AIEBEIFIRZENT IHIZ

M AR / JavaScript FFA BRI Al Agent STEF L HIE

MEMBISEINERK LY, RAZEE Al Agent FFA$kBE

g&hmul—

A B B & ME R HE R
#;iz &

Al Agent FFEZ  MEFR, RFEHAE Al Agent ZOBER. Z2491% 112! Electron
12 SREN AL

Mastra I EF Mastra v1.10.0, RAEEXA TypeScript Al B & 1E

2 S

TEAR

[ Al Agent FFREIE

MEERZHE Electron S=2E Al Agent N3
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ED RE ME
Agent EX. M. NBZHE. KiE
%13 Al Agent iR
J pe x
- . LLM #E:&. APIER. WXfd. Zxt
05 KBS ISR TR %

&

RRRIER%IG. ReAct 23, System Prompt

H3E: RNETE it A A
%48 Agent BLZEH :};Act\ Plan-and-Execute. Reflection %2 S o
z;EZNMMnQWgﬁlE TEEN. HFEE. MCP iy %
% 6 E: RAG HZRIBRER FAENER. XADR. RAG LI AR AS A
F7E: iBIZ5LTXER SHA/KHRICIZ. HEESE. Token FE PAG A A
$E8E: % Agent HME k. WEBE. BHE. BIR%EN AR ABA
FIE: ERMFAAERILE Vercel Al SDK. LangChain.js. 1EZ2i%R! w
%5 10 Z: Electron 5 Agent 324§  5E¥Y SmartDesk Al SEEIN A DA AN
F1E: T2 BESMK LR, M. T899 % WKW
B 12E:. HAFRASER Computer Use. MCP £, ¥R %

B Mastra R T2

EF Mastrav1.10.0, ERPXFAENRFEHEEZRHIZ
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] AE

% 12 Mastra BhR 5 HRE £
=

EZRMTA. /i, IREE

52 F: Agent RERHT Agent BEE. M. WX, ElLEH
B 3EF:. TRRSKS MCP Tool B, MCP &P im/IRSS I

% 4F: Workflow TIERSIZE  FHIAR. K& EEME. &RE

URRTIZHE, LB, Working

Memory

% 5% Memory ITIZR%:

% 6 & RAG HZRIERERR XiHAE, REFME. WREN

BT7E: BERES TTS/STT. LEHEE. BARMHE
% 8 & HHS AWM #5388, Live/Trace Evals. Tracing
FoE: HESEFLK Server. =¥ &. Docker. £/=i58

HEF IR

F—Er (N
EhE (l)
E=FEg ()
EHE (%)
FHME CRN)
ke (5:4k)
FEME (£5)

AI Agent #i2
AI Agent #i2
AI Agent #i2
Mastra #i2 %

D N S R e 2

AR

% 1-3 &
% u-5 Z (Agent Z#9 + TEIAMA)

(BE2 + LLM + 2337)

%5 6-8 & (RAG + iglZ + % Agent)
1-4 & (248 Mastra EZZL)

Mastra #HiE % 5-7 & (i2IZ + RAG + S
AI Agent #HiE
AI Agent H#E % 11-12 & + Mastra HiE % 8-9 =

9-10 & (EZ5%R! + Electron NHA)

e IS JavaScript / TypeScript / Node,js (ESM)

o EMIEZLE: Electron

o Al #EZR: Mastra. Vercel Al SDK. OpenAl Agents SDK. LangChain.js

ME

PAGAY
PAGAY
PASAS L

PASAS A

PASAS A
PAGAY

PASAS
PASAS A

o 1R GPT-5. GPT-4o. Claude Opus 4.6. Claude Sonnet 4. Gemini 2.5, DeepSeek.

Qwen. Ollama Zsh&E A

o 1#MY: MCP (Model Context Protocol). A2A (Agent-to-Agent Protocol)
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License

MIT
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Al Agent AR #IE

E A JavaScript FFZE R Al Agent SEEF SERE

MEBERZEIMIE Electron SE Al Agent [ FH

ERiE

e & JavaScript / Node.js Bl
o Xf Al Agent FF& RS
o 7187F Electron REINFAHERL Al 88
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551 Z: Al Agent #fiR

£ 28 NESREEM

F38: BRiTE

55 4 5. Agent {ZIDZRH

%8 5 E: Function Calling 5T &

% 6 E: RAG RIEREM
F7E: BZE5LTXERE

8 E: % Agent HME

B IE: ERMAANERLL

% 10 Z: Electron 5 Agent 324§
FNE: £ HESRK

£ 128 ERASER

AR

RE

Agent EX. tAH. MBS, MR
B

LLM #1:&. APIEA. A, Zex
s

RRIER%I5. ReAct 23, System Prompt
&t

ReAct. Plan-and-Execute. Reflection %2

1

THEENX. FTEARB. MCP thHi¥

FEHNER. XAEDIR. RAG STEXLI
QHA/KERIZIZ. WEESE. Token T
mksk, WEE. BHE. FEIRZEN
Vercel Al SDK. LangChain.js. 1EZ2i%R!
SRR SmartDesk Al SE N
REe/iF. MR, TES K

Computer Use. MCP 4. FJBR4k

e IS JavaScript / TypeScript / Node,js (ESM)

o SHMEMEZE: Electron

o AlIIEZE: Mastra (E#). Vercel Al SDK. OpenAl Agents SDK. LangChainjs

ME

PAGAY

PAGAY

PAGAY

PASAS A
PASAS A
PASAS
PAGAY

PASAS A
PASAS A
PAGAY

o {%BY: GPT-5. GPT-40. Claude Opus 4.6. Claude Sonnet 4. Gemini 2.5, DeepSeek.

Qwen. Ollama ZiE#Y
o TEfi#: SQlite (better-sqlite3)

o thi¥: MCP (Model Context Protocol). A2A (Agent-to-Agent Protocol)
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REF 45

# MREXEE Node.js 20+
node -v

# GIRIE
mkdir my-agent && cd my-agent
npm init -y

# REIZORR
npm install ai @ai-sdk/openai

# %8 API Key
echo "OPENAI_API_KEY=your—-key-here" > .env

AIREM %E 1 E FRifix.

WEFIREF

AY

AI] > %1-3F (B + LLM + 1&7RiA)

Wity > SBU-5% (Agent Z#3 + TEEARA)
B > %6-8%Z (RAG + i2IZ + %Agent)
ML > £59-10%F (#E%E + Electron [F)
= > $11-12F (Refifb + 5IEREAR)

HIEEHTF 2026 £ 3 F, BFR#HIAl Agent A HE, Kz GPT-5. Claude 4.6, Mastra,
MCP + A2A XRIHX1EF,
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$—&: Al Agent #iix — MZIAIREEEE

1114 Al Agent?
—IEERRR. Al Agent (BRefx) ME—TEEEXRE, MR, RITHEN Al 2%,
R UBERRE— " BREIE":

EiEIX Al Al Agent
fRipl—4), E&—4 Fa—1 B, EECIRDTRETHK
P S BRIAAIA. =EXH. BEWR. BIFHEE.....
=HIBI BIRIZRSR, seidFZaifiEiESRKE
WTNPEIN Fapxl, BE RS BITIEERE

HEAMF

5@ Al K

fR: BERE—TIARBERHEXS
AI: dtFEARES, SR 15-25°C

Al Agent:

R BERARIBPRICR—BHF
Agent BE: HEE » oBFEXS » oREXRHERR > oBEXBRL » oEMITIER
Agent HfT: JAAXSAPI » BRIRREE » HAMEAPI » BESRETESSRE

1.2 Al Agent B9IZiI04ARE

—PNRER Al Agent BEEES UL MZOIEIR
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AI Agent

| | |
| KA | | T8 | | gz | ]

| Lm | | (Tools) | | (Memory) | |
| I | I

|
| . | |
| #%l | | =& | |

| (Planning)| |(Perceive)| |
| | | |

1. @ K (LLM - KiESHER)
Agent BIIZLVASSS|E, ARIEMALEE. BIESH. £REE. ERHNE:

e OpenAl GPT-5 / GPT-40 — &2/ EE IR

e Claude Opus 4.6 / Sonnet 4 — #IEF{LIZEE L HE

o Google Gemini 2.5 — ZIR&BESIFRK

o FFEHEE): Llama 3.3. Qwen 2.5. DeepSeek — T ZASHIZRE

2. &/ TR (Tools)

Agent B9"F", L ERESIMBHARE:
. E[E (Google. Bing)
o HIEFEFIRE
o N1HiRME
o APIARA (RS, tE. ®f.....)
o REBHIT
o NYIERIRIE

3. i21Z (Memory)
Agent N"Eieds", 99!

o FEHRIZIZ: ZHEIXHELTX
o KHAgIZ: BRENHANEE (BRRE. FEESSH)
o IFiBIZ: ESHITHHOIREIRES
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4. E] #%) (Planning)
Agent BY" KRREIZRM ", $AFR:
s BERESIFENTFES

o HWEHITIRR
o BEIKMBIEFML

5. ® ¥ (Perception)

Agent (Y"HE", fRIEMFHEIN:

o XAIEfE
o ERiR7!

o EHIRA!

o HthZIRTHN

1.3 Al Agent B9 T{ERIE

— N BAVEY Agent TIEfEIR (120 Agent Loop) :

BFRREN » BAEE > BZIL > EFSE > RIToHE > WRER > BERL » ...

FAACRS B LR IRAE -

10/295

> BhER



async function agentLoop(userInput) {

/1. RERN: EERAFEA

const task = understand(userInput);

/] 2. FIRERITETX
const context = { task, history: [], memory: loadMemory() };

// 3. Agent fEIf
while (!isTaskComplete(context)) {
[/ BE: DWHERES, RET—F

const plan = await think(context);

// 1380 EERHHPITIA
const action = selectAction(plan);
const result = await executeAction(action);

/] ME: BERMALTX

context.history.push({ action, result });

/ RE: THEREFEREITY

await reflect(context);
}
// 4. WHEARER

return generateResponse(context);

}

XFLEE RN ReAct (Reasoning + Acting) 1R=: BE - 178h - ML, BIFEFE.

