g o5

11.3 Position-aware Input

Lost-in-the-middle effect 50 UigS, puo o5 oS critical information ugS ):

[KEY FINDINGS — ., ol]
3 critical vulnerabilities ,ulo...

[DETAILED RESULTS — ¢lieo]
=== File auth.ts ===

=== File database.ts ===

[ACTION ITEMS — 4o >1]
Priority: merge olo, ow auth.ts vulnerabilities fix y ,S.

11.4 Scratchpad Files

Long investigations .o agent key findings scratchpad file 00 LiSw ¢SJ o

# investigation-scratchpad.md

## Key findings

- PaymentProcessor in src/payments/processor.ts inherits from BaseProcessor
- refund() gus places ow call oo ign: OrderController. AdminPanel. CronJob
- External PaymentGateway API limit: 100 req/min

- Migration #47 os refund_reason (NOT NULL) add 01-12-2024 — LS

w> context degrade 5l> o0 (i L session Lue). agent discovery Oslx, OS Uil O, Lg> scratchpad
consult 000 LSw ,S



11.5 Context [1J [0S Tilx Subagents ¢S Delegate L ,S

Main agent: "payments module S dependencies investigate y ,S"

-> Subagent (Explore): 15 files read oo L _S. imports trace oo L _S

-> Returns: "Payments depends on AuthService, OrderModel, and the external
PaymentGateway API"

Main agent: context 15 o files K| oslx oS line oo LS,

Separate context layer: Multi-agent systems ,[J 1o Subagent »>9a=s context budget — 00 b,S oS Lo
Ol W e Ouwl task 9 40 O 05 information OO0 ile Coordinator S| separate context layer ,, jolo 0S
Og :00 LS plS subagent outputs aggregate OO L ,S. global state store 4l .00 U,S context allocate b ,S
Ow gl 000 “context leakage” ol ul0> LgO (uli agent window (sl ¢S information g> 00 Lus e Oaw

|:|3.|:| kgl:u.o).x.c D.\J as U9 gD

Subagents [J [0S constrained context budgets:

» Minimal context su=ug: specific task + s 9 40 data
« Subagent ¢S raw data dumps il=, S structured results oo culal S 05,8 paly

« allowedTools [lw subagent [IS toolset ¢S limit o5 — u S t00IS oS wllas IS distractions oS gl
context cost

11.6 Structured State Persistence (crash recovery [0J [IS)

>0 agent il state pglzo Sl location ,, export OO bS:

// agent-state/web-search-agent.json

{
"status": "completed",
"queries_executed": ["AI music 2024", "AI music composition"],
"results_count": 12,
"key_findings": [...],
"coverage": ["music composition", "music production"],
"gaps": ["music distribution", "music licensing"]
}

Coordinator resume | manifest load 00 G ,S:

// agent-state/manifest.json

{
"web-search": "completed",
"doc-analysis": "in_progress",
"synthesis": "not_started"

}



12 oL: Provenance LgS) bbgaxo o5

12.1 Attribution Loss Problem

asio > Sources [ results summarize 5 « .0 Oil> 0,8 “claim - source” link 00 liSuw ¢ o8-

Bad: "The AI music market is estimated at $3.2B." (No source, no year.)

Good:

{
"claim": "The AI music market is estimated at $3.2B.",
"source_url": "https://example.com/report",
"source_name": "Global AI Music Report 2024",

"publication_date": "2024-06-15",
"confidence": 0.9

12.2 Conflicting Data ¢S Handle U,S

93 wa> sources calizxo values uo:

{
"claim": "Share of AI-generated music on streaming platforms",
"values": [
{
"value": "12%",
"source": "Spotify Annual Report 2024",
"date": "2024-03",
"methodology": "Automated classification"
}I
{
"value": "8%",
"source": "Music Industry Association Survey",
"date": "2024-07",
"methodology": "Survey of 500 labels"
}
1
"conflict_detected": true,
"possible_explanation": "Methodology ¢! time period g, "
}

Sl S value ¢S Ugigr OyuuS Ui caxiio aind il o5 attribution gl jugS) bbgexo gilw OIS coordinator ¢S
Do 05,8 Olays

12.3 Correct Interpretation [J [0S Dates S Joli

Dates ,u%, (S temporal differences ¢S contradiction 00 LSw > W g=xomw:



Bad: "Source A says 10%,

source B says 15%. Contradiction."

Good: "Source A (2023) says 10%, source B (2024) says 15%. Likely 5+ ,uo Jlw K 1%

growth."

12.4 Content Type §:Uao [0S Render ;8

o Sl oS juz L0 format jumiger Ui Huo!

« Financial data -> tables

» News 4l analysis -> prose

» Technical findings -> structured lists

» Time series -> chronological ordering

13 oL: Claude Code (IS Built-in Tools

13.1 Tool Selection Reference

Task

eU/pattern Ouw files LS ol
File contents ;x| OS search LS
File lia %, JoSo

L file Ll

09> 90 file Luo precise edit

Shell command LMz

Tool
Glob
Grep
Read
Write
Edit

Bash

Example
**/* test.tsx , src/components/**/*.ts
Function name. error message. import
Analysis O4J OS file load L S
Scratch O file create LS
Unique text match Os, 5 OS specific snippet replace L S

git. npm. tests. build

13.2 Incremental Investigation Strategy

elos @lw Sl files yulu Ois, 0is) 55 g2 90 o Dyan f Oi:

a ~ w N R

Grep: entry points S @W (function definition. export)
Read: ,Jlg oils files un i,

Grep: usages S @ (import. calls)

Read: consumer files ud %

. JoSe & wr picture oi L Jo os repeat oS

13.3 Fallback: Edit 05l 0OS Read + Write

w> Edit non-unique text match Ow O>9 &S fail il ¢0:



1. Read — JoSo file content ;S 5o
2. Content ¢S programmatically modify S
3. Write — updated version (s> ¢SJ

Juaz 1: yubei (yro93 silziol

1 s093: Agent Architecture 4l Orchestration
(27%)

1.1 Autonomous Task Execution [JJ [0S Agentic Loops Design
LS

Key knowledge:

« Agent loop lifecycle: Claude request u=ug: stop_reason ( "tool_use" [OLlia, "end_turn") Sz
o2 tools execute (ST .S iteration OJ OS results oS owls

« Tool results conversation history (s append OSU L. Ois[0 model Y31 action OSuw S Db

« Model-driven decision making (Claude Y1 tool 00 Liz) 0L lio, hard-coded decision trees

Key skills:
« Flow control: «x> stop_reason = "tool_use" g5 ¢[1l00p ;9| JueS) s,l> "end_turn" Lisl> S, o

« lterations ylw o> 0S tool results ¢S context Luo append LS

« Anti-patterns liz, Ow: completion OJ IS assistant text parse U,S. primary stopping mechanism ¢l 005
_» arbitrary iteration limits UGS Jlosiawl|

1.2 Multi-agent Systems (Coordinator-Subagent) Orchestrate

LS

Key knowledge:

« Hub-and-spoke architecture: coordinator plas inter-agent communication. error handling. sl routing S
00 LD S

« Subagents isolated context sz 29> (g — ul] 0i,S plS Luo coordinator S history inherit 05,8 i

« Coordinator responsibilities: task decomposition. delegation. result aggregation. dynamic selection of
subagents

« Coordinator S overly narrow decomposition [ las S

Key skills:

» Research coverage sS subagents OSU S ewwdsi Ol OS duplication o0 oS



« Iterative refinement loops implement .S (coordinator synthesis evaluate 4l [ ,S tasks re-route [J,5)
» Observability ples OJ O0S communication coordinator U=, 5 0S route (oS

1.3 Subagent Calls. Context Passing. ,9l Spawning Configure

LS

Key knowledge:

« Task tool subagents spawn 00 b ,S coordinator [0S allowedTools uo "Task" 0 LsO Joli
« Subagent context prompt Lo explicitly {00z Ls Jolis subagents parent context inherit 0 ,S [
e AgentDefinition configuration: descriptions. system prompts. tool constraints

« Alternatives explore OJ 0S [0;,S fork_session [sy,> S session management

Key sKkills:

« Previous agents OIS full outputs subagent prompt s ,S Joliv Lo

« Context pass widg [15,S data 9l metadata ¢S separate [1J 0S [; ;S structured formats S Jlosiwl

« Sl coordinator turn sasis jue Task calls O, OS parallel subagents spawn o,S

« Coordinator prompts goals gl quality criteria S u ,slo S, step-by-step instructions Gu[0i gl OS

1.4 Enforcement 4l Handoff Patterns glw S Multi-step
Workflows Implement L ,§

Key knowledge:

« Workflow ordering OJ 0S programmatic enforcement (hooks. preconditions) 9| prompt guidance
39 Obo o OS

* > deterministic guarantees yg0 5,5 (Wb W operations 010, O identity verification). prompts
050 ualdi 9l

« Escalation yl,9> OS structured handoff protocols (customer ID. reason. recommended action)

Key skills:

» [l programmatic preconditions ¢> downstream calls ¢S block C10, S5 wa> oS steps usld Ui JoSo
(Mo get_customer OIS verified ID i i ,S uayle process_refund block _u,S)

« Multi-aspect customer requests Sl 55 items S puaisi Guo
» Human ¢S escalate <189 ;i ,S structured summaries produce .S

1.5 Tool Calls Intercept 4l [; ,S Data Normalize 0JJ S [0; ,S Agent
SDK Hooks

Key knowledge:

« Hook patterns (Mo PostTooluse ) tool results ¢S model S consume L0, Daw [ ,S intercept a0 05,8



« Hooks outgoing calls intercept (S S compliance rules enforce s i ,S (Mio threshold sl Caw refunds
block U ,S)

» Hooks deterministic guarantees JS.> . .0 Oi»> prompt instructions probabilistic compliance >

s

Key skills:
e PostToolUse hooks [w data formats normalize .S (Unix timestamps. ISO 8601, numeric status

codes)

« Policy-violating actions block O0J S i ,S interception hooks gl (S Jlesiwl escalation s o S
redirect .S
» > business rules ¢S guaranteed compliance ¢ ¢ [z prompts Uil 0S hooks oS waxiio

1.6 Complex Workflows [0J [0S Task Decomposition Strategies

Key knowledge:

« Fixed pipelines (prompt chaining) 0L o, intermediate results , > S dynamic adaptive
decomposition

« Prompt chaining: sequential steps (,O file S| oS analyze ,g, .S integration pass)

« Adaptive investigation plans ¢> discovered information , >Li, S subtasks generate L[ 00;,S

Key sKkills:

« Predictable multi-aspect reviews OJ S prompt chaining ‘s S Jlesiwl open-ended investigations IS
04 dynamic decomposition

« Large code reviews ¢S per-file analysis + separate cross-file integration pass S eswsi juo

« Open-ended tasks ¢S degrade 010, : ;S structure map g oS prioritized plan a5l

1.7 Session State. Resuming. ¢l Forking

Key knowledge:

« Named sessions continue OJ 0S [0;,S --resume <session-name>
o Shared context (. independent investigation branches OJ 0OS Uil fork_session
« Resume «dg ;5,5 agent oS file changes el S Oili

« Structured summary i lw OS session. stale results gilw OS resuming OsL O reliable (iSow o0
HIN

Key skills:

« Named investigation sessions continue OJ 0S i ,S --resume (oS Jlosiwl
« Approaches parallel compare [0J 00S [1; .S fork_session S Jlosiwl
» Resuming (context gl current 00) i gl session [0i,S g9 i (results stale (u0) ol glo o O

oS



5.10 fork_session ¢l Session Management

--resume <session-name> named session ¢S resume 00 b ,S:

claude --resume investigation-auth-bug

» saved context gz @ilw OS conversation 00 lgS ), s>
« Long investigations >axie ¢> S€SSIONS xuio [J OS ¢l sl g o

e Risk: ,_;J.@.?u)fl session az S files o5 s Sz Jx tool results stale (a0 OiSw o0

fork_session shared context Ow independent branch 00 Gl:

Codebase investigation

fork_session

/ \
Approach A: Approach B:
Redux Context API

» 99> forks branch point & context inherit (a0 05,8
o sl Oill5T Og 2z OS Ll diverge (a0 05,8
« Approaches compare L [0; S strategies test suao [J 0S [ ;S

Resume i Oilxy OS session (S g9 b St

 Tool results stale yg0 (files usd Sz Jn)
o ol 0 85 ;8 cadg 8lS context degrade o0 LS o0

+ il tool data ilw 05 resume :00 O, Huods uaizo S gul L o2 0i o0" 05 00 a0, O, D5l 08 0,
Ow "... restart 05> LS

2 :y093: Tool Design 9l MCP Integration (18%)

2.1 Clear Descriptions glw (IS Tool Interfaces Design L ,S

Key knowledge:

« Tool descriptions s>k g mechanism Uuw > ([0 LLM tools select :00 LS minimal descriptions
unreliable selection Gl (>

« Input formats. example queries. edge cases. sl applicability boundaries cuall S 0i,S Joli
« Ambiguous | overlapping descriptions misrouting (ulJ (it cuw IS
» System prompt wording tools sl jue gilw 05 associations 00 iSow W

Key skills:

* uwwl descriptions ;[0 ¢> ,1eSJ tool ¢S similar alternatives , gl muolg O distinguish S



« Functional overlap [0J OS [ ,S pi> tools rename S (Mo analyze_content ->
extract_web_results)

« General-purpose tools ¢S specialized tools [0S > (S ewmiss Gwo iNput/output contracts yeJ piolg

2.2 MCP Tools [14J [0S Structured Error Responses Implement i ,§

Key knowledge:
» MCP tool responses juo isError flag

« Transient errors (timeouts). validation errors (bad input). business errors (policy violations). sl
access/permission errors (9,9 Ol S

» Generic errors ("Operation failed") zu=wo recovery decisions [0 D> S,
« Retryable 4l non-retryable errors $,9 juo

Key sKills:

errorCategory (transient/validation/permission). isRetryable . 5l human-readable message suwu>
structured metadata S gl

« Business-rule violations guolg OJ S user-facing explanations gilw 0S retryable: false Jlosiwl

oS

« Transient failures OJ [0S subagents .o local recovery Hg <9 0 S errors propagate >¢> g 9> (oS

osSw S 05 J>

« Access failures (retry decision) sl valid empty results (no matches) (s ;S 99 Lo

2.3 Agents o Tools Allocation ,gl tool choice Configure L,S

Key knowledge:

o sl eal, tools (5—4 sl 0 18 Yis) tool selection reliability 00 (i ,S o5
« Specialization ,0L Ow tools Ollg OigS, agents s 05,5 Jloziw! lale a0l
» Scoped tool access: 9 o role-relevant tools + >ga=0 cross-role utilities

e tool_choice : "auto", "any" , sl forced tool selection ( {"type": "tool", "name": "..."})

Key skills:

« 0 subagent IS toolset s o relevant tools ugS ) d90%x0 S
« General tools oS constrained alternatives jJx Ow (Mie fetch_url -> load_document )

o tool_choice: "any" 0SU S Jlesiwl text answer (ilx OS tool call ¢[0 (sixsy
« Specific tool force OSL S execution order assured g1



2.4 MCP Servers oS Claude Code 4l Agent Workflows .o
Integrate U ,S

Key knowledge:
« MCP server scope: OJ S ygoss project ( .mcp.json ) OLlaas experiments OdJ O user
(~/.claude.json)

« Secrets management OJ [0S .mcp.json e environment variable substitution (ilio
${GITHUB_TOKEN} )

» plos connected MCP servers [0S tools connection , discover gilw &l gl a0 Oil> o0 available 050
U
(0.

« MCP resources ,g¢la, “content catalogs” (task summaries. database schemas) exploratory tool calls oS

Key sKkills:

« Shared MCP servers ¢S project .mcp.json i env-var-based tokens gilw S configure S
« Personal/experimental servers ¢S ~/.claude.json (S, oso

« Standard integrations [J S community MCP servers ¢S custom Servers (us guz i

2.5 Built-in Tools (Read, Write, Edit, Bash, Grep, Glob) 4l caxiio
Apply LS

Key knowledge:
« Grep: file contents x| 0S search (function names. error messages. imports)
« Glob: name/extension patterns O files LS Ju

« Read/Write: full-file operations! Edit: unique text matches [s,,5 [IS precise changes
« 31 Edit non-unique matches Ouw O>¢ S fail o5 o1 Read + Write Lul> suuly

Key skills:

« Content search 00J S Grep ¢l pattern-based discovery OJ 0S Glob S Jlesiwl

o ol 08, Did, g>9s g=ouww: entry points UdJ [0S Grep. g flows trace OdJ 05 [0;,S Read
» Wrapper modules [Js,,5 [IS function usage trace .S



3 2093: Claude Code Configuration el
Workflows (20%)

3.1 Hierarchy. Scope. ,9l Modular Organization glw (IS
CLAUDE.md Configure U,S

Key knowledge:

« CLAUDE.md hierarchy: user ( ~/.claude/CLAUDE.md ). project ( .claude/CLAUDE.md L root
CLAUDE.md ). ,4l directory-level (subdirectories 4+ CLAUDE.md)

« User-level settings | o o user ol yud Tis0 63 ,, VCS Oxy,5 OS share Oig0 Luls

» External files refer 0J 0S5 [0;,S @path syntax (i @./standards/coding-style.md ) OSU
CLAUDE.md modular Ok

» Monolithic CLAUDE.md [J;l=, 0S topic-focused rule files 0J 0S .claude/rules/ directory

Key skills:

 Hierarchy issues diagnose .S (0 team member ¢S instructions (g (06 ¢sS Guido a1 O4J Lwl user-
level Lugi Uro. Project-level julli Guo)

« 0 package S CLAUDE.md _u» standards selectively include OJ 00S 0;,S @path (Mo
@./standards/testing.md ) ;S Jlosiwl

e 0% CLAUDE.md >x=io g5 .claude/rules/ files (testing.md. api-conventions.md. deployment.md)

3.2 Custom Slash Commands ¢l Skills 4l Ll Configure L,S

Key knowledge:

e .claude/commands/ (o Project commands (VCS [ls,,5 [0S shared) OLléas ~/.claude/commands/
U+o User commands

e .claude/skills/ .o SKILL.md frontmatter: context: fork . allowed-tools . argument-hint

« context: fork skill oS isolated subagent context OSt 00 LMz s main session pollute ¢ [I;

« Personal skill variants ~/.claude/skills/ (u[l OiSw 00, Ow ygoli colixe o

Key skills:

 Project slash commands .claude/commands/ s_ s OSU yugS) uo team 0,5 Jol> Hulil
« Verbose output [l skills isolate 0J 0S [ ,S context: fork S Jlosiwl

o Skill 05,5 Jlosiwl 05 tools [J 0S i 45 59020 allowed-tools S Jlosiwl

 Required parameters OJ 0S Oi&lo  argument-hint (S Jlosiwl



3.3 Conditional Convention Loading [J [0S Path-specific Rules
LS Jlasiwl

Key knowledge:

.claude/rules/ files juo YAML frontmatter paths 0OSL 00 LSw 00 Joli glob patterns g Uao OS
rules activate ygl

« Path-scoped rules 9 0 matching files edit casg [0i,S load a0 Oigd. context gl tokens L[l Oiz
» Glob-based path rules directory-level CLAUDE.md wi> (a0 OiSw ¢ i, Oaw conventions (S
directories o apply us (lio tests)

Key skills:

paths: ["terraform/**/*"] gilw 00S .claude/rules/ files o (0SL Luilu matching files ,, load
sl

« Glob patterns ( **/*.test.tsx ) OSL S Jlaziwl location ,la; glaé O file type Duw bl OS
conventions apply usJ

« > conventions codebase g5 g Jugs yro g directory-level CLAUDE.md Uil OS path-specific
rules (oo tuz i o5

3.4 Planning Mode [1Llaa, Direct Execution ;S Jlasiwl S

Key knowledge:

Planning mode: complex tasks. [0 5 changes. multiple viable approaches. sl architectural decisions
OJ Os

Direct execution: (iS5 Dgzomw 7l ezl .[Oslw changes (lio single validation LS Joli)
Planning mode changes 010, Ow codebase S safe exploration 00 bly (Sos
« Explore subagent verbose discovery output isolate 00 b S

Key skills:

Architectural consequences [llg tasks (microservices. 45+ files (Jlg migrations) 0dJ [0S planning mode
S Jlosiwl

roolg stack trace gl single file Ol fixes OJ OS direct execution (oS Jlesiwwl
Multi-phase tasks o context-window exhaustion OJ 0OS UiSg, Explore subagent S Jlosiwl
Approaches ¢S combine (S discovery OJ S plan. implementation OJ S execute

3.5 Progressive Improvement 0J S Iterative Refinement

Key knowledge:

« Concrete input/output examples expectations communicate ju[ iy o 550 Haw cuw IS 05,8
« Test-driven iteration: 010, tests g «ueX failures ,, slis S iterate S

« “Interview” pattern: Claude clarifying questions 0SG 00 ligz g, non-obvious design considerations [io bw

€



* ploiissues Sl message o S o (interdependent) 4l sequentially S (independent)

Key skills:

Transformation requirements 3-2 0J 0S i ,S muelg concrete input/output examples s ;S o018

Implementation 010, (. expected behavior. edge cases. 5l performance requirements gilw IS test
sets yulu

« Design aspects (cache invalidation. failure modes) OJ 0S ;¥ Oiolw interview pattern ;S Jlosiwl
« Edge cases UdJ [0S sample inputs 5l expected outputs glw S concrete test cases u»

3.6 Claude Code ¢S CI/CD Pipelines o Integrate U ,S

Key knowledge:

« Automated pipelines Lo non-interactive mode O0J 0S -p (L --print ) flag
e Cl o structured output OJ 0S - -output-format json gl --json-schema
« CLAUDE.md project context (testing standards. review criteria) 00 LS o019

« Session context isolation: code generate _Jlg [0; ,S same session Duwl review (gl ji50 o5 guo i,S
ud

Key sKkills:

Interactive input y, hang OJ 0S iz Ow Ui Cl yuo Claude Code oS -p yuidz @lw OS

« Structured results (Mo inline PR comments) 0J OS - -output-format json + --json-schema
oS Jlosiwl

o % commits O,Lg> s 0S run Olgzy «adg Ui ,S review results oS Joliv (9 e new/unfixed issues
report s S)

« Test generation quality OJ 0 0;,S i), CLAUDE.md 4 testing standards gl available fixtures
document .S

« [ tests generate «wég [0;,S existing test files ¢S context OSU S Jolis yuo duplication gl 00 Ui style
consistent 0,

4 :y093: Prompt Engineering ¢l Structured
Output (20%)

4.1 Accuracy [0J 0S [0;,S i, Explicit Criteria glw 00S Prompts
Design b ,S

Key knowledge:

« Explicit criteria vague instructions a0 Ui 550 Tobj Daw (i “flag comments only when they
contradict code” 0L lso, “check comment accuracy”)

« “be more conservative” swuw> generic guidance concrete categorical criteria 00 550 05 Oaw



» False positives developer trust ¢=S : 0 Ois[ lxl il ,, categories Lo high false-positive rates cuw >
categories (sg p trust jull i JS oS

Key sKills:

» Review criteria define LS : S report 00 LS (bugs. security) LS gl ignore 00O LS (minor style)
« High false-positive rates _Jlg categories 5 ¢l o, le disable S
« 0 level OJ OS code examples gilw OIS explicit severity criteria define S

4.2 Output Consistency [1J 1S [0; S ,i[1, Few-shot Prompting
LS Jlasiwl

Key knowledge:

» Few-shot examples consistently formatted. actionable output 550 Juw caw S 0,8 law method (a0
» Few-shot o[Jw cases (tool selection. test coverage gaps) 00 LiSw gSH> oS

« Few-shot model U4 ¢S patterns ,, generalize < o 00 s 230 yuo [i,S defaults julli juo Tl 05
» Few-shot extraction tasks e hallucinations 00 Sw ,S oS

Key skills:

« Ambiguous scenarios 04 [IS rationale 4-2 gilw [0S targeted examples .o

« Output format (location. issue. severity. suggested fix) Ollg (ilgS> examples oS Joliv
» [wwl examples ¢> 1o acceptable code patterns gl real issues (uilgS> (9,9 Jro

» calixe structures Ollg documents cuw ;> Oaw extraction S examples o

4.3 tool use 9l JISON Schemas glw (IS Structured Output
Enforce U,S

Key knowledge:

« tool_use with JSON Schemas schema-conformant output gl Ous ciiloio S JISON syntax errors ei>
O cuw IS 05,8 reliable 00 Oay o

* tool_choice: "auto" s model text {00 iSw S pwlg "any" T.oﬂ Owl yao tool call g i )S
{00 forced selection specific tool 00 i 1S «axiio

« Strict JSON Schemas syntax errors ,5e (0 S ei> semantic errors juiSs, p«; (totals (il puls
values lal¢ fields o)

« Schema design: required vs optional fields! enums ilw 0S “other” + detail string extensibility OJ OS

Key sKkills:

« JSON Schemas gilw S extraction tools define jol ,,,S tool _use results Ow data parse Gu,S
* Jaxie SChemas g5 gl structured output OJ 0S [ily sy, tool_choice: "any" S Jlosiwl

Specific tool call force ,,,S: tool_choice: {"type": "tool", "name": "extract_metadata"}

« Source Lo information Guo w g0 S Higd [i values fabricate OJ 0 Oilxy Oaw Uig0 fields
optional/nullable S,



» Extensible categorization OJ 00S "unclear" gl "other" [Owu> enum values + detail fields Jlosiwl

oS

4.4 Extraction Quality [0J (IS Validation. Retries. ,¢l Feedback
Loops Implement U,S

Key knowledge:

« Retry-with-error-feedback: correction guide OdJ 0 ;S retry prompt .o concrete validation errors

oS Joli
« Sl information source g5 o1 i [ 29790 Luo retries (a0 Oig Oasle O,
« Feedback loop design: finding ¢S trigger Ylg [0; ,S pattern ( detected_pattern ) track S

« Semantic errors (totals reconcile Uig[0 u[1i) OLlaas syntax errors (s> tool_use [w address Uig[]
)
U

Key sKkills:

« Original document. incorrect extraction. sl specific validation errors gilw OIS follow-up prompts s>
o > retry o[ Ox5le O, (required info 9 0 external document [0 Luo) oS ez lui S Gl o5
« False positives analyze [0J 0S i ;S findings juo detected_pattern fields yo,S Joli

« Discrepancies detect 0J 05 [0; ;S calculated_total sl stated_total usig> extract S ,S self-
correction design S

4.5 Efficient Batch Processing Strategies Design S

Key knowledge:

« Message Batches API: 50% savings. 24-hour & processing window. latency SLA guarantee (u[l;

« Batch processing non-blocking tasks (overnight reports. audits) 9! 00 cuwlio OJ OS blocking tasks
(pre-merge checks) i OJ 0O

« Batch API &l single request o multi-turn tool calling support b,S ja;
« custom_id fields batch ;x| 0OS request/response correlate a0 v ,S

Key skills:

Blocking checks [0J [0S synchronous API 4l overnight/weekly workloads OJ 0S Batch APl Jlasiwl
oS

SLA needs :Uao (IS batch submission cadence plan (S (30 Wie-hour guarantee 24 0, OS-hour
processing 4 gilw 0S-hour windows)

Failed documents (identified by custom_id ) [0,Lg> ¢S il L8 e submit OS S failures handle .S
« Large-scale processing [0, Ow sample gLw OS prompts iterate (oS



4.6 Multi-instance gl Multi-pass Review Architectures Design

LS

Key knowledge:

« Self-review limitations: model ;| reasoning context ¢S ygbaud il 4ol OO LigS, lw challenge S [0; ;8
00 beO oS5 0ol

« Independent review instances (generation context ,u%, 0S) subtle issues ud g jilds juo i xS s

« Multi-pass review: per-file local analysis + cross-file integration pass attention dilution 00 Ulz, Oww

Key skills:

« Changes review [0J S [; ,S generation context s [0S second independent Claude instance Jlosiwl
oS

« Multi-file reviews ¢S per-file passes + integration passes USU S owmss o Cross-file dataflow
analysis OSuw g0

« Self-rated confidence gilw OS verification passes [0S S Jlosiwl reviews oS calibrated Ow D4yl route
oS

5 os093: Context Management 4l Reliability (15%)

5.1 Critical Information [OJ [0S igS, lbgax0 Conversation Context
Manage U,S

Key knowledge:
« Progressive summarization wl,la> 0S: numeric values. percentages. 55l dates vague summaries o

+ Lost-in-the-middle effect: models long inputs (50 ¢S 51 sl g9 ui OIS reliable Ouw Dy ko process O ,S
08 Ol oS (a0 findings miss Lu0 DiSw S

« Tool outputs relevance o OLlas S context o disproportionally ([0 DiSw ¢[] go> (40+ fields 5 c>
sl L)

« Subsequent API requests uo full conversation history cue0l S Hixugs

Key skills:

« Transactional facts ¢S summarized history | 0L O persistent “case facts” block jJIG jao
« Verbose tool outputs ¢S relevant fields s trim (oS

« Key findings ¢S aggregated data o g9 4 S explicit section headings ugS ) @lw O

» Subagents Ow structured outputs .o Metadata (dates. sources) yuilg S Joliv



5.2 Effective Escalation Patterns Design ¢l L ,S Ambiguity
Resolve S

Key knowledge:

« Suitable escalation triggers: human S explicit request. policy gaps/exceptions. Ll ¢ [i <9, Giuw
« Immediate escalation (explicit request) 0L lao, attempt-to-resolve (agent scope sl 0IS)

« Sentiment analysis 5| model confidence self-ratings case complexity [0S unreliable proxies [

« Multiple customer matches [OJ 0S heuristic guessing Osl=, 05 additional identifiers Lui0l> 0l

Key skills:

« System prompt Lo explicit escalation criteria few-shot examples s> @lw OS
« Human S explicit request 9lal juz ¢S investigation TJS_é 0S execute yu,S

* w> policy S specific request OJ [0S ambiguous L silent g5 400 escalate (oS
« Tool results L multiple matches s ys[1 additional identifiers (.S le

5.3 Multi-agent Systems .o Error Propagation Strategies
Implement U S

Key knowledge:
 Structured error context (failure type. query. partial results. alternatives) coordinator ¢S smarter

recovery 00 Ly»