1.4 Al Agent BB BifS

L/ 13U it

= ES PN/ ET R Cursor. GitHub Copilot. Notion Al
EiRMZBA ShpSEE Il BHhEITER. BRIGINIE

SRS Bl EiEH E iR S BRAESEHIEE. £RER
Bl TIER BREEMI®E BB RER. HBHFD IR

X EEUES HBNRIEF R RBBERL. Bug {85, Code Review
BIEER A e EHED XEEE, M4, &itHAE
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1.5 2025-2026 F Agent ER ERIIR

ek
1. MCP 1Y (Model Context Protocol) — Anthropic KfEIFFHARE, it Agent BEARAETL
HIEE S T BEMEER

2. Computer Use / JISI28421F — Agent AT LA EIZIR1ERINSAE (Claude Computer Use.
OpenAl Operator)

3. % Agent IME — 21 Agent D TEETEREFRES (CrewAl. AutoGen. LangGraph)
4, Ash{bERE — /MERIMBEERE Agent (Llama 3. Qwen 2.5, Phi-4)
5. Agent BIRIF — Agent M/SURE A BETIH ML

JS/Node.js £&HH) Agent TH
ER IS ARE, IFERZTANIA:

TH/{ES & LS
Agent 21%1E TS RE,
Mastra
S Agent+Workflow+RAG+Memory+Evals
Vercel Al SDK Al BT & 5 Nextjs ‘REER
Agent FF&1E
LangChain.js m? e =g
=

OpenAl Agents SDK % Agent 4gHf B/ Agent fRHEAE

MCP SDK
. MCP ¥ B 75 TypeScript SDK
(TypeScript)
1.6 AEIEF IR

NHEIZE /Y JS/Electron FFAEIZIT, FIHIFWMT:
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Ehii2ie Kk RE

551ZE AI Agent HIA « REXE %

$F28E KESHEEEGM F2VEA LLM API

$38 BRIATLE 25 Al RIS
SBUEE Agent IR 122 Agent REPRIE
885% Function Calling it Agent FRIHA
256E RAG HFIERER ik Agent BENRE

F71E 5 LTXERE it Agent BIZIZ

%58E % Agent ME iLZ4 Agent WHEITLIE
F9E ETRMARERLLL Mastra / Vercel AI SDK / LangChain.js
2510 Electron + Agent 32ff M3ERMmE AI Agent A
F11E L2 BESMKK R ERAESR R

$128 FUARASHIR REES], B#Ema

1.7 FIEES
EHEZE, BERIFEUTIFE:

l~ =1

]

# Node.js 18+ (7 20 LTS)
node --version

# npm ¥ pnpm
npm --version

# Git
git --version

HERE

# pnpm (BRI EEIES)
npm install —-g pnpm

# TypeScript (Agent FFRIEFER TS, BF&EH)
npm install —-g typescript

API Key /#&

RELFE— LM AP Key (ERETIZIFAHARINIMIREY) |

e OpenAl APl Key — itF, £E8RMHA
o I Anthropic APl Key — Claude 1&%!
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o HEREN —EE AL BEXD. BXYTFEF (YFRE OpenAl 1£3)

Q RT: MRFENEE APl Key, AJLUSEH Ollama TEAMIBITHRIER, TRk, S@

BENENA,

1.8 Ih&E
KEMRTHET .

. Al Agent Bft4: BEBEREMITEH Al 2

Agent WEKRIZOAN: K. THE. 1212, Xl A
Agent WT{EEIF: BE - 1750 - ME

LRI AEE: MCP. Computer Use. % Agent. Zsiift
JS EFHH Agent AR T A

. RERZRF SR ENIMR S

T—ERITERNT#E Al Agent BV KX — KIBSRE (LLM), HEIFEHE—1T Al A5,
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FoE: KESER (LLM) Bl — Agent 9K
i

21 AR KIESIRED?
KiESHEE (Large Language Model, LLM) 2 Al Agent BUZI05 |28, R TRfR

LLM Bl —NBR ' XFERE &F. MEAT—BRXT, SR RESENXF, MA
BRI BN EBERXA, FrLl "S558,

%t JS FFRERIELL

// LLM BYZARBIITARI LKL A
function 1lm(input) {

[/ BT REIGEEF R R

// Tl &RV

return mostLikelyCompletion(input);
}

// an:

1lm("JavaScript 2—H")
/> "[TEZERNEEES, TERATWebFL ... "
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FH LLM —¥ (2025-2026)

=i & e API fiigSE
GPT-5 OpenAl sorTIEAL, IREEIRREIRIR wne
GPT-5.3 Instant OpenAl GPT-5 R5Z=hR, HER R
GPT-40 OpenAl SaReR, ENLEE hE
Claude Opus 4.6 Anthropic L ERoR IR + YR DR EY S

Claude Sonnet 4 Anthropic  REBEEALE, RESRENE %
Gemini 2.5 Pro Google ZIRESR, ETFXEK h&
DeepSeek-V3 DeepSeek MNEERE, PXmF (i3

Qwen 2.5 A B PRF, EIANHIERE 1K/ %2k
Llama 3.3 Meta FR, AIAHhERE ek

Q EREHRMR: OpenAl £ 2025 FRAF T GPT-5, Anthropic B Claude EEl Opus 4.6
s, IEIFEBE T E A RN A .

2.2 TBfR LLM YRS

Token (£h%)
LLM A2 "F" g "ja" B KR, ek Token AME,

// FEXKL 1 token = 4 NFEF = 0.75 NEIA
"Hello, world!" » ["Hello", ",", " world", "!"] // U tokens

// BXKZ 1 token = 1-2 PNF
AR > ["fREF, "HR"] /£ 2-4 tokens

At ARTBERD Token?

e API #Z Token it (B + &)
o HMEEE ETXHEO RHl (BEAIEAYERK Token #0)
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ki ETFXEA

GPT-40 128K tokens
GPT-5 1M tokens
Claude Sonnet 4 200K tokens
Claude Opus 4.6 200K tokens
Gemini 2.5 Pro 1M tokens

Temperature GREE)

IR REM"

// temperature
// temperature
// temperature

0: HWEMHL, BRER—F (&5 Agent fE55HIT)
0.7: B—EMENE EAeIEEF)
1.0+: RN EEKRXE)

const response = await openai.chat.completions.create({
model: "gpt-do",
temperature: 0, // Agent IH=HER 0 FEEME
messages: [{ role: "user", content: "{Ri{F" }]

),

System Prompt (&4iiRRidA)

HiF LLM "fREE". "RZEAM":

const messages = [
{

role: "system",

content: "fR@—NEWMFIHRFABIF, FiE JavaScript # React, BIEZEEfMENE, LAHARESR
5
{

role: "user",
content: "#1fAIA React 5—it#kgs? "

HERG
LLM API EFI AR BRALIIE:

171295



const messages = [

{ role: "system", content: "..." }, // BRFEIZE (Agent B9"AI&")
{ role: "user", content: " ..." }, // BFPiA

{ role: "assistant", content: "..." }, // AI H[EE

{ role: "tool", content: "..." }, // TEHRITER (Agent 178)

1

2.3 EhFLLY: ABIRRYE—1 LLM API
5 E—: {8 OpenAl API

1. 3XEX API Key
1. i518) https://platform.openai.com/
2. FER/ER — APl Keys — Create new secret key
3. EflREFYY (RER—R)

Q@ ERAFPALUERFRS OpenAl IXAIARSS . DeepSeek (api.deepseek.com). EiZAl.

TEEXF

2. IEmE

mkdir my—first-agent && cd my—-first-agent
npm init -y
npm install openai

187295
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3. 4R 5153

// chat.mjs
import OpenAI from 'openai';

const openai = new OpenAI({
apiKey: process.env.OPENAI_API_KEY, // MIFIEZEIEE, FERER!
// WNR{ER DeepSeek, BUH TEAVER:
// baseURL: 'https://api.deepseek.com/vl1l',

B

async function chat(userMessage) {
const response = await openai.chat.completions.create({

model: 'gpt-do', // T 'deepseek-chat'
temperature: 0,
messages: [

{

role: 'system',

content: 'fRE—TRIFHVEIZENTF, ERKAEENSUBEEEATS,

}:

1
role: 'user',
content: userMessage

}
1,
);

return response.choices[0].message.content;

}

/] BT
const answer = await chat('B—aiEEBRTARHAE? ');
console.log(answer);

# RENIETE (Windows PowerShell)
$env:0PENAI_API_KEY="sk-your—key—-here"

# B17

node chat.mjs

FE=: {#H Ollama &s#iE{T (k)
HNERETETEA APl Key, ATLLA Ollama 1EASHIITITAFBAEAY:

1. €% Ollama
M https://ollama.com/ FTE&R%,
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2. AR

# HIEY Qwen 2.5 (FPX4F, AFIEH)
ollama pull qwen2.5

# ETIEVE/NAVRE (fACEEAX)
ollama pull qwen2.5:3b

3. wE S
Ollama 3% OpenAl APl #3(, R4 baseURL:

// chat-local.mjs
import OpenAI from 'openai';

const openai = new OpenAI({
baseURL: 'http://localhost:11434/v1l', // Ollama Zsibithilk
apiKey: 'ollama', // Ollama AFEEEIL key, FEFEE

P);

async function chat(userMessage) {
const response = await openai.chat.completions.create({
model: 'qwen2.5',
temperature: 0,
messages: [
{ role: 'system', content: 'fRR—PERIFHEEENF. ' },
{ role: 'user', content: userMessage }

1,
3);
return response.choices[0].message.content;
}
const answer = await chat('JavaScript A == 1 = HH4KXH? ');

console.log(answer);