« Access failures (timeouts retry decision .0 Uil0lz) gl valid empty results (no matches) ju,S (9,9 Lo
« Generic error statuses (“search unavailable”) coordinator (. valuable context (.00 Do Lg>
« Silent suppression &l L failure |9, 5 workflow abort ysig> U ,S anti-patterns (a0

Key sKkills:

« Structured error context S Jwls: failure type. LS attempt LS LS. partial results. possible alternatives
« Access failures S valid empty results S Sl Ouw

« Transient failures OJ [0S subagents o local recovery s o {,,S non-recoverable errors partial
results gilw OS propagate .S

« Synthesis uo coverage annotate ¢ b gzl LS : oS supported ylOS 9l OO gaps yad 8L

5.4 Large Codebases Investigate «idg (i ,S Context Efficiently
Manage L ,S

Key knowledge:

« Long sessions e context degradation: model unstable answers Lo gaxo gl 00 L& Oy classes OS
Oilx “typical patterns” OO lu> Ollg> S

« Scratchpad files key findings ¢S context boundaries (.0 OigS ) bbga=o L S

« Subagents ¢S delegate U i ,S verbose discovery output isolate 00 > ¢[00



« Structured state persistence crash recovery 00 il Soo

Key skills:

» Specific questions [0J [0S subagents spawn [0S.> .S high-level coordination main agent ugS, Jso
o« Key findings uo x2s ol DigS, bogax=o refer OJ OIS i ,S scratchpad files S Jlosiwl

« 181 phase S subagents spawn 010, Ouw 0;,S key findings summarize .S

» Long investigations ¢l 9> [0S context usage OJ [0S [0; ;S oS /compact ;S Jloziwl

5.5 Human Oversight ,4l Confidence Calibration gilw OS
Workflows Design U S

Key knowledge:

Aggregate metrics (97 W% overall accuracy) specific document types L, fields JiSaw ez sug oS
0
(0

Stratified random sampling high-confidence extractions .o error rates measure 00 G,S
 Field-level confidence calibration labeled validation sets sy 5 00S

« Automation 010, Ow document type 4l field segment Ow o Llw> [0S accuracy validate (o,S

Key skills:

« New error patterns detect 0J [0S 0;,S stratified random sampling implement ,,,S
» Stable performance validate [0J 005 ;i S document type gl field Ow o lw> [0S accuracy analyze oS

 Field-level confidence scores output gl .S labeled data U=, ,5 S review thresholds calibrate . ,S
» Low-confidence L, ambiguous-source extractions human review 9 ,bb S route .S

5.6 Multi-source Synthesis 1 Provenance Preserve j5l U,S
Uncertainty Handle U ,S

Key knowledge:
« Summarization yl,g> OS attribution ,31 00 (sl> ¢S “claim — source” mappings ,s[, i bgaxo
« Aggregation yl, g5 S structured mappings iz il ,1,8 0

« Conflicting statistics ¢S arbitrarily | value Oil=, 0OS i 1S caxiio attribution slw OS conflict annotate .S
0S handle s ,S

« Temporal differences ¢S contradiction [J 0S Uiz Duww Oig=ouw publication/collection dates S Joliv

Key skills:

» Subagents Ow “claim — source” mappings (URL. document name. quotes) output ,uilg S
« Reports S stable findings sl disputed ones S| o structure S

« Conflicting values ¢S annotations gl g5, lbgaxo gilw US reconciliation OJ S coordinator > ¢S
« Correct temporal interpretation OdJ [0S publication dates .S Joli



« Content type g:Uas S render S financial data tables 0. News prose . technical findings
structured lists Luo

Claude Certified Architect — Foundations
Certification

O obis oS 586 Gilsiol 5,15 puw) 358 Dlas

3 las

Claude Certified Architect — Foundations ,[0L &I 0S 00 (v ,S e S wb gwl puinSaays ,w Claude-
based cuw > eadg Uil J> trade-off yliel U, D00 iSw S OLays Claude Code. Claude Agent SDK,
Claude API. 5l Model Context Protocol (MCP) > juz ol iSs ol Oy wieg — 00 lins 55 ple ol OS
Ow Claude O a0 Wl S b Syl ouinS39 0 @lw OS

OJ 0S &g yoianS 1 a0 Oigd (ino u ugolilaio O Wis (iws> wYlew OS plisl agentic systems Ll
multi-agent research pipelines LS il 45, Claude Code ¢S CI/CD LS Joliu Lo developer productivity
tools Ouw wljuglows Hizlw jue gl Ly structured data OWLS

)I_’.}*DI JLD

il lsauel Jlie solution architect o> 00 Claude gl 515 jisuSalyl (uiaS3e 0y @il OS ship T 000 b8

0L Lel Oy clos 1S Ol 6 o5 1 o5 gwl, 05

« Claude Agent SDK — multi-agent orchestration. subagents ¢S delegate L ,S. tool integration. lifecycle
hooks

e Claude Code — CLAUDE.md. MCP servers. Agent Skills. planning mode

« Model Context Protocol (MCP) — backend integration 0J [IS tools 4l resources

 Prompt engineering — JSON schemas. few-shot examples. data extraction templates

« Context windows — | jugliws ual. multi-agent context passing

» CIICD pipelines — automated code review. test generation

« Escalation and reliability — error handling. human-in-the-loop

Haol 39

pd S Jlgaw Multiple choice (4 cuw o 1 Ow Gyao)



Si oSl 100-1000 scale. passing score 720

Guessing penalty (o Cloz S Jlgw L,0O) Lalli

Scenarios 8 4 O Lo (randomly selected)

32093 5 dlgo silxuisl

b

U095 UJs
1. Agent architecture and orchestration 27%
2. Tool design and MCP integration 18%
3. Claude Code configuration and workflows 20%
4. Prompt engineering and structured output 20%
5. Context management and reliability 15%

ol jlaio ilxiol

Scenario 1: Customer Support Agent

Sl ol agent o> 0 Osliy, Claude Agent SDK 5600 5,5 Jlasiwl returns, billing disputes. sl account
issues [, 000 Wlguiw agent MCP tools ( get_customer , lookup_order , process_refund ,
escalate_to_human ) 80 w9200 00O b,S Jlosiwl%+ first-contact resolution cuwlis (00 escalation 05
Deilw

Scenario 2: Claude Code glw S Code Generation

I Claude Code S development L. 05,8 Jlasiwl OJ OS 0;,S .5 code generation. refactoring.
debugging. documentationU.l ¢S I O custom slash commands | CLAUDE.md configuration lw S
integrate 9! .00 LS planning mode 000 ligzow ¢S5 Jlogiwl OS

Scenario 3: Multi-Agent Research System

&l coordinator agent specialized subagents oS tasks 00 Liuigaw: Web research. document analysis.
synthesis. sl report generationgS eiwaw O citations Oui0lz isS Hls pud 9 JoSo @ilw OS

Scenario 4: Developer Productivity Tools

0, agent engineers oS unfamiliar codebases explore [; S, boilerplate code 5! .[ili, routine tasks
automate 000 Ly a0 yao [i,S Built-in tools (Read. Write. Bash. Grep. Glob) 5l MCP servers Jlosiwl
0o OieO



Scenario 5: Claude Code for Continuous Integration

Claude Code ¢S CI/CD pipeline OSG .S e yeo automated code reviews. test generation. gl pull
request feedback Ug0 Jol> Prompts OS Luille Oiu Oawl false positives Ougl o5 Ow o5

Scenario 6: Structured Data Extraction

00 WS wloglro v wljugliws Hizlw jub el output 5 ISON schemas Us, 5 OS validate .00 U,S
sl high accuracy Owl 000 LigS, 1,8, edge cases Oyl Oidlguiw 4 el caw o

Scenario 7: Conversational Al Architecture Patterns

| multi-turn conversational systems se > sl 05, 55 context window management. >asie turns
oo instructions L0, ,1,8 5 IS, memory strategies. bbgaxo execution [J OS tool design. slaie b olw sl

user inputs 000 Joli Wlguiw oS

Scenario 8: Agentic Al Tools (U5 o0 sula — s 729290 dlg0!)

owl scenario Ollg Ous pliel gMbl S candidates jwl S el O, oS 00 s> Ui guide Guli Joliv o

ol e Olxiel Lol i LI 81 000 scenario a0l o5 vl 08 wYlguw OS GitHub Issues e share (S
JoSo o0 OSL coverage ;S s,k S Olxiol 62 5 0,5 530 S pazui wl 50 0oles S T O puSaw S Jolis
0oo o,

S slge OO0 e g o U 05 (wbolS Guo Olxiol o5 OIS Gz 00 6,8 oy Oy ks ol Oy Haa> O,
technologies sl concepts (ilxiol 05 0; .00 LS b caw i §ullas 05 domains ,0 Duw wl — gulas OIS topic
OO i g=oww 6)D§ oS

1 oL: Claude APl — Model Interaction uoliy S

wljugliws: Messages API | Prompt Engineering

1.1 API Request Structure

Claude API & request—response model 000 b,S oS, Claude Messages API request [, Tos.o.& 4o
00 LeO Jo Lo


https://github.com/paullarionov/claude-certified-architect/issues
https://platform.claude.com/docs/en/api/messages
https://platform.claude.com/docs/en/build-with-claude/prompt-engineering/overview

"model": "claude-sonnet-4-6",

"max_tokens": 1024,

"system": "You are a helpful assistant.",

"messages": [
{"role": "user", "content": "Hi!"},
{"role": "assistant", "content": "Hello!"},
{"role": "user", "content": "How are you?"}

1
"tools": [...],

"tool_choice": {"type": "auto"}

53le L01:

model — model selection ( claude-opus-4-6 , claude-sonnet-4-6 , claude-haiku-4-5)
« max_tokens — response [l Ow 0ol Lo tokens

o system — system prompt (model e x2S ig, OIS)

« messages — conversation history (full history 00 (s_ g o Lizxags)

» tools — available tools S definitions

e tool_choice — tool selection strategy

1.2 Message Roles

messages array g> conversational roles &l gl instructional role OO b,S Jlosiwl:

e user — user messages. Jgoxin tool results (S| 0, user -role message ;x| OS tool_result
content block Sl Sl « a0 05> DOzugs Lo ©ygue S tool role yuldi sl 0IS)

« assistant — model responses (history julJ Digd Joliv cwidg Hixugs): Jgoxins toOl Use requests
( tool_use content blocks)

« system —top-level system field 00 LiSw > LS e D=y, OS (OL0, turn 00 L0 68Y D) L
messages o {"role": "system", ...} , b OSinline 00 LS > LS Jobi (05T Ouw Oladi Gl
wesaxo [0 g ¢SV placement rules LugSy> Oz — &b )

Tool results ¢S "tool" role UJlg message ! O, Obl> bxgs (uldi 4 sl OS user -role message jobo OS
0S puz oa0 Uils O=ue 4 content Sl yuo tool_result content block 00 bg[d Joliv:

{
"role": "user",
"content": [
{
"type": "tool_result",
"tool_use_id": "toolu_01...",
"content": "..."
}
]



system cuwl, 001, messages array &l g gwo role o 0i 00 iSw o0 ,0Us el 05 top-level
system parameter sxaiss IS ywl 00,5 0S top-level system field 0S cached prefix ¢S invalidate jus, (S
conversation gl > 0S instructions yogaxo 05 ywl OO0 U,S Joli placement rules ju0:

o Kl 0, user turn (Uso ymz O Jsosiy tool_result blocks ysld) L server tool use Ollg Disd piz
assistant turn 00,00 Ul asy [,e9 OS
o wwS [, assistant turn |, 0,0l U 010, Ow array =1 S element 00,00 L

o S O, tool_use block OS Lul ,gl tool_result 400 ,, 0i,S Luyl — iSw T (a5 0le,o OS error Lile
uod

o Olls Oil Lso 22y system messages (Jsesins conversation OsS (.S Joli ol 0S) sy sl o uslls OIO,
0S turns O4J 0OS top-level system field O a0 OigS ) cubgd

>0 tol 201 APl request JoSo uo conversation history [ u=ug: Model requests gl > OS state bbga=o

50 (ligS, a0 call D00 wosd lj]

1.3 stop_reason

Claude API response .o stop_reason 0S 00 bl > OO L0 model 55 ygaS Ui

Value Description Action

"end_turn" Model W S JoSo wls> Oi user yu5leSs Oz oS

"tool_use" Model tool call OO kO tool jgl JM> result oo Gl
"max_tokens" Token limit S ¢ i response truncated ‘00 limit a0 OiSw b 3
"stop_sequence" Stop sequence &8 Jo application logic §:Uao [0S handle S

Agentic systems uo "tool_use" gl "end_turn" o0l Ow www signals 0, — us[ loop control 0i,S
OusO
1.4 System Prompt

System prompt o> Kl instruction o> [0 context ol behavioral rules O, OO0 b, uxis:

« messages array Sl (s jui Dia> IS system field 00 bl> by Guo

user messages 0 LgS ) wubgd o

role. constraints. gl output format 00 bg Jlewiwl OJ 0SS caoliog S

201 OJ 08 yliel: system prompt S wording tool selection Jle OO0 iSw S yilio yu yglo o)l us oS
Oxad" 5 jelo OS customer culad cawaz "Go)S §uuai S model S get_customer ol Ow w9 0
000 iSw G Oy 05,8 Jlasiwl



1.5 Context Window

Context window ¢io JS Og (tokens) D> OO0 model juo cadg Kl process Joliv guo pwl 000 LiSw S
.

o System prompt
+ JoSs message history
 Tool definitions

e Tool results
leu.l.o p.|:||:

1. Lost-in-the-middle effect: Oua) input S Oliod 1 s yiso (ol wloglre S plus| gl ;LT OS
details miss 0 ueS,) ore ,31 b go i wloglse all :d> el (iSaw 50

2. Tool results ,0 :Lgd ga=> IS tool call context uo output 31 000 (S Joli tool 40+ fields s
o usll 015 L o ,Ss O, context 000 Lg g5lio

3. Progressive summarization: history compress ,, [1; ,S numeric values. percentages. ;5! dates ,iS|
vague O a0 wils o0

2 ul: Tools 9l tool use

@l jugliwo: Tool Use

2.1 tool use OO LS

tool_use [g mechanism Os,5 0OS > 00 Claude external functions call 00 iSw S Model 001,
cawl, code Oy — Lz s structured tool call IS I ‘00 Ll code Ol execute 0SS result b,S Gals
gon

2.2 Tool Definition

[ tool JSON schema [Os,,5 US define OO bgO:


https://platform.claude.com/docs/en/build-with-claude/tool-use

"name": "get_customer",

"description": "Finds a customer by email or ID. Returns the customer profile,
including name, email, order history, and account status. Use this tool BEFORE
lookup_order to verify the customer's identity. Accepts an email (format:
user@domain.com) or a numeric customer_id.",

"input_schema": {

"type": "object",

"properties": {
"email": {"type": "string", "description": "Customer email"},
"customer_id": {"type": "integer", "description": "Numeric customer ID"}

iy

"required": []

Tool description oG 201 OS:

1. Description [ tool selection s>Lis S mechanism OO0 Minimal descriptions lale selection (i cauw IS
00

2. Description S Joli 0, Guo: tool 00 b, Suwle LS .00 LS LS. input format 00 LS. edge cases LS
O0s0 Jlosiwl <8 O, gl «yald

3. Overlapping descriptions U juz Haw

4. Built-in tools 9| MCP tools o overlap g5 o0 MCP tool O sy quoly gl ,ills ¢85

2.3 tool choice

Value Behavior oS Jlesiwl S

{ "type": "auto" } Model 00O U,S Ol >9> ple default

{ "type": "any" } Model stoﬂ S tool call S > structured output

{ "type": "tool", "name": e tool T.o)y call Ss00 forced first step / order OOS
"extract_metadata" } Oy

2.4 JSON Schemas for Structured Output

JSON schemas gilw OS tool_use U,S Jlosiwl Claude O structured output Ouw cuw IS Oid reliable
0, 000 Oaylo syntax errors gl OO0 U,S oS required structure ,8 .00 b,S 38U semantic correctness S
Olgs yaldi cwiloso

Design Jgol:

1. Og b 0 fields required O ui0lz Oido Duwa 92> (agS)
2. HiSew missing data 04 OS nullable fields Oy, Jlosiwl
3. "other" gl "unclear" Oamu> enum values OSU S Joli information Os0 s glo



2.5 Syntax ¢l Semantic Errors

Error type Example Mitigation
Syntax Invalid JSON. lalc field type JSON schema gilw OS tool_use
Semantic Totals match ;S ,ui. value lalt field Lo Validation checks. feedback retry

3 wl: Claude Agent SDK — Agentic Systems Ly,

wljugliws: Agent SDK | Hooks | Subagents | Sessions

3.1 Agentic Loop

Agentic loop Lo Claude OSL (> (i wls> 9 0 actions S sequence OO GMz:

1. Claude S tools gilw OIS request Luug

2. Response 4

3. stop_reason ;S 2!
o "tool_use" - tool yuMz. result history O,Lg> g1 0dI5 Luo request
o "end_turn" - task Oxuii «JoSo USEr (ud 5

4. 5,05 S5 Tisl JoSo

<) signal: completion OJ 0S stop_reason == "end_turn" [ueSu> Text parsing L arbitrary iteration
limit 0 a5 sleicl Jils

3.2 AgentDefinition

agent = AgentDefinition(
name="customer_support",
description="Handles customer requests for returns and order issues",
system_prompt="You are a customer support agent...",
allowed_tools=["get_customer", "lookup_order", "process_refund",
"escalate_to_human"],

)

wsz ol name , description . system_prompt . gl allowed_tools [J Least privilege Oysll Jgol

3.3 Coordinator ;9| Subagents

Multi-agent systems S| hub-and-spoke topology ju ;S Jlosiwl:


https://platform.claude.com/docs/en/agent-sdk/overview
https://platform.claude.com/docs/en/agent-sdk/hooks
https://platform.claude.com/docs/en/agent-sdk/subagents
https://platform.claude.com/docs/en/agent-sdk/sessions

Coordinator
/ [ \
Subagentl Subagent2 Subagent3

Coordinator task OO U595 ¢S subagents 00 U5e> wili (00 ligw o8 .00 U,S waxiin. errors handle U,S
sl 00 user S final 000 LD, olg>

Jswol a0l: subagents (S context Og ‘00 L[ I parent history >e5 35> inherit 05,8 (a0

3.4 Task Tool

Subagents Task tool Os,5 OS spawn O u[0 Oie0 Coordinator [0S allowed_tools uo "Task" Lg[
00,0

Tuuo context passing:

e Task: "Analyze the document" (ull wIls

e Task: "Analyze this document. Full text: ... Output schema: ..." UU cuw,>

Coordinator &l response s multiple Task s 1x00) .00 iSw guge parallel subagents 0 a0 Soo

3.5 Hooks

Hooks lifecycle yogaxo 0S points , work O a0 05,8

PostToolUse tool result ¢S model 010, Ouw Oilzi0, S5 normalize 00 LiSw S

@hook ("PostToolUse")
def normalize_dates(tool_result):
return normalized_result

PreToolUse policy violation block 00 LiSw S

@hook ("PreToolUse")
def enforce_refund_limit(tool_call):
if tool_call.name == "process_refund" and tool_call.args.amount > 500:
return redirect_to_escalation(tool_call)

u+eS oLz hooks deterministic ! a0 UigJ prompt instructions probabilistic 0 s Critical business
rules OJ 0OS hooks 00 i,

4 oL: Model Context Protocol (MCP)

wlugluws: MCP | Tools | Resources | Servers


https://modelcontextprotocol.io/
https://modelcontextprotocol.io/docs/concepts/tools
https://modelcontextprotocol.io/docs/concepts/resources
https://modelcontextprotocol.io/docs/concepts/servers

4.1 MCP OO Ls

MCP &I open protocol ¢> 00 external systems oS Claude ol i 0S ywl 000 b 5e> O resource
types Ll

1. Tools — actions OJ OIS functions
2. Resources — context data (documentation. schemas. catalogs)

3. Prompts — predefined task templates

4.2 MCP Servers

MCP server Sl process ¢> [0 tools/resources expose OO0 LS Connect ,, Uig0 tools discover Oil> o0
sl a0 descriptions O a0 Higl Jlogiwwl §lao OS

4.3 Configuration

Project config ( .mcp.json ) OJ 0S o4

{
"mcpServers": {
"github": {
"command": "npx",
"args": ["-y", "@modelcontextprotocol/server-github"],
"env": {"GITHUB_TOKEN": "${GITHUB_TOKEN}"}
}
}
}

Project config version control {00 (gl Luo Secrets environment variables Oyl il 0w User config
( ~/.claude.json ) personal/experimental servers 000 (e OdJ O

4.4 isError

MCP tool errors uo istrror: true Oyu,S Jlesiwl Generic errors Uil S structured error oS pauls:

"isError": true,
"content": {

"errorCategory": "transient",
"isRetryable": true,
"message": "The service is temporarily unavailable."