2.4 HsliEith (Streaming)

IR, ARPAEE A 2BERTHEIER, MEFE TTFIHMR " ZFET.
Streaming (GRzUiEit) :
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// stream.mjs
import OpenAI from 'openai';

const openai = new OpenAI({
apiKey: process.env.OPENAI_API_KEY,

),

async function chatStream(userMessage) {
const stream = await openai.chat.completions.create({
model: 'gpt-do',
messages: [
{ role: 'system', content: '{fRE—MREIEEIF. ' I,
{ role: 'user', content: userMessage }

1,
stream: true, // FREAIiEH

B;
// ZIRRLIE
for await (const chunk of stream) {

const content = chunk.choices[0]?.delta?.content || ;
process.stdout.write(content); // ZEFFIEN, AT

}
console.log(); // =EMRTT

await chatStream('F JavaScript SEIMREHE, HERERIE');

Q Electron FZAR, AXBEHIFHNEE, ReILUBE IPC ¥ stream BYEA chunk &iX
RHIE, LIRFIT TR, 5 10 EXIFMATI,

2.5 Z8¥HE

Al Agent FEHIPINERE, LIMZHITIE:
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// multi-turn.mjs
import OpenAI from 'openai';
import * as readline from 'readline';

const openai = new OpenAI({ apiKey: process.env.OPENAI_API_KEY });

/] IHERE (XriEREEM"IZIZ")
const messages = [

{ role: 'system', content: 'fRE@— JavaScript TX. EEEEHET. ' }
1;

async function chat(userMessage) {
// BRFHEEMNGSE

messages.push({ role: 'user', content: userMessage });

const response = await openai.chat.completions.create({
model: 'gpt-do',
messages: messages, // fENFTEXIEFHE

3);

const assistantMessage = response.choices[0].message.content;

// B ATl BEWIMANGBE

messages.push({ role: 'assistant', content: assistantMessage });

return assistantMessage;

/] ERNBLITRXE

const rl = readline.createlInterface({
input: process.stdin,
output: process.stdout

3);
function askQuestion() {
rl.question('fR: ', async (input) = {
if (input.toLowerCase() = ‘'exit') {
rl.close(Q);
return;
}

const answer = await chat(input);
console.log(*AI: ${answer}\n‘);
askQuestion();

P

console.log('FiEXIiE (BN exit BH): \n');
askQuestion();

BITIRIRA] LUK A&
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fR: 4= Promise?
AI: Promise & JS HFAMESTIRENNR ...

fR: BB async/await 0E?
AI: async/await 2 Promise HUIEZANE ... (BBET LEXEITIERY)

R AR—NEERENGIF
AL: (EBidFTEiTiE Promise M async/await)

2.6 APl A FARR{E3CR%

iR

async function safeChatCall(messages) {
try {
const response = await openai.chat.completions.create({
model: 'gpt-do',
messages,
3);
return response.choices[0].message.content;
} catch (error) {
if (error.status = 429) {
/] EERRH - FREER
console.log("IBRAINE, FFEERX ... ');
await new Promise(r = setTimeout(r, 5000));
return safeChatCall(messages); // Z=if

}
if (error.status == u01) {
throw new Error('API Key T, BINERE');
}
throw error;

}
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R2EN

/] R BEITREXEFY
const openai = new OpenAI({

apiKey: 'sk-abcl23...', // BE4®E5 API Key
3);

// IEMBHE: MIFIR T EIXREY
const openai = new OpenAI({

apiKey: process.env.OPENAI_API_KEY,
3);

// Electron WHH: f#H .env Xff + dotenv
// npm install dotenv

import 'dotenv/config’;

// SRETE .env X{FH: OPENAI_API_KEY=sk-xxx
// .env XHHON .gitignore !

IR

// 1. [B&) max_tokens (BAHHKE)

const response = await openai.chat.completions.create({
model: 'gpt-do',
messages,
max_tokens: 1000, // [EfFlfEHAEL 1000 tokens

3);

// 2. FEREEENIREMEEBES
// TEEBESHEA gpt-do-mini, EXMESER gpt-lo

// 3. BEES
const usage = response.usage;
console.log(‘ZA<WiEFE: N ${usage.prompt_tokens} + HitH ${usage.completion_tokens}

2.7 &5f{kiatt (JSON Mode)

Agent FRPEHBEE LM WHLHLHIE (SON), MIFRERES:
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// structured-output.mjs
import OpenAI from 'openai';

const openai = new OpenAI({ apiKey: process.env.OPENAI_API_KEY });

async function extractInfo(text) {
const response = await openai.chat.completions.create({
model: 'gpt-do',
response_format: { type: 'json_object' }, // &% JSON %t
messages: [
{

role: 'system',

content: ‘fRE—MSRREENIF. BAFBMNBINAREALT JSON B:

"name": "A&",
"action": "M T A",
"time": "f+ABHE",
"location": "TEMFEE"
}
ROBESE null,
},
{

role: 'user',
content: text

}
1,
);

return JSON.parse(response.choices[0].message.content);

}

const info = await extractInfo('K=FEREATE T—HiRE");
console.log(info);
// { name: "IK=", 6 action: "ET—HRE", time: "BEX", location: "ZAF" }

Q EHEHE Agent FFRBIELEES, EREB Function Calling I TREARPSAEME
Fo

2.8 IhgE
AEIREH|T

. LLM B9EZASHER: Token. Temperature. £ TFXEO
. JHEHME: system. user. assistant. tool
. f&5F OpenAl SDK JEF APl (121&F T DeepSeek FEHRABARS)
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3 Ollama AS#IEITIRE (RBHR)
ML (Streaming)

SR INESIER L EIE

APl R AI=H

gt USON Mode)

%3
1. 28 A OpenAl SDK 8 Ollama z1TAZ IR
2. {824 system prompt, it Al FEREAE (FIHER. =mEE. WA TEM)
3. EM—MEEM LR IHE CLI TR

T—EZRNVERNFESRTIAIIE (Prompt Engineering) , 2185 LLM S3¥CEBARIT—X
BRAERE Agent BIXHERESTo
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B=5. BRI E (Prompt Engineering) —
5 Al S3HERNER

31 At alRREAIIERER?
"Prompt FLE Agent IR, FIFFRVEE, 4B Prompt FIZEM Prompt itk lREXRE

allo

XF Agent FF&FRW, IRRIEIEFERLAT, MELHER. FA:

1. Agent F91T /9 System Prompt ;RTE — {RHY Prompt FL:E Agent BY"1RIER A"
2. TRIABKIIEHRIES — Prompt B3R, Agent MARIEMAFERTIA
3. MR EREEMAREE — Sk, EfR. ERENEEREFH Prompt

3.2 Prompt BIE 41

—NFH Prompt IBEESUUTLANERS

|
| 1. ABEX (Role) | 1REif?

| 2. EFX (Context) | HRERRMA?

| 3. #§% (Instruction) | T|EMHAA?

| 4. A (Input) | BfEEARHtar

| 5. #HEX (Output Format) | HHERZEAARE?
| 6. 9% (Constraints) |  BHARKIRME?

| 7. =B (Examples) |  HAEERRNRLRA)
|
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R

\

const systemPrompt =
H AE
RE—1MHAM JavaScript BBEEER, B 10 FrlmALEK,

#H ETX
BFP£183 JavaScript/TypeScript A EIBERHITRIDEE,

#H 1IES
MAFPRRHNAEHTEEEES, S9!
1. KEB/RENRELR

2. BEM Bug MERERE

3. MEELEIY
4

. AR A 4P
#H mHAs
fERALIT JSON &=V :
{
"summary": "—&IESMEITFN",

"score": "1-10 iF4H",
"jssues": [

{
"severity": "error | warning | info",
"line": "{TS",
"description": "jRJEEIEIAR",
"suggestion": "fEEKEEIY"
}
1,
"improvedCode": "fL{tEHITEEEEI"
}
#H R

- AXFHBEEAS, MHCHERSEN
- MEiRIZEE JSON & i
- iR 8-10 55, 5-7 —f&, 1-U4 EEHW

A
1

3.3 73Kl Prompt 215

15— fataE (Role Playing)

4 UM IRE— T AEGAE, JUEZRARERE:

281295



/] ¥ —
const prompt = "EHNFTXEABETARE",

// Bt
const prompt = "fRE—1E 10 FZKH Node.js REER., EMNREAEHEXEMA, KHAE

$I5=: Few-Shot :fjl
RENNEAN-mHERE, iE LM "EBEHEFEZ" .

\

const systemPrompt =
RR—MES P LR, BAPRASEAUTERZ—:
- code_question ({Ri2iE)@A)

- general_chat (FHHD)

- file_operation (Zffi2fE)

- web_search (FE#R)

#H Rl

HIN: JavaScript HUAREN—PHR?
HitH: {"category": "code_question", "confidence": 0.95}

BN SRRREALRE?
. {"category": "web_search", "confidence": 0.9}

WA BRBXIXHERRN test. js

HWd: {"category": "file_operation", "confidence": 0.85}

BN RFEF, RIAEARE?
imt: {"category": "general_chat", "confidence": 0.9}

1

FI15=: B4HE (Chain of Thought, CoT)
it LLM —$HBE, MARERLER:
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// R BEERBER
const prompt = "IHEXMREHIEIERE",;

// 5| SELHIER

const prompt = ‘'
DIUTREHNEERE, FRUTIERE:
1. &%, RFFEREFMNEIIER

2. DB MEFRIEAIREL
DFEF Z ERBREXR
SAITESNRESERE
HKHRLNKORTE

g = w

RRIRESTTREEIETIZ,

1

RiEFHN: RFE Prompt KEML "iLEIT—PPREBZE (Let's think step by step) " FLEER
5% CoT *EIEO

IS5 BAfRsELLAE U
IR LM IREH AR gL
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7D i
const prompt = "Z—TFXAD npm BHER";

// BRtAAS T

const prompt =

DT npm &, LINTHEINRE:

AY

H B3
{83}

#H IhEE
{—HiEHt}

H =
- {fts=1}
- {ft=2}

H OGRS
- {frm13

HOEEFEDS
{4 EEE& R}

H BAEE
| &m | K% |

|
I I
| {88} | {EAl |

1

BI5H: 3R (Delimiters)
ER D PR EMIE) 5 Prompt BIARREERS :

\

const systemPrompt =
fRER—MUBENRSS, B JavaScript EEEREA Python,

HEE R

1. REHEREIEEM 62 XAE
2. fH Python MBS
3. AINEEUER

HH BARES
\'\*"\'javascript
${userCode}
AN

HH B3R
BEEENREN Python 53, A \'\'\'python\‘\'\"' RBREE,

31/295



BN IRR:

e ZER5IS T

o XML #5% <context></context>
o Markdown FRgE

o WRITS ---

e AIES ]

FI57%: L9RMIBF
BAE LM R4, MEMHARKEE:

AY

const systemPrompt =

{RE— API XH4&EmES,

H 2R
- RIBABERBMR APT X1
- BESHRHA. REE. TP

H RNEHB
- FEERRBRED
- RERIMSSHETRBITIL

- FEFERECHEN API Rfl, FRERFILIET LR
- WRAPZEAEN, " FEEEWATAZREN

1

3.4 Agent Prompt 3£h%: i&it—1 52 %/ Agent System Prompt

T 2—MXBBhF Agent F5EEE System Prompt 1&it:
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\

const agentSystemPrompt =
# AE
fRZ CodeBuddy, —MEREHRIZENF Agent. RIETTEAFPHIZAMEBKN L, AILUEAR EMSHRIZES,

# R

REIAER T IA:

1. **read_file(path)** - EEVXHERR

2. **xwrite_file(path, content)*x - BAX

3. *xrun_command(command)** — PITRIEHS
4. *xsearch_web(query)** - IEEMEEFE
5. *xlist_directory(path)** - FIHBERAR

# TIERIE
SAFPRLIEKRE, RUTTERAT:

**IPREE . (FADTAPNER, WEFBRHEMS fifE
**FIE TR+ . FESIFRABMNTE, FEHMAR

B ST KRRITENTR, FAGENIAR
**IDIFEER ++ . PITTEAEIIESE R IER

LIRS . RBSETR T 4

a F W iR

# A

- FRITXHE AT SLRITH, ASHRAFBEEHRTA

- BIEEN, SITREHSABEMEE, KRZERX 3 X

- FHERNFENgN, FEBRNBFEE

- REFEARTENG S, KEFRERIT rm -rf / FERHS
- RIBEEMENIE NEFLE

# XA

- @ERT, BRTR

- REEARERER, iF8HES

- ENSBIEHRE, W [1/3]. [2/3]
- KRR B B

# T~HIRE

BRF: #8#%6/Z —1 Express fRE23

BhF: 4789, FREIREIE. HRIWT:

[1/3] #aIEHREKR

[2/3] EUEARSS231LD

[3/3]1 MiAz1T

FHARIT:

[1/3] #akmiE ...

> 1T run_command("npm init -y & npm install express")

(FHER ...)
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3.5 Prompt tEiR{t: ERIEHEIE Prompt

KPR ER, REEIE Prompt IRIRUEE:

// prompts/index.mjs

/] ERHEAR R EL
function createPrompt(template, variables) {
return Object.entries(variables).reduce(
(result, [key, value]) = result.replaceAll('{{${key}}}", value),
template
);
}

// Agent System Prompt #1&iR
const AGENT_SYSTEM_TEMPLATE = '
fr {{agentName}}, —1{{agentRole}},

#H BEST
{{capabilities}}

#H A
{{rules}}

#H baR
{{outputFormat}}

A
1

// fER
const systemPrompt = createPrompt(AGENT_SYSTEM_TEMPLATE, f{

agentName: 'CodeBuddy',
agentRole: 'ZFHEEYmIZENTF, HBIAF M JavaScript/Node.js #EXES',
capabilities: °
- FEMRE RS
- WITRIRSR S
- O ARBREHEHEERSR",
rules: '
- R2E— FHRITREKRGS
- SHINEIIT: EEREFISTEHAR
- REABEXE -2,
outputFormat: 'ffR Markdown KR, KBEARBRERE"
3);

export { createPrompt, AGENT_SYSTEM_TEMPLATE };
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Prompt R EIR

prompts/

— vi1/

| — system.md # System Prompt
| |— classify.md # BEZE Prompt
| L— summarize.md # fZE Prompt
— v2/

| |— system.md # DSUEthR

L— index.mjs # 1SRRG

Q EBi¥: 1B Prompt FAMMIIHY | .md X, HERAEEF A/B M.

3.6 BERIRIG

ReAct Prompt #83{ (Agent {Zily)

ReAct =& Agent & FIBY Prompt 123, &~ #IE (Reasoning) MTTEH (Acting) **4&&:
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\

const reactPrompt =

fRE— 1 EEERIRN AL BiF. XMTFETAFIER, BUTRABEMITEh:

Thought: EEERET—IZMHA
Action: EE—ITHEFRHNIT
Action Input: TEBBASE
Observation: T EiR[EIRL

EEULPREIMERERAESR:

Thought: ERELZE T EBNEEREE

Final Answer: SZ&[L%

#H FAIA

- search(query): #HER

- calculate(expression): IHEHFERER
- get_weather(city): FREUKS

#Ht Rl
BF: {t5ZfLEESKIBNER?

Thought: BREEHHEFILERM LBHNXS
Action: get_weather

Action Input: JtR

Observation: JtES$X 28°C, B

Thought: EELMEILREET, BELE
Action: get_weather

Action Input: L&

Observation: E&%X 32°C, %=

Thought: _£i§32°C > jtR28°C, HAILIAHERT
Final Answer: EB&SXEM, L& 32°C, b 28°C, LigtbitmEE 4°C,

A
1

BFIEIE Prompt
1k Agent TEHFEEYEHRIELE
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const selfCorrectPrompt = *
PITESEY, FRUTERKERE:
1. BiTitxl
2. MBEEREERSTHA
3. MRAFE, HNEE:
- BIEfERIR? > EMIEMEX
- eTEFEREIR? » #E— ) TAEHSH
- BEEFRRE? » KEZER
4. BEREHNIT

AR A—1MHEIREZER 3 R MR 3 XEKW, RAFRBERAIEKREDT.

1

3.7 % Prompt Fa5iAiR

BB 1: 5 KIERM

/¥
"R XN R

//
WELLT CSV EEREIEN JSON 3, S1T2— WK, FIRIENE, HUETIEN number AU

FEBH 2: Prompt 3 KSE"#EKK"
LLM XF#81< Prompt REIZB D EIKFEE S TFE (R4 Lost in the Middle A1) ,
RRFE:

o REZAVEIHEMLMEE
o fEREMIBY Markdown 51557 EX
o IRDAZDFE Prompt, DEHIT
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Peabst 30 &R ARl

/R RRTEMHTA
"R T AEIRER"

// Eil:RpTNET- 3y /A
‘EREWRIEIRER

YR
- "TREETIBUERE EEEE (host: localhost:5u432), BHREHIEERSEREEIT. "

TG (REXHF) !

- T

- "Error: something went wrong"
- "BUEETIR: [object Object]"

AY

Prompt it 7%

// FHE—: ik LLN BRREIEMRE

const debugPrompt =
TERITES 280, SR TEIHRIAMRRIERE:

(Fa9IEfR)

- BFREE: ..
- BAEEK: ..
- FHHERRIL: ...

HIAIRRRIERAE, BHBEIIT.

[/ FEZ MEEE, ERRK
// BFEERERD Prompt FIE
const promptLog = {
version: 'vl1l.2',
prompt: '...',
testCases: [
{ input: ' ... ', expectedOutput: '...', actualOutput: '...', pass: true },
{ input: '...', expectedOutput: '...', actualOutput: '...', pass: false },
1,
notes: "B THIENRINAREGE, HEWEM 70% IEFHE 92%'
H

3.8 IhEE

KEREET :
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Prompt B9z 04EM: . ETFX. 1859 B UK. =Fl
ANAIZOETE: AEPYNE. Few-Shot, B4R, Kb, DR, 4%
Agent System Prompt i&it757%

ReAct Prompt 1,

Prompt &R (b EIRM ke A1z

= e 5

#3)

1. 7B 28 Electron Agent RZFI&1iT— System Prompt
2. FA Few-Shot HI5LM— N AR BE S HE"
3. 21 ReAct 1R, it Al BEX AR

T—ERNTRRN Agent BIDZEEYT, T H#E Agent FIERRY TERIEM H I ZRMTHE T
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IBFE R AERE

SBE: Agent DG
EMH

4.1 Agent e RE

BN MEIL A EERE— Al Agent BISTEESRM

| BFREA |

| BME | EREA Cu/ER/ED

REE (KAN) |

HEIES|% (LLM) |
— %% |
L— RE/iFE |

BIZES |
GHR | KHB | It |

WITE
Tool 1-3

WRIA. HhiTohiE

I

4.2 =28 Agent ZH91ETK

R —: ReAct (IR + 17Eh)

mEH, RERB Agent IR, ZOBE: IEHITHEIEMNITEN.
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BZ (Thought) » 1Ta(Action) » ¥Z(Observation) » BZE » 11a&) >
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// react-agent.mjs - — P E&{EHEH ReAct Agent i
import OpenAI from 'openai';

const openai = new OpenAI({ apiKey: process.env.OPENAI_API_KEY 1});

// EXARAIA
const tools = {
calculate: (expression) = {
try {
/] REMHFIHE (ER: £FFREIBER nathjs FL2HE)
const result = Function('"use strict"; return (${expression.replace(/["0-9+\
return String(result);
} catch {
return 'iITH#HIR';
}

H
get_time: () = new Date().toLocaleString('zh-CN'),

get_random: (max) = String(Math.floor(Math.random() * Number(max)) + 1),
b

const SYSTEM_PROMPT = ‘'
frE—MEERTANSTF, HENIE, RUTRIEE:

Thought: A&, RET—F

Action: TERZFR

Action Input: TESH

Observation: (RHASIEETHIREINER)

BILIZIR Thought » Action & f. HIFEEBEER:

Thought: BRELZEBEERT
Final Answer: {RFHISRZRMOZE

AAATA:

calculate(expression): #FitH, 91 calculate(2 + 3 * 4)
get_time(): FREXZHAIAYE]

get_random(max): 4 1 ¥ max ZIEIRYFENIEX

\

async function reactAgent(userInput) {
let messages = [
{ role: 'system', content: SYSTEM_PROMPT 1},
{ role: 'user', content: userInput },

1
const maxIterations = 10; // BAlETEIRTEIF

for (let i = 0; i < maxIterations; i+) {
const response = await openai.chat.completions.create({
model: 'gpt-do',
messages,
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temperature: 0,

B);

const output = response.choices[0].message.content;
console.log(*\n--- % ${i + 1} ¥ ---');
console.logCoutput);

/l RERRERAZE

if (output.includes('Final Answer:')) {
const answer = output.split('Final Answer:')[1].trim();
return answer;

// fET Action
const actionMatch = output.match(/Action:\s*(\w+)/);
const inputMatch = output.match(/Action Input:\s*(.+)/);

if (actionMatch && inputMatch) {
const toolName = actionMatch[1];
const toolInput = inputMatch[1].trim();

// BITIE
const toolFn = tools[toolName];
if (toolFn) {
const result = toolFn(toolInput);
console.log(*[TEHTT] ${toolName}(${toolInput}) » ${result}');

/] BERMAITIE

messages.push({ role: 'assistant', content: output });

messages.push({ role: 'user', content: ‘Observation: ${result}‘ });
} else {

messages.push({ role: 'assistant', content: output });

messages.push({ role: 'user', content: ‘Observation: &% - TH ${toolName

}
} else {§

// %B1XE Action, #&F Final Answer
messages.push({ role: 'assistant', content: output });

messages.push({ role: 'user',6 content: 'Observation: BREBHKILIEE Action T

return "RAREIRRERRE, ESRTM;

// it
const answer = await reactAgent('HIE/LRT? AEHEEE—T 123 * us56 FF%');
console.log('\nR&EZ: ", answer);

B =: Plan-and-Execute (&%, BHI1T)
EHIEREITR, BESHIT. ERER
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BREK » [MRMER] £ERESER » [ITHER] B—H1T » LEER
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// plan-execute-agent.mjs
import OpenAI from 'openai';

const openai = new OpenAI({ apiKey: process.env.OPENAI_API_KEY });

!/ B—F: FK
async function planTasks(userRequest) {
const response = await openai.chat.completions.create({
model: 'gpt-do',
response_format: { type: 'json_object' },
messages: [
{
role: 'system',
content: “fRE—MESMXIE. KA BXRFBANEFNHITIE,
Wit JSoN &z{:

{
"goal": "ERZBEMR",
"steps": [
{ "id": 1, "task": "BE{AESHER", "tool": "EEMI A", "depends_on": [] }
]
3
b
{ role: 'user', content: userRequest }
1,
B

return JSON.parse(response.choices[0].message.content);

}

/ BZE: BERIT
async function executeStep(step, previousResults) {
const response = await openai.chat.completions.create({
model: 'gpt-do',
messages: [
i
role: 'system',
content: '"fRE—MESITER. RIFEESHANMZATENER, FITHRIES.
3
{
role: 'user',
content: °
LEESS: ${step.task}
ZHIRZER: ${ISON.stringify(previousResults)}
BHRITHRELESR, °
}
1,
3);

return response.choices[0].message.content;

}
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// ERE

async function planAndExecuteAgent(userRequest) {
console.log('E EEMEMES ... \n");
const plan = await planTasks(userRequest);

console.log('B#r: ${plan.goall‘);
console.log(*#HE (H ${plan.steps.length} #¥): *);
plan.steps.forEach(s = console.log(' ${s.id}. ${s.task}'));
const results = {};
for (const step of plan.steps) {
console.log(’*\n[E] HITHE ${step.id}: ${step.task}');
const result = await executeStep(step, results);

results[step.id] = result;
console.log(‘[d 5EMk: ${result.substring(@, 100)}...');

return results;

/] TR
await planAndExecuteAgent('#FKi&It—1 TodoList BY React A, TEIEMIKEIIEE');

BX=: RBER (Reflection / Self-Refine)
Agent FUTEBRITE, RHASUMEE:

W7 » ML > NBE > BE » ENTML > BHE - Al
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// reflection-agent.mjs
import OpenAI from 'openai';

const openai = new OpenAI({ apiKey: process.env.OPENAI_API_KEY 1});

async function generateWithReflection(task, maxRounds = 3) {
!/ ERER
let currentOutput = await generate(task);

console.log('[} #MBEMSER\n");

for (let round = 0; round < maxRounds; round+) {
// REBFL
const reflection = await reflect(task, currentOutput);
console.log(*Q % ${round + 1} BKRE:"', reflection.summary);

/] WMRHR, &R

if (reflection.score = 8) {
console.log(' B FREiXIF, MHRERLER");
return currentOutput;

}

[/ THR, RIERIRNH
console.log('[ IETES# ... ");
currentOutput = await improve(task, currentOutput, reflection.feedback);

return currentOutput;

}

async function generate(task) {
const response = await openai.chat.completions.create({
model: 'gpt-do',
messages: [
{ role: 'system', content: 'fRR—IMEKINEFZR. ' },
{ role: 'user', content: task }
1,
3);
return response.choices[0].message.content;

}

async function reflect(task, output) {
const response = await openai.chat.completions.create({
model: 'gpt-do',
response_format: { type: 'json_object' },
messages: [
{
role: 'system',
content: “fRE—MRHIABHEEEZR, IHMEU T HHESTERER K.
ikt JSON:
{

"score": 1-10,
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"summary": "—&IEFM",
"feedback": ["EAZGHEN1", "BEADUHEIN2"]
R
3
{
role: 'user',
content: ‘ZER: ${task}\n\n#it: ${output}’
}
1,
3);
return JSON.parse(response.choices[0].message.content);

}

async function improve(task, currentOutput, feedback) {
const response = await openai.chat.completions.create({
model: 'gpt-do',
messages: [

1
role: 'system',

content: 'fRE—TEKFHEFR. RIBRIFHHZ AR EH.

role: 'user',
content: ‘JRIAFEK: ${task}

it ${currentOutput}

BRI
${feedback.map((f, i) = ‘${i + 1}. ${f}').join('\n"')}

iR R TE B RS,
}
1,
3);
return response.choices[0].message.content;

}
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4.3 =FET T EL

FHE ReAct

iz AR A

SR BAGR. TEEAR
e RIE, HeRERTEEE
R BIHERRIR 5 )

b BEHLE AR B

Plan-and-Execute

BeRNA
TR —E A

Sirdigit BYRE

Reflection

R EEAE T

Q EFIER, X=fMEXZEHAER, bl Plan-and-Execute EEMX], 81N F
BENF ReAct 117, &/ Reflection HERE,

4.4 Agent Loop HY5SEESCIR

LEFATSEM— P ETER Agent Loop, BEFIE Agent BIZILEZE:
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// agent-loop.mjs
import OpenAI from 'openai';

const openai = new OpenAI({ apiKey: process.env.OPENAI_API_KEY 1});

class Agent {
constructor(config) {
this.name = config.name;
this.systemPrompt = config.systemPrompt;
this.tools = config.tools || {};
this.maxIterations = config.maxIterations || 15;
this.messages = [{ role: 'system', content: this.systemPrompt }1;

// ¥y Agent ETEIF
async run(userInput) {
this.messages.push({ role: 'user', content: userInput });

for (let i = 0; i < this.maxIterations; i++) {

console.log(*\n[g &R ${i + 1}");

// 1. B LLM RE
const response = await this.think();
const message = response.choices[0].message;

// 2. B AL BIEMNFHE

this.messages.push(message);

// 3. REEREEERERAATIA
if (message.tool_calls &§& message.tool_calls.length > 0) {
// WITFRETRIAR
for (const toolCall of message.tool_calls) {
const result = await this.executeTool(toolCall);

// BIEZERMNERRSE
this.messages.push({
role: 'tool',
tool_call_id: toolCall.id,
content: JSON.stringify(result),

3);
}
[/ HRERAEIR, ik LLM RIEIRERAET—F
} else {

// ZEIARFER, WA LM EEAHEROE
console.log('[d Agent 5ER%');
return message.content;

}

return "REIRKERXRE

50 /295



// LM BE
async think(Q) {
// BT HEENXH OpenAl &R
const toolDefinitions = Object.entries(this.tools).map(([name, tooll]) = ({
type: 'function',
function: {
name,
description: tool.description,
parameters: tool.parameters,
3
1));

return openai.chat.completions.create({
model: 'gpt-do',
messages: this.messages,
tools: toolDefinitions.length > 0 ? toolDefinitions : undefined,
temperature: 0O,

1);

// BPITIA
async executeTool(toolCall) {
const { name } = toolCall.function;
const args = JSON.parse(toolCall.function.arguments);

console.log(‘'/ AAIA: ${name}(${ISON.stringify(args)})*);

const tool = this.tools[namel];
if (tool) {
return { error: ‘TH ${name} FEFHE" };

try {
const result = await tool.execute(args);
console.log(') £R: ${ISON.stringify(result).substring(0, 200)}');
return result;
} catch (err) {
console.log(' ¥ THAHIR: ${err.message}’);
return { error: err.message };

/| ———— ERATH

const myAgent = new Agent({
name: 'MathHelper',
systemPrompt: 'fRE—MEFEIF. EARENITARBRABANEERR, SKoMmeE, BERIA
tools: {
add: {
description: 'ME',
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parameters: {
type: 'object',
properties: {
a: { type: 'number', description: 'SE—ME' I,
b: { type: 'number', description: 'SEZ”EK' },

b
required: ['a', 'b'],
},
execute: ({ a, b }) = ({ result: a + b }),
b
multiply: {
description: 'FE%E',
parameters: {
type: 'object',
properties: {
a: { type: 'number', description: 'SH—1E I,
b: { type: 'number', description: 'SEZ”MEK' },
b
required: ['a', 'b'],
b
execute: ({ a, b }) = ({ result: a * b }),
b
b

),

const answer = await myAgent.run('itHE (12 + 8) * 5 EF%/L? ');
console.log('\n&x2&2:"', answer);

export { Agent };

4.5 RSN BIEHR Agent
WMRIRS)IRFIRT A B4, TTLUE Agent IBEA—MNREN:
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// Agent JIRZSH
const AgentState = {

IDLE: 'idle', // =R
THINKING: 'thinking', // BZErh
ACTING: 'acting', // PATIAEH

OBSERVING: 'observing', // WMz R
REFLECTING: 'reflecting', // REH
DONE: 'done', /! SER%
ERROR: 'error', /] FRiR

}

/] IRTSHeAR

const transitions = {

[AgentState.IDLE]: (input) = AgentState.THINKING,
[AgentState.THINKING]: (decision) = decision.needsTool ? AgentState.ACTING :
[AgentState.ACTING]: (result) = AgentState.OBSERVING,

[AgentState.OBSERVING]: (observation) = AgentState.THINKING, // [EZ|E
[AgentState.REFLECTING]: (quality) = quality.ok ? AgentState.DONE : AgentState.
3

FB React B9 B4R ELL:

// Agent FLE— AR useEffect + useReducer
function AgentComponent() {
const [state, dispatch] = useReducer(agentReducer, {
status: 'idle’,
messages: [],
tools: [],
B;

// A, Agent Loop
useEffect(() = {
if (state.status == 'thinking') {
callLLM(state.messages).then(response = {
if (response.hasToolCall) f{
dispatch({ type: 'EXECUTE_TOOL', tool: response.toolCall });
} else {
dispatch({ type: 'COMPLETE', result: response.content });
}
B;
¥
}, [state.status]);
}

4.6 BBHFN: RIBESESD A

MFEZRB Agent VA, BEBEFE—THRHABRKRD A FREENIES
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// router-agent.mjs

class RouterAgent {
constructor() {
// FEMEL Agent
this.agents = {
code: new Agent({
name: 'CodeAgent',
systemPrompt: 'fREHIEER... ',
tools: { /» HEB#EXTIA =/ },
3,
search: new Agent({
name: 'SearchAgent’,
systemPrompt: 'fREEREF ...,
tools: { /x #FTH =/ 1},
1),
file: new Agent({
name: 'FileAgent',
systemPrompt: '{REXHEEEIF ... ',
tools: { /x XHRETH =/ },
3,
i
}

// BRE: FIEAFPEE, DRLEXMN Agent
async route(userInput) {
const response = await openai.chat.completions.create({
model: 'gpt-do-mini', // E&RERFA/IMEZELRLIET
response_format: { type: 'json_object' },
messages: [

{
role: 'system',
content: ‘H¥TEFEE, L JISON:
{
"intent": "code | search | file | chat",
"confidence": 0.0-1.0,
"reason": "FHFIER"
3
b
{ role: 'user', content: userInput }
1,
3);

const { intent, confidence } = JSON.parse(response.choices[0].message.content)

if (confidence < 0.6) {
// EOAE, BEEAEAEEEIE
return this.generalChat(userInput);

}

const agent = this.agents[intent];
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if (agent) {
return agent.run(userInput);

}

return this.generalChat(userInput);

}

async generalChat(input) {
// BRIIE, FEE Agent
const response = await openai.chat.completions.create({
model: 'gpt-do',
messages: [{ role: 'user',6 content: input 3],
B
return response.choices[0].message.content;

}

2 it e i=fe)
IRIRIRAIR A S R B R

EEMERF
L g% LLM AR (FEE Agent Z2#3)

EEFRIAMNBF
Ls ReAct #&E=

SERZSBAS
s pPlan-and-Execute

BRERNBER
s> Reflection #&3

ARENFAE (SHIhREE
L Router + Z& Ml Agent

BERES (ZAMERF)
L % Agent VME (ESE¥R)

4.8 INGE
RE(RIEET

. Agent B2 R BB, REKE. HITE
. =FHZ0MET: ReAct. Plan-and-Execute. Reflection
. Agent Loop BIFEEESSIR
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o E REVRHIERE Agent
o 2 ®E5Eteigit
o [ ZetaikiRiss

#3)

1. 3517 ReAct Agent Rffl, FMESHENTA MFHHEME. BHITE)
2. LW —NEES Plan-and-Execute # Reflection BYJE & Agent

3. IRIT/REY Electron Agent N FBRYEE{RZEHy

T—ERNTERN Function Calling——it Agent EIFAE" B FME"HIXEEEN
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8AE: Function Calling 5TA#ER — it

Agent HIE"EhFHE"

5.1 {+4 = Function Calling?

Function Calling (REGER) 2ib LLM REILIARIMBEREY TRMXEEES.

(EIEATEAR

&R LM "XBEE—LTHEA A", LLM £RIERAFEXRESREMNERWNTA.

T AaSH.

%% Function Calling:
AF: "ltRRXKEAEF? "
LLM: "EIREREERRS, BIUFRLERES, "

B Function Calling:
RAF: "ltRXKEAEF? "
LLM: (BZE) ENZEAA get_weather TH
LLM » J8F get_weather({ city: "itm" 1)
THIR[E]: { temp: 25, weather: "BF" }
LLM: "JERSRRSEEER, <R 25°C "

5.2 Function Calling B9 T{ERIS

| | | | | | | | | |
| B |—]| LM |—| "9 |——| LLM |—| BF |

| AN | | Rk | | K83 | | &g | | @ |
| | | | | I | | | |
| |
"KERAA HATERER
get_weather" IREILER
KER LLM F=ES2HTEE, EREFFMEBERAX MR, SHEXL",
Y Z RV,
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5.3 3C&%: OpenAl Function Calling

EilRffl: XSEif Agent

// function-calling.mjs
import OpenAI from 'openai';

const openai = new OpenAI({ apiKey: process.env.OPENAI_API_KEY });

// TEMFREM (FRAAL 34XE3)
const toolImplementations = {
get_weather: async ({ city }) = {
// KFEIEPXBFRAELNXS API
// XERENESIRETR
const mockData = {
'JtR': { temp: 25, weather: 'BF', humidity: 40 },
'Eigr: { temp: 28, weather: 'Z=x', humidity: 65 },
RN : { temp: 32, weather: 'FFFS', humidity: 80 },

I
return mockData[city] || { error: ‘FX#F ${city} MXSLUE };
b
get_time: async ({ timezone }) = {
return {
time: new Date().toLocaleString('zh-CN', { timeZone: timezone || 'Asia/Shang
timezone: timezone || 'Asia/Shanghai',
b

H

calculate: async ({ expression }) = {
// Z2itE: RAafsFNERESER
const sanitized = expression.replace(/["0-9+\-*/().%\sl/g, '');
if (sanitized == expression) {
return { error: 'REXXBEIEEFR' };
}
try {
const result = Function('"use strict"; return (${sanitized})')Q);
return { expression, result };
} catch {
return { error: 'IEHEIR' };

b
b

// TEER (GiF LLM BHLT AR, i JISON Schema )
const toolDefinitions = [

{

type: 'function',
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function: {
name: 'get_weather',
description: 'REUEEMHHEHRIRSER",
parameters: {
type: 'object',
properties: {
city: {
type: 'string',
description: '|mER, wWdtm . "LiE"',
},
b

required: ['city'l],

type: 'function',
function: {
name: 'get_time',
description: 'JREXHFIRYE]",
parameters: {
type: 'object',
properties: {
timezone: {
type: 'string',

description: 'BYX, %l "Asia/Shanghai". "America/New_York"',

type: 'function',
function: {
name: 'calculate',
description: '"ItEHERER',
parameters: {
type: 'object',
properties: {
expression: {
type: 'string',
description: '¥EFEFRIAI, W "2 + 3 x 4",
b,
b

required: ['expression'],

/| —— F¥:. Agent FEHF ——
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async function agent(userMessage) {
const messages = [
{ role: 'system', content: '{RE@—TERANBETF, FILUERIARIEBAF, ' 1,
{ role: 'user', content: userMessage },

1;

// Agent f&IF
while (true) {
const response = await openai.chat.completions.create({
model: 'gpt-do',
messages,
tools: toolDefinitions,
temperature: 0O,

B);

const message = response.choices[0].message;
messages.push(message);

// KWERSEZERATIA
if (message.tool_calls) f{
console.log(' ¢/ LLM JREEA ${message.tool_calls.length} NI H: ‘);

// PITBITTRIBA
for (const toolCall of message.tool_calls) {
const fnName = toolCall.function.name;
const fnArgs = JSON.parse(toolCall.function.arguments);

console.log(® = ${fnName}(${ISON.stringify(fnArgs)})*);

// BITIE
const fn = toolImplementations[fnNamel;
const result = fn ? await fn(fnArgs) : { error: 'TERTFE' };

console.log(® « ZR:", result);

// BRIEZERKRIRSE LLM
messages.push({
role: 'tool',
tool_call_id: toolCall.id,
content: JSON.stringify(result),

3,
}
/] BREAEIF, ik LLM BIETAEREREIE
} else {

// LLM &BEAIEA, REIFALOE

return message.content;
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/W 10 FEREA-TIA
console.log('--- Mi{ 1 ---');
console.log(await agent('dtESKXEXKEHE? '));

// iR 2 BEEAZANIA
console.log('\n--- Mk 2 ---');
console.log(await agent('itREA _EEHNER? '));

// Wik 3. TEAEFER
console.log('\n--- Mif 3 ---');

console.log(await agent('IFE/LRT? MIFRBEM/NEEMEE, ILRH '

AN
OH

=53 ?'));

fill
W
\>

BITHR

-—= WK 1 ---
& LLM REREA 1 1IA:

> get_weather({"city":"dt="})

« Z£R: { temp: 25, weather: 'B5F', humidity: 40 }
ERSKRKSIER, SR 25°C, BE 40%, FEFESIM.