4.5 Resources

Resources g data 9> (u[] agent juz action 00 liSw &%, 0,5 schemas. docs. content catalogs.
summaries], O exploratory tool calls Oy 05,5 oS

5 oL: Claude Code — Configuration |
Workflows

@l jugliws: Claude Code | Memory / CLAUDE.md | Skills | MCP | Hooks | Sub-agents | GitHub
Actions | Headless

5.1 CLAUDE.md Hierarchy

CLAUDE.md 00 iSaw 0y Usrlaww o

+ User-level: ~/.claude/CLAUDE.md — ! 9 0 User ¢3Y
« Project-level: .claude/CLAUDE.md L root CLAUDE.md — ¢ team OJ O

» Directory-level: subdirectories j.o CLAUDE.md — _og.a0 folder conventions

5.2 @path Syntax

CLAUDE.md uo @path O external files refer OSU 40 OiSw > OaS config modular o0

Coding standards @./standards/coding-style.md guo (uo
Test rules @./standards/testing-requirements.md ,uo (uo

5.3 .claude/rules/

.claude/rules/ rules oS topic Ow bl 05 organize ,gl 00 U,S paths [Osy,3 0S conditional loading
00 Luo:

paths: ["src/api/**/*"]

API files oy oS async/await 4l explicit error handling oo S Jlessiwl


https://code.claude.com/docs/en/overview
https://code.claude.com/docs/en/memory
https://code.claude.com/docs/en/skills
https://code.claude.com/docs/en/mcp
https://code.claude.com/docs/en/hooks
https://code.claude.com/docs/en/sub-agents
https://code.claude.com/docs/en/github-actions
https://code.claude.com/docs/en/github-actions
https://code.claude.com/docs/en/headless

5.4 Commands ¢l Skills

.claude/commands/ project commands OS> .00 OJ 0OS ~/.claude/commands/ personal commands
00J 0SS  .claude/skills/ _uo frontmatter gilw OS skills Ouu0 Gilo

5.5 Skills 9l context: fork

context: fork skill ¢S isolated context 000 UMz o allowed-tools [uw tool access jgl .S 29220
argument-hint [ required input 0. lo

5.6 Planning Mode

Planning mode % architectural ys4lsau5. multiple approaches. gl unfamiliar codebases .0, OJ OS
000 Direct execution guelg 9l U592z changes OO0 s, OJ OS

5.7 /compact g9l /memory

/compact context compress jol .00 L,S /memory notes gl preferences OO0 L sa0 Guo Oilguinw

5.8 Claude Code CLI for CI/ICD

-p / --print non-interactive mode 00 LgO Jlosiwl OJ OS:

claude -p "Analyze this pull request for security issues"

Structured output 0J 0S - -output-format json gl --json-schema OyuS Jlosiwl

6 oL: Prompt Engineering — Advanced
Techniques

wl jugliws: Prompt Engineering | Anthropic Cookbook

6.1 Few-shot Prompting

Few-shot prompting 4-2 .. examples ,S [0 expected behavior O, 00O Ul> LLS> vague instructions Daw
0SG5S 00 580 0oL example ambiguity 000 U,S oS


https://platform.claude.com/docs/en/build-with-claude/prompt-engineering/overview
https://github.com/anthropics/anthropic-cookbook

6.2 Explicit Criteria

Vague instructions Oilx, S clear criteria LS : 0 flag LS .00 U,S ignore gl .00 L ;S severity DS decide
000 i,S

6.3 Prompt Chaining

Complex task oS focused steps ujsi Luo: lOcal analysis. ,q integration passtl, O attention dilution b S oS
uod

6.4 Interview Pattern

Claude Ow clarifying questions Ulsgz g, design ambiguity > gl pols .00 LY Hiolw domain
unfamiliar O[]

6.5 Validation and Retry

Extraction fail ¢5 40 original document. incorrect output. ,gl specific validation error gilw 0OS retry Os S

6.6 Self-correction

Model stated value 4l calculated value OIS ygigo conflict g5 [0 discrepancy handle O, ,S

7 oL: Message Batches API

wl jugluws: Message Batches

7.1 Overview

Message Batches API asynchronous processing 50 :00 OdJ [0S% savings. up to 24 hours window. |
multi-turn tool calling supported O.; custom_id O requests gl responses link O a0 [5g]

7.2 51,5 Jlosiwl S

Pre-merge checks sl interactive tasks OdJ [0S synchronous API. 0S.> overnight reports gl bulk jobs OS
04 Batch APl 0,8 Jlasiwl


https://platform.claude.com/docs/en/build-with-claude/message-batches

7.3 custom id

custom_id result ¢S original document [ 59> O, failures identify < o gl i S failed items O, Lg>
submit 000 by 230 yao 0i,S

8 uL: Task Decomposition Strategies

8.1 Fixed Pipelines

Predictable tasks [J US fixed pipeline Duuz S Jlesiwl Document — Extraction — Validation — Final
output[]

8.2 Dynamic Decomposition

Open-ended tasks o subtasks intermediate results 0 a0 Oii y obis S

8.3 Multi-pass Code Review

Large PRs O4J OIS per-file analysis ax, S cross-file integration pass OSU S attention dilution Og[0 oS

9 oulL: Escalation )9l Human-in-the-Loop

9.1 .S Escalate ., ,S

Explicit user request. policy gaps. progress Ls[ 0. threshold 4l Ow financial action. L ambiguous
matching wo w90 S escalate [ ,,S Sentiment analysis ¢l self-rated confidence unreliable 00 .0
9.2 Escalation Patterns

Oliwe 010, resolve [31 ,e xS JiwsivsS S i, policy gap L, explicit insistence g5 ¢[J human ¢S hand off
DS

9.3 Structured Handoff

Escalation ,, customer ID. issue summary. actions taken. ,¢l recommended action (SG .S Joli human
operator JoSo o5 context 0L



9.4 Confidence Calibration

Field-level confidence scores. calibration on labeled data. sl stratified sampling 0.5 Jlosiwl

10 < L;: Multi-agent Systems .0 Error Handling

10.1 Error Categories

Transient errors retryable .. validation errors input fix (.0 L. business errors policy-driven sl
9l «o+0 permission errors generally escalate 0 s wl> &S

10.2 Anti-patterns

Generic “search unavailable” response. silent suppression. |4, L workflow abort 000 0> glas U,S
Structured errors U yu,S ol

10.3 Structured Subagent Error

Structured error uo failure type. attempted query. partial results. alternative approaches. ,5l coverage
impact 0y S Joliw

10.4 Final Synthesis .0 Coverage

Report suw 0sS US juS riolyg yeo sections fully covered uw sS «ad partially covered ylOS gl « a0
gaps Oy 8L

11 < L: Production Systems .o Context
Management

11.1 Facts Separate Block o

Transactional facts ¢S persistent case facts block OSU ugS, oo SUMMarization >g>9L OIS critical data gilo
Oe0 O

11.2 Tool Results Trimming

PostToolUse hook s o O relevant fields 0 ueS



11.3 Position-aware Input

Important findings sl e &9 ui action items OSU LugS ) ywe > lost-in-the-middle effect g oS

11.4 Scratchpad Files

Verbose findings scratchpad OSU (ueSJ yao lONg investigations Lue context 000, bbgaxo

11.5 Subagents ¢S Delegate L ,S

Exploration subagents gl (s> s Main context b uo juo SuMmary 0 ueS )

11.6 Structured State Persistence

0 agent | state manifest L JSON file Luo export OSU 0,5 crash recovery Og[] (Sow

12 oL: Provenance LgS) bbgaxo o5

12.1 Attribution Loss

Claim &Lw S source URL. publication date. ¢l confidence 0 _gS ),

12.2 Conflicting Data

51 sources calixe values ¢S Usigs g5 Lo attribution gl LueS) bbgaxe ilw OS conflict flag 0y ,S

12.3 Dates

Temporal differences S contradiction U100, Ow Hig=oww publication dates 0 1S

12.4 Content Type §:Uas OS Render

Financial data tables .. Nnews prose _uo. technical findings structured lists gl . 1o time series
chronological order 0 ,i5gS> Jao



13 oL: Claude Code (IS Built-in Tools

13.1 Tool Selection Reference

Task Tool Example

pattern Ouw file U,S S5 Glob **/* . test.tsx

file contents o search Grep function name, error message
file Lin 5 Read analysis O0J 0O

L file Ly Write scratch Ouw

precise edit Edit unique text match

shell command Bash git. npm. tests

13.2 Incremental Investigation

cuw gilw Sl files 010, ! a5 O entry points. g, usages. g consumer files 0 g

13.3 Read + Write Fallback

,S1 Edit fail o5 o0 Read (sl «,S programmatically g « S Write 0,8
. b . b . -
Lsa> I UGS (409D uu'.?uol

1 e093: Agent Architecture ,gl Orchestration (27%)

Agentic loops. coordinator—subagent architecture. Task [l=,,> [0S spawning. hooks. escalation. gl multi-
step workflows 0SS puSed
2 :y093: Tool Design 9l MCP Integration (18%)

Tool descriptions. tool_choice , JSON schema output. structured errors. MCP servers. resources. gl
built-in tools [ jugzow oS (9,9 OS



3 (s093: Claude Code Configuration gl Workflows (20%)

CLAUDE.md hierarchy. .claude/rules/ , commands. skills. planning mode. context: fork , ;9| CI/CD
integration 0.0 o0l

4 093: Prompt Engineering g9l Structured Output (20%)