--- Mt 2 ---
& LLM REWEA 2 MIA:
get_weather({"city":"Jtm"})
£ER: { temp: 25, weather: 'BEF', humidity: 40 }
get_weather({"city":" Ei§"})

« #£8: { temp: 28, weather: '%Z=', humidity: 65 }
LiBER, £ 28°C, JtR 25°C, LBLILRSE 3°C

v ™ v

AR LM 7R 2 FHTRATHEATIAR (—XREFA tool_calls) , XE OpenAl API BY
1%,

5.4 71T Function Calling

LLM B LATE—RAAR FR [EI %4 tool_calls, RXLET ArTUHITHIT:
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[/ FTHRITTRIER, B
async function executeToolCallsInParallel(toolCalls) {
const results = await Promise.all(
toolCalls.map(async (toolCall) = {
const fnName = toolCall.function.name;
const fnArgs = JSON.parse(toolCall.function.arguments);
const fn = toolImplementations[fnName];

const result = fn ? await fn(fnArgs) : { error: 'TEREFE' };

return {
role: 'tool',
tool_call_id: toolCall.id,
content: JSON.stringify(result),
H
B
)i

return results;

5 i&iHF A Tool (TAIZHHREM)

FElj—: TEFHRER
LLM 3&32 description RIBfETHAE, HAHBM, LLM BARBER.

/] R IEKIRHER
{
name: 'search',

description: '#%&',
}

// M= NETE
1

name: 'search_docs',

description: 'TEHEXHETERAR. WAXEE, RELERNXE A ERIMAEXHRRZ. &5

}
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FNZ: SHERETE

/] R ERDEER

parameters: {

}

type:

'object"',

properties: {

q:
n:

H

{ type: 'string' },
{ type: 'number' },

/! BN SUEBHARTLIR

parameters: {

}

type:

'object"',

properties: {
query: {
type: 'string',
description: '#EXHIE, ZFHTHRDRESDXEIE"

3

maxResults: {

type: 'number',

description: "REIMNRAER#H=E, A 5, &K 20',
minimum: 1,

maximum: 20,

H
b

required: ['query'],

FEN=: TAIFHE—

/] R —TIEMEXZE

{

}

name:

'file_manager',

description: "IXEX. B, MR, EBXH',

// BT RIRFEM

{

1
{
1

name:
name:
name:
name:

'read_file', description: "iEEUEEXHMNAE' },
'write_file', description: 'BHRBRBEANEEXH (BEEEAR)
'delete_file', description: 'MERIEESHE"' },
'rename_file', description: 'E@HEXME' },
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RN REHEBRNERER

const toolImplementations = {
read_file: async ({ path }) = {

try {
const content = await fs.readFile(path, 'utf-8');

return { success: true, content };
} catch (err) {

if (err.code == 'ENOENT') {
return { success: false, error: ‘NXHARTFETE: ${path}" };
}
if (err.code == 'EACCES') {
return { success: false, error: “EEMNIRIEEN: ${path}' };
}
return { success: false, error: “EEXVKM: ${err.message}' };

5.6 BT ASE

LUFR— Electron Agent N AAE BT AL
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// tools/index.mjs

import fs from 'fs/promises’';

import { exec } from 'child_process';
import { promisify } from 'util';

const execAsync = promisify(exec);

export const agentTools = {
/] XHIRE
read_file: {
description: "IREXNHAR',
parameters: {
type: 'object',
properties: {
path: { type: 'string', description: 'XRIEMRFHAAXEREZ" I,
b
required: ['path'],
b
execute: async ({ path }) = {
const content = await fs.readFile(path, 'utf-8');
return { content };
b
b

write_file: {
description: 'BEARBEIXH (RBEBERS) ',
parameters: {
type: 'object',
properties: {
path: { type: 'string', description: 'X{ERRR' },
content: { type: 'string', description: 'EEAMRAZR' },
b
required: ['path', 'content'],
b
execute: async ({ path, content }) = {
await fs.writeFile(path, content, 'utf-8');
return { success: true, path };
b
b

list_directory: {
description: 'JIHBERTHRBEXHMXMH4E",
parameters: {
type: 'object',
properties: {
path: { type: 'string', description: 'BRKRI' },
b
required: ['path'],
b
execute: async ({ path }) = {
const entries = await fs.readdir(path, { withFileTypes: true });
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return {
items: entries.map(e = ({
name: e.name,
type: e.isDirectory() ? 'directory' : 'file’,
1)),
b
b
3

// T (ER%ZE!)
run_command: {
description: 'TEZIHFEFPHITH L. NEATREMWREHS, W 1s. cat. git status F',
parameters: {
type: 'object',
properties: {
command: { type: 'string', description: 'BHITHIZKRIFEHS' I,
b
required: ['command'],
b
execute: async ({ command }) = {
/] BEWE: Bitfekine
const dangerousPatterns = [
/rm\s+(-rf? —Fforce) /i,
/del\s+\/[sfl/1i,
/format\s/i,
/mkfs/i,
/dd\s+if=/1,
/>\s*\/dev\//1,
1;

if (dangerousPatterns.some(p = p.test(command))) {
return { error: '{EEWITERGS' };

try {
const { stdout, stderr } = await execAsync(command, { timeout: 30000 });
return { stdout, stderr };

} catch (err) {
return { error: err.message };

3
},

// MLRIEK
fetch_url: {
description: 'A&iX HTTP GET i&EKRIREXMTIZ API #E',
parameters: {
type: 'object',
properties: {
url: { type: 'string', description: 'URL 3iiit' },
b

required: ['url'],
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I
execute: async ({ url }) = {
// URL 83

try {
const parsed = new URL(Curl);
if ('['http:', 'https:'].includes(parsed.protocol)) {
return { error: '{XZ#F http/https tHi¥' };
}
} catch {
return { error: 'FTXAY URL' };
}

const response = await fetch(url);

const contentType = response.headers.get('content-type') || ;

if (contentType.includes('application/json')) {
return { data: await response.json() };

}

const text = await response.text();
// BETIKAR
return {
data: text.length > 5000 ? text.substring(@, 5000) + '... (B&HK)' : text

b

5.7 MCP: T RiFARELIMY
MCP (Model Context Protocol) = Anthropic 7£ 2024 FEERAMBFABINN, BHIZIRENL Al

Agent 55ME TR /# R RBVERE o

HHALFEE MCP?

Z BIRYIR)E
|1 Agent 1EZR x SFIHE = N x M FERAR

BT MCP:

Agent ¢» MCP i «» TH
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MCP BEZS L=

T 1 MCP ¥ I ]
| MCP Client | | MCP Server |
I
|

(fRE9 Agent) |  JSON-RPC | (ZAR#HA) |
| L |

e MCP Client: fREY Agent NV, HZET A
e MCP Server. 1Rt TEMARS, INXHARESL. BIBE. GitHub &
o BEMYN: EF JSON-RPC 2.0

F8 TypeScript 8 —14* MCP Server

npm install @modelcontextprotocol/sdk

68 /295



// mcp-server.mjs — —NMELEHY MCP Server Rl
import { McpServer } from '@modelcontextprotocol/sdk/server/mcp.js';
import { StdioServerTransport } from '@modelcontextprotocol/sdk/server/stdio.js"';

const server = new McpServer({
name: 'my-tools',
version: '1.0.0',

1);

// EMTIA
server.tool(
'get_weather',
REFEEBHHNRSER",
{
city: { type: 'string', description: 'IHEFR' },
b
async ({ city }) = {
// EFREBAXS API
const mockWeather = { city, temp: 25, weather: 'BF' };

return {
content: [{ type: 'text',6 text: JSON.stringify(mockWeather) }],

};
}
);

server.tool(
'search_notes',
"HRAFNER',
{
query: { type: 'string', description: '{EZTXEiE' },
H
async ({ query }) = {
/] EREICHIERE

return {
content: [{ type: 'text',K text: ‘#FE "${query}" WLER ... " }1,
i
}
);
// IB5h

const transport = new StdioServerTransport();
await server.connect(transport);
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H MCP Client &%

// mcp-client.mjs
import { Client } from '@modelcontextprotocol/sdk/client/index.js';
import { StdioClientTransport } from '@modelcontextprotocol/sdk/client/stdio.js';

const transport = new StdioClientTransport({
command: 'node',
args: ['mcp-server.mjs'l],

1);

const client = new Client({ name: 'my-agent', version: '1.0.0' });
await client.connect(transport);

// FIHEIRATAR
const tools = await client.listTools();
console.log('AIAATHA: ", tools);

// JABIA

const result = await client.callTool({
name: 'get_weather',
arguments: { city: 'JtFE' },

});

console.log('&R: ', result);

@ MCP ELBAEIMA Server AJA: XHHRS. GitHub. Google Drive. Slack. #3REE
F, 1RV Electron AR U EEEAXET A,

5.8 tool_choice: E§ITHRIABITH

fREJLAER] LLM @& UUSNfEIER T A :

// ik LM BITRERSERTIAR (FAA)

{ tool_choice: 'auto' }

// SRR ERERTA

{ tool_choice: 'none' }

// SERIEREMIETIR

{ tool_choice: { type: 'function', function: { name: 'get_weather' } } }

// EBHRIBTVFRTE (ERRE)

{ tool_choice: 'required' }

SMITYVAZ2h7 b=
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// s BRREBRGFIERSEIR, BEBITRE
const firstResponse = await openai.chat.completions.create({
model: 'gpt-do',
messages,
tools: toolDefinitions,
tool_choice: { type: 'function', function: { name: 'classify_intent' } 1},

3);

/] EERR
const nextResponse = await openai.chat.completions.create({
model: 'gpt-do',
messages,
tools: toolDefinitions,
tool_choice: 'auto', // it LLM BITAE
3);