Few-shot prompting. explicit criteria. prompt chaining. validation/retry loops. JSON schema enforcement.
9l batch-friendly prompting 0 uo O>¢5

5 os093: Context Management ¢l Reliability (15%)

Summarization risks. lost-in-the-middle. trimming tool output. confidence calibration. escalation. |
provenance preservation 0 .S, oL

Scenario 7 wYlgw §ue [IS: Conversational Al
Architecture Patterns

61 Jlgw

0S I :Jlx 90 remove_team_member tool ue execution IS el il Ol0, Ow preview OJ OS 0; ,S
dry_run: boolean parameter OO0 Production monitoring 0S 00 Ugd pglzo O agent cawl, Ol
dry_run=false lw 0S call 0S S preview step oS bypass ,0 05 00 Lly sy Oy o8 1 000 LS
deletion | 010, O preview Oau> o0 user Ui explicitly confirm Og0 LS

slaicl L5 Ow caw approach SO0 (aanigS

« A) Server-side validation ¢> S Jols dry_run=false wdg sl 9,0 allow 60 Olgzny w> 0,8
seconds ylwSy yao parameters gilw 0S dry_run=true call Og0 (g0

« B) Tool ¢S confirmation ,; ,elo S w9 4o S annotate 5l s S orchestration layer ¢S configure oS
s annotated tools ¢S calls forward 010, Ow ;S user S approval 005

« C) Tool description Juasi (o instructions gl few-shot examples Luo o> LS Joliv agent Odloo Oaw
010, Oxkwed Og OS ¢0 dry_run=true Ouw call 00,5

« D) g> tools U replace ,,,S: preview_remove_member impact details Sl gl single-use confirmation
token 00 U,S yulg execute_remove_member [g ¢S token OO LS5, execution ¢S preview U bind
[caw,5] OO0 LS

D ugsS: Token-binding approach [, O architecturally 010, 0S 00 bl> o0 ool preview jus, OS
execution ¢[J — execute tool ¢S literally Og token é o 9> Uil0l> preview tool [0 generate 000 LSw S
x>lg O, approach ¢> 0O LLM instructions sl S (C). timing heuristics (A). L orchestration infrastructure
(B) Oslx OS ,Laxil ,, code level ,, constraint enforce 000 i ,S



62 Jlgw

J 901 Production monitoring IS I 0 00 Usd pglze O search_catalog tool 12% s fail s
8 :00% network timeouts ¢=> L retry 4 9l . ;a0 Ois0d o lwelS 4% query syntax errors (wesS s> JalJ

usigd JI 8 O0igd Luldi wlslS error types Ouw Uiyl o lwsSs return Ox5 0, Oaw ez el Uig0
retries U ul gl

I tool S error handling DS modify SOS S

A) System prompt o few-shot examples ¢> S Jolis demonstrate 0SS network errors gl
syntax errors Oy ;S OaaS (9,9 Lo

» B) ploi errors , uniformly exponential backoff retry logic apply 0 s,S

« C) Tool ,xl OS network timeouts [J S automatic retry with backoff implement !, ,S syntax errors gS
parameter validation details [cauw5] OpuuS owly sus9 @ilw O

» D) plos errors ¢S retryable boolean flag ¢l error type details 0u S pwly @lw OS

C ussS: Tool level , transient errors [J OIS retries handle zu=wo U,S abstraction boundary 00 — tool ¢S
error type Og 9l 00 ale sinsy yuo O,L OS deterministic retry logic implement jus, 00 LSw ,S agent
Oy 0S US ,Laxsl flag (D) interpret L 0,8 prompt instructions (A) follow OO, Uniform backoff (B) syntax
errors 005 usd Lulli ClolS (esS s> OO LS gl cadg

63 Jlgw
Jlx g0 INvestment strategy (S [0S 45588 (oS tUMNS us. USET s o LTS [; risk tolerance gl "00 oS el
Oigl Jao" »ge returns maximize (o juz uS Hexo" 100 ligz gy g ol "Ousl O LS invest SO0 LS

LuwigS approach 0S 00 bl gy Oaw Oayplo i, Oaw cauw recommendation user Lol S priority aw
Soll SKilll ol

e A) sl LY Diolw oS sl user [eaw ;o] 000 a0l Dol juz wiisS US rezer Daw
« B) usig» scenarios S| Sl OJ O recommendations 0S8 a0l 9

o C) S S Ol pre J5 Daw waw preference O 5 03T @il OS

e D) jux UsS J> oS slas balanced portfolio Oy ,S jug=i

A > 1gesS user S preferences gl bY Diolw sbas o5 «0s sbiaie cawl, Oy clarification »x>lg 0 Ll
0S 00 iyl recommendation user Og0 K0l o0 Ouw Osl,1 Lol S Returns maximize gl LS low risk
tolerance 000 L8 ,5 Obawd bl OJ OS5 o> pad Gl caloo LBL 5 el ol

64 Jlgw

Ji 900 Users (iS conversation turns (ue playlist preferences refine 000 Ui ,S User g=o" IS jazz
95 [0S iS00 xiwwy Messages azy. Claude Ow 0sS 5 OI" 00 ligz s genres § uld i

« A) Claude sS conversation memory OdJ 0 OigS, 41,8 4 vector database connection 000 8,5



« B) Model .S context window exceed 000 (S o0
« C) Claude API ¢S session_id parameter OO0 LS )
« D) oS | application messages array Olgzy jse Messages [caw,5] Ou, S ouldi Joliv

D ygsS: Claude ywl 05 server-side memory [0 — OO0 u[di API call stateless .00 000 request [0S
messages array JoSe s conversation history s [0S Joli. Claude Olgz, wl OS turns ole 89S IS
OLsO Lai Vector databases (A) ,9l session_id (C) Claude OIS architecture g5 ! ,ud ulli Dua>
messages [S exchange OJ OS context window overflow (B) D00 Sool

65 Jlgw

[0S eaio 40 :Jlxs 900 COOKING SESSION 225 (IS, conversation 78,000 tokens 000 (S @i, S5 History Lue
allergies. recipe scaling. clarified cooking terms. (wegas sl discussion wleglee a0l ¢S 1 O Joliv
0590 OigS ) bbgaxs tokens Oyuld Ui ,S oS

LuwigS approach preservation gl token reduction SU0 LigS, ulgs gurills olio,o OS

« A) g conversation history [y ;S Owo)s

e B) 20,000 OJ> O caw b o tokens [0 ugS

« C) 0l structured data (allergies. quantities. preferences) wgot S discussion gl . yu,S DM IS
OJ> exchanges ¢S verbatim [cuw,5] O eSS,

» D) JoSs conversation externally store gl S semantic search Hua> Dalsio O3 OS retrieve Oy .S

C ugsS: Hybrid approach oS Ouw cauw cost 0ol Ow cuw  valuable 000 (igS) bgaxo wlogleo Allergies
sl recipe quantities D> critical facts | compact structured block o extract ([ Oig[] (Summarization
0lyg> S precision loss 5400 Hilz Ow): (oges discussion summarize OJ gl .00 g1 exchanges
conversational coherence [J OS verbatim 0.0 0:i[0, Options A sl B oI dietary information JiSuw 945
!+ D &l cooking session 000 Oouzey ol Oaw w9 00 OJ OS

66 Jlguw

Ji,gue: Users Lol O ] 05,8 & 9., CONVersations ue assistant 0S 010, topics sl preferences IS
(oe2 g0 S I 000 liys 665 wlu> implementation 25 (s 51 < o message pairs 000 igS

2380 [aw caw solution SO0 LS

« A) Hybrid approach: Uil , messages UdJl> 0is0 05,8 Dol IS messages verbatim [caw ;0] O ueS)
» B) JoSo conversation history , vector similarity search
« C) Window 50 ¢S message pairs O sl 5 S5

« D)0 turn L dropped messages sl ;S DuoMs IS running summary O, 5e> 03T

A 0g:S: Hybrid approach 00 S J> oS ussls usigs S Dlime: exact recent context 00 igS) loga=o
(conversational coherence o0l OdJ 00S) S OL0, 04> preferences S compressed representation 1,6 .

000 wigS, Window Ll % (C) OO0 U,S sgile 95 Olime sl 9 0 Vector search (B) oI context ¢S miss
s> 00 wiSw S current query Oaw semantically Oe0 i 0, Lio



67 Jlgw

J&i gm0 Users s US juld 05,5 & 90, conversations 50 turns g5 ([0 Oigd Obl; Ow latency il &%
sl OO costs g

SO0 LS U>9 ol

e A)_O APl request s_g; @lw OS conversation history [caw,5] 000 (e Joliv
« B) Model gradually D) responses generate 000 G ,S

« C) History gilw S Uin % database operations Oy.0 il o0 cauww

« D) Model L processing Ylg < 9 00 S internal user profile 000 Gl

A 0gsS: Claude S APl , 9l JoSo stateless [0 — [0 request S messages array 9 guo
conversation history Dauwu> Oawu> 000 el i xS Joli conversations 0 . jud (x5 request 0ol
tokens ¢> .00 > OJ directly processing latency gl cost OO0 Lla 5 ugig> Model calls g5 Ol OS
internal state ligS, L+ (D 00O lale)O)

68 Jlgw

0S ugialo o 1l 90 Weekly sessions xs (S, conversation history 85,000 tokens v 000 &8 &% 6

user ;i 0" 0O ligz g isolation OS theme o5 "Slgi LS 35| O=uii LS yuo O,L OS assistant (Jg=, discussions
reference 000 lus wlle> ple Tilx 0S 05,8

80 Jaw cuw approach SO0 LS

« A) Rolling window truncation[]

» B) Key conclusions capture 5[] [1; ,S progressive summarization(J

« C) Relevant exchanges retrieve [0J 0S [0; ,S semantic embeddings[caw 5] O
« D) Discussion conclusions mark OdJ [0S 0; S structured XML tags 0.8 Joli

C ussS: Conversation history ,, semantic search x>lg approach S ugiulle i o> OO discussion ¢S scale
04> 00 wiSw S demand , specific relevant exchanges surface 000 iSaw S Rolling window

truncation (A) history 0.3 s S g5l Hua> isiuw IS Progressive summarization (B) discussions ¢S
abstractions s compress [0 (v ,S. specific conclusions Guo ,L O > 00 isd> oS users Ouall Higzgy

69 Jlgw

Ji g0 QAtesting ul,go OS. Claude 15-10 010, turns e System prompt guidelines follow .00 G ,S
0S xS responses o deviation 000 (sl T Conversation w2l token limits 000 a1 OS

oeilly solution SO0 LS

« A) Behavioral guidelines 10, ¢S user message S Jaiio yuo

« B) 20 turns i 2= IS conversation Oy ,S g9

« C) Conversation breakpoints , guidelines reinforce Ullg 0i ,S user-role messages insert [caw ;5] 0,8
« D) Non-compliant responses ¢S regenerate [1J S [; .S post-response validation 0,5 Jlosiwl



C ussS: Behavioral reminders IS periodic injection instruction drift 00 U,S ObL o «uwl, Ol IS, history
accumulate glw 0S Oig0 regular intervals , constraints re-establish OOS S Guidelines 010, ¢S user
message U S Jaiio yuo (A) 5 ¢l authority 000 LS oS Post-response validation (D) corrective 0S 0; OO
preventive 5l significant latency 000 S Joli

70 Jlguw

0S I :Jl yeu0 Al tutor 2,800 e-token system prompt o> U0 teaching methodology ! adaptation rules
define 12 000 LS turns ax 05, assistant proficiency levels OO0 Lo S g9 ui LS jlail dai o5

3o D wuw fix SO0 LS

* A)5-4 ,0turns Lo reminders inject 0,5

« B) Verbose rules ¢S proficiency-level adaptation demonstrate [l (i ,S few-shot examples U replace
[eaww,0] OoesS

« C) Critical rules ¢S system prompt 0 ugS, oee ,>1 OS

« D) Responses evaluate )31 sl .,S difficulty level match ¢ ¢ i regenerate 0, ,S

B ussS: Declarative rules 2,800 Ylg-token system prompt drift J 0S vulnerable 0S4.S OO abstract rules
0 turn yuo model O reasoning Ouad 05,8 Lolas IS Verbose rules ¢S concrete few-shot examples Daw
replace ¢> L ,S correct proficiency-level adaptation demonstrate . ,S. model ¢S match OJ 0S [1;,S clear
behavioral patterns (S [0, — 00 lu» turns Guo abstract instructions L Oaw reliably follow 000 LgO

71 Jlgw

0S I : i ,eu0 assistant ¢S enthusiastic tone (il (LigS, 1,9 5, reasoning explain sl .l ,S clarifying
questions [, 00 Oigz g, behavioral guidelines ylOS define § yuildlz gl

0, behavioral guidelines ylOS define §,uil0lz gl

« A) 0 user message 010, Ow prepend Oy ,S
e B) System prompt [cauw 5] O o
« C) 0l0O, assistant message U o

« D) Environment variables [ .o

B ugsS: System prompt ss: 1 sl (el> conversation Lo apply g Oigd persistent behavioral
constraints sl guidelines ,0 000 LS LS 15,5 OJ OS user message U,S Jolo 010, Ouw (A) redundant
overhead M0, 000 assistant message (C) unreliable [0SS4.S 00 model 010, Ol statements O deviate
000 bSw LS Environment variables (D) model S behavior OOJIS Gali sl

72 Jlgw

Ji, g0 Users repetitive response openings Ui ,S & 94, "lugld gug> oao i xS 230 yao™ sl "Migs," D>
Ol



80 [aw cuw approach SO0 LS

« A) Direct response opening gilw 0S partial assistant message append [caw,5] O S
« B) Temperature setting 0.5 o5

« C) Greetings OJ 0OS ;O responses oS post-process [y xS

« D) System prompt ¢l ywo phrases &S Uiz O instructions Oy ,S Joli

A ygsS: Assistant [S response oS direct Dw wleg i S wlg=> prefill b,S generation level ,, greeting
patterns 00 LSy, — model prefill Ow continue U Oilx, 00O b ,S opening phrases generate 0OS i ,S
System prompt instructions (D) oS oS4 px[0 wiSw S 23w reliable 0.0 Post-processing (C) &l fragile
workaround OO0 Temperature (B) randomness control OO b ,S. specific phrase patterns 0 a[d;

73 Jlgw

ol :Jxe00 Webhook S 1 system oS notify [0S 00 LS user IS package ship 0Su> 00 LS [0 user
actively chat 0S .0 Uil I 000 WO, S assistant 0181 Ol response e naturally 00,8 Jo Lis

oeilly approach €00 LS

« A) Shipping status ¢S system prompt 0 s ,S Joliv o

* B) 5,99 synthetic user message 0 _juixug

« C) 0 turn Lo assistant ¢S status tool call 0,8 jgazmo o [i,S

« D) Status update 0151 ¢S user message S prefix ,, sl OS append [caw o] OuS

D ussS: Status update 0I51 ¢S user message OIS prefix U,S Joliv ,u sl O flow S interrupt s, 0,
natural conversation boundary ,, real-time context inject OO b S System prompt modify L ,S (A) session
rebuild OO0 w9 e S Synthetic user message (B) natural dialogue flow ¢S disrupt .0 OO0 LSw S turn
uso tool call force U,S (C) eadg ywl wasteful > OO events rare Oy

74 Jlguw

J, g0t Users OJ 0 &,L" ST venue book Huw> " s S requests Oyl Oixags Assistant 4+ clarifying
questions 35 Duw ywu> 00 ligz¢:% abandonment 000 GO

LuwigS approach trade-off Uaw Uiyl ¢y ,ils oS improve SO0 LS

« A) Hidden defaults 0 5 03T glw OS

» B) plos clarifying questions | compound message [ 1291 Uro

« C) Assumptions explicitly ,sl ,iuS Ol corrections [eaw 5] O 5 03T D560 05,8 o0
D) Structured intake form 0 ,,S Jlosiwl

C ussS: Assumptions explicitly Lia 3y 05T sl LS oly user suio 15,99 oS response lale Oy 00 by
assumptions ¢S correct 000 LigS, ,1,8 0 cu>No S 05,5 Hidden defaults (A) user LS 0S il Lalli oS
assume OLS LS Compound question list (B) s g User Ouw upfront effort 000 S Lolas IS Structured
form (D) oS friction 000 b,S Jolaw 0ol il S



75 Jlgw

IS T :Jlxi,eu0 assistant contractor-persona system prompt lawl 000 b,S Jlasiwl turns rules follow
oS (e 05,8 turn 7 &S assistant generic advice OO0 Ly»> Conversation length 2,500 <9 0 tokens OO0

SO0 LS 029 DiSos (ol Daw canw

« A) System prompts e initial behavior establish 0.0 05,8

« B) Turns accumulate glw 0S Oig0 model S attention 000 (g )9 j0S

« C) Accumulated assistant responses system prompt ¢S il S dilute [cauw ;o] Oos 05,8
« D) System prompt 000 L bug LU Sl W 0

C Hawu> Duu> 1ggaS conversation history .o assistant responses ull Uig ga>. System prompt S
behavioral constraints ¢S reflect OJlg i S text IS proportion (g0 Din 5 assistant-generated content OIS
relative OO0 Ll L0 oS Model (594> token lengths (g u System prompt instructions 010, Oil Oslx OS
outputs [IS patterns OsL ¢S follow OO G ,S. drift ¢S compound OO0 bS8

76 Jlgw

J 9000 Users ol requests ol LS Dz a0 05,5 report § jul OiSaw S 336 se" Assistant (S
S ¢z9 wYlgw respond 00 b, (www 09S reportose LS ¢ deadline SO0 LS). 40 Ouw yu=>% abandonment
000 bgO

oeilly solution SO0 LS

« A) Reasonable assumptions ,a[dil « S explicitly gl S 0l adjustments [cauw ;3] 0 oS guSiim S
« B) Respond [l0, Ow [0;,S smaller model gilw 0S ambiguity classify 0,8

e C) Assumptions ,ux Ui olu predefined interpretations 0 s S Jlosiwl
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Exercise 1: Multi-tool Agent with Escalation Logic

Goal: tool integration. structured errors. 5l escalation gilw 0S agent loop Oysl



Exercise 2: Configuring Claude Code for Team Development

Goal: CLAUDE.md. custom commands. path-specific rules. ,5| MCP servers configure 0 S

Exercise 3: Structured Data Extraction Pipeline

Goal: JSON schema. validation/retry loops. ;5| Message Batches API gilw OIS extraction pipeline 0 sl

Exercise 4: Desighing and Debugging a Multi-agent Research

Pipeline

Goal: subagent orchestration. explicit context passing. error propagation. ,9l source tracking implement

DS

Appendix: Technologies and Concepts

Technology
Claude Agent SDK
MCP

Claude Code

Claude Code CLI
Claude API

Message Batches
API

JSON Schema
Few-shot prompting
Prompt chaining
Context window

Confidence
calibration

Key aspects
agent loops, stop_reason , hooks, Task , allowedTools
servers, tools, resources, isError , .mcp.json

CLAUDE.md, .claude/rules/ , .claude/commands/ , .claude/skills/ ,
planning mode

-p, --output-format json, --json-schema
tool_use, tool_choice, stop_reason, max_tokens

50% savings, 24-hour window, custom_id

required/optional, nullable, enum values
ambiguous scenarios OJ S examples
sequential decomposition

token budget, lost-in-the-middle

field-level scoring, stratified sampling

Out-of-Scope Topics



o Claude models S fine-tuning

» Authentication. billing. , account management

* _Uogaxo Programming languages luasi S implementation
» MCP servers S hosting/infrastructure

» Claude S internal architecture L model weights

» Constitutional Al. RLHF. L, safety training

» Embeddings |, vector databases S implementation details
o Computer use / browser automation

» Vision / image analysis

» Streaming API |, SSE

 Rate limiting 5| detailed API cost calculations

« OAuth 4l API key rotation details

o Cloud-provider-specific configs

» Performance benchmarks

» Prompt caching implementation details

» Token counting algorithms

Preparation Recommendations

. Claude Agent SDK &l @5lw S agent a5l

. Claude Code ¢S real project ,, configure s S

. MCP tools design gl test ,o,S

. Data extraction pipeline sl

. Prompt engineering practice s ,S

. Context management patterns ugSuw

. Escalation 4| human-in-the-loop workflows _ig=ouw

0 N o 0o b~ W N P

. Practice exam (S J>