5.9 R 5

1. TRHITDFEK

// R E: BEPITRPRANGS
execute: async ({ command }) = {
return execAsync(command);

}

// ZE: HRE + SRR
const ALLOWED_COMMANDS = ['ls', 'cat', 'head', 'tail', 'wc', 'grep', 'find', 'git'

execute: async ({ command }) = {

const baseCommand = command.split(/\s+/)[0];

if (!ALLOWED_COMMANDS.includes(baseCommand)) {
return { error: ‘FRAFHITHSL: ${baseCommand}’ };

}

/ EFEREGIIN (BE. 75%)

if (/[;&]"$1/.test(command)) {
return { error: '@YHRBHIFEFA' };

}

return execAsync(command, { timeout: 10000 });
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2. X HE1EPRHBIEEIR

import path from 'path';
const ALLOWED_BASE_DIR = '/home/user/workspace';

execute: async ({ filePath }) = {
const resolved = path.resolve(filePath);
// PR FHIRE
if (!resolved.startswith(ALLOWED_BASE_DIR)) {
return { error: 'IHFRIRFBHAITFCE" };
}

return fs.readFile(resolved, 'utf-8');

3. MEIEKRIRE!

execute: async ({ url }) = {
const parsed = new URL(url);
/] BLEIARIARM
if (['localhost', '127.0.0.1', '0.0.0.0'].includes(parsed.hostname)) {
return { error: 'FAVFIARIAMMHE };

}
// Z1EE HTTP(S) Y
if ('['http:', 'https:'].includes(parsed.protocol)) {
return { error: '{XZ#F HTTP/HTTPS' };
}
/... BITIERK
}

5.10 A2A: Agent [EE{SEIFR ALY

SNSRI MCP fBRT Agent - TH H0i&E#(0)&, ABA A2A (Agent-to-Agent Protocol) fi#/R
A2 Agent — Agent BJiEB{S )&,
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MCP vs A2A

MCP (Model Context Protocol):
Agent «»> TR/#IER
b USB-C ZEO (EIZEIMR)
£#275: Anthropic

A2A (Agent-to-Agent Protocol):
Agent ¢» Agent
Kb MK (&&ERE)
Ai#H: Google (EMIAN Linux EER)

MEBHMIERS, HEM Agent ERIERTZEMINER,

A2A ZIODBE=
, , A2A 1Y . |
| Agent A | | Agent B |
| (BEFPED |  JsoN-RPC 2.0 | (BRSH) |
L | over HTTP(S) ' I
A2A BYRSBESE

e Agent Card (BF): & Agent X2FF—1 JSON iR, FEHECHEEN. ZHFNRE
Vaka¥

o IRENERE: BT JSON-RPC 2.0 over HTTP(S)
o REXEH: THREPIFR/ME. SSE RN FHHIXER
o FEMIME: Agent TERENIRE. ICIZH T AL
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// A2A Agent Card Rffl
const agentCard = {
name: 'code-review-agent',
description: '"fKBBEEELEXR, AIUHEERBREHALBSGEEIN",
url: 'https://my-agent.example.com/a2a',
version: '1.0.0',
capabilities: {
streaming: true,
pushNotifications: false,

3
skills: [
{
id: 'review-code',
name: 'fUR3EZE"',
description: 'EHERBRE. T2MM%EE',
tags: ['code', 'review', 'quality'l,
5
1,

// Bid A2A ARIZE Agent (BERRf)
// npm install @a2a-js/sdk

import { A2AClient } from '@a2a-js/sdk';
const client = new A2AClient('https://code-review-agent.example.com/a2a');

// RXESLHIRIE Agent
const task = await client.sendMessage({
message: {
role: ‘'user',
parts: [{ type: 'text', text: "JBHEZELITMEE: \n''‘js\nfunction add(a, b) { ret
b
P

console.log(task.status); // 'completed’
console.log(task.artifacts); // Agent REIFEELER

@ A2A F 2026 £ 3 B%% v1.0 IERKR, 2% Python/Go/JS/Java/.NET SDK, H{FHIEZ
Agent R, FFAIRBARMEZRE, A2A BIREWBENEIESZR,

5.11 Ihv&
KEMRERET .

. Function Calling FYERIE: LLM JREH + fREVAEBHIT
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. OpenAl Function Calling SEEE5CIR

. HITTRIAR

. TRIGHIEARREN: Bk, TBSHM. RRE—. KIFHER
o 4 MEXLBIAE

. MCP Y] (Agent « TEARAN)

o B A2A YT (Agent — Agent FTEL)

. tool_choice =l

. RemERLK

%3

1. ARA Agent FRII—MEREXHFAB"THE (read_file + IENIEZR)
2. SEI—MEBAY MCP Server, IRIHBEEXTE
3. NFAE TERMZERNEMEIRGE

T—ER(EFS RAG (KFRIERER) , ILIRRY Agent 3E B CRIAIRE,
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B E. RAG 1FIGsRER —— ik Agent:
0

B

-~
[

6.1 fH+4% RAG?

RAG (Retrieval-Augmented Generation, #ZFEIEIRER) ik Al Agent FRIMBEIIRAIZC
AR,

P ALFEE RAG?
LLM B RIATRME

T AGREIEEHE: JIAEIEEEIEEE, FRERHER
2. 2BIEEER: ATHRIARXE. PAZEIE. TIENRES

RAG FRFAR: FIREMXER, BIEEZINASTELS LM, LM EFXEEREE,

B4 LLM:
BRE&E » LM (REECHENR) » BElE (AgEdiasmE)

RAG I%3H:
BRFEm > #EEMINE » EEINNE + [f@—itEs LLN > ERHNEE

JS AR ERIZELE

// %8 RAG: LLM &F"Hig"
function answer(question) {
return 1lm.generateFromMemory(question); // FIEE&EiE

}

// B RAG: FtENIY, BEZ

async function answerWithRAG(question) {
const relevantDocs = await searchKnowledgeBase(question); // 7ti¥
return 1lm.generateWithContext(question, relevantDocs); // B%

}
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6.2 RAG B ERIE

BaMEg (BiRs)

| 1 | 1 | | |
| Ria# |—| xEpr |—| £EE [—| ZAEE |
| PDF/MD/ | | Chunk | | Embedding| | #%iEE |

| RRL/ ... | 1 | | ] | ]
1

Fabk (BRE%)

| 1
| ArRiEE |—| £EREE |—| #FEn |—| 44 | = |LLMEE |

L1 | Embedding| | x#KE& | | Prompt | L——
. I | £ Fx |
1

6.3 LI AR

MEZ#RAN (Embedding)
Embedding SEEEXATR—HHF (B8), BEIERENX SR FTiEPEEEL,

// R > AE

"JavaScript B—MEEES" » [0.12, -0.34, 0.56, ..., 0.78] // 15364im=
"JS B JERIRITES" » [0.11, -0.33, 0.55, ..., 0.771 // AEEHEM!
"SRRSERE" > [0.89, 0.23, -0.67, ..., 0.12] // =&FME

F3 OpenAl &£/ Embedding:

import OpenAI from 'openai';
const openai = new OpenAI({ apiKey: process.env.OPENAI_API_KEY });

async function getEmbedding(text) {
const response = await openai.embeddings.create({
model: 'text-embedding-3-small', // EEHIH
input: text,
3);
return response.data[0].embedding; // iR[E] 1536 E@E=
}

const vec = await getEmbedding('JavaScript B—FREIZIES');
console.log(‘MZE: ${vec.length}'); // 1536
console.log('Hi5/™ME: ${vec.slice(0, 5)}');
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AEE{AE
ARZBNEEEFR I AEES R

/] FRZABMEITR

function cosineSimilarity(vecA, vecB) {
let dotProduct = 0;
let normA = 0;
let normB = 0;

for (let i = 0; i < vecA.length; i+) {
dotProduct += vecA[i] * vecB[i];
normA += vecA[i] * vecA[i];
normB += vecB[i] * vecB[i];

}

return dotProduct / (Math.sqrt(normA) * Math.sqrt(normB));

/] =B

const vecl = await getEmbedding('#1fAfA JavaScript E—ARS28? ');
const vec2 = await getEmbedding('Node.js Bl HTTP BREHIAZE');
const vec3 = await getEmbedding('&$XHPFIZHA? ');

console.log('vecl vs vec2:', cosineSimilarity(vecl, vec2)); // ~0.85 R4#E{
console.log('vecl vs vec3:', cosineSimilarity(vecl, vec3)); // ~0.15 AE{L

XZ&533R (Chunking)
KXHEFBBEVIDH/NMR, SREINEME:
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// SR A RES
function chunkText(text, options = {}) {

const {
chunkSize = 500, /] BRKY 500 MNERT
overlap = 50, // HEPREE 50 NFFRF (RFLTOER)

} = options;

const chunks = [];
let start = 0;

while (start < text.length) {
let end = start + chunkSize;

/) REFEAS. BITRMA, BEIiaF
if (end < text.length) {
const breakPoints = ['\n\n', '\n', 'c ', '. ', ‘L', 72 '];
for (const bp of breakPoints) {
const idx = text.lastIndexOf(bp, end);
if (idx > start + chunkSize * 0.5) {
end = idx + bp.length;
break;

}

chunks. push({
text: text.slice(start, end).trim(Q),

start,
end,

1);

start = end - overlap;

return chunks;

}

// f£R

const longText = ‘E—EERKHNANR .... FZEBERNE .... =K ..., ',

const chunks = chunkText(longText, { chunkSize: 200, overlap: 30 });
console.log(‘93A ${chunks.length} R‘);
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|,

6.4 2hf: MEME—1 RAG 2%

= PR )
rag-demo/
— package. json
F— ingest.mjs # B FANY, BiERs
— search.mjs # SR HERERY

F— rag-chat.mjs # HIE3: RAG 1EIRITIE
— vector-store.mjs # EEHNEEFE
L— docs/ # (REVFIREESAY

— js-basics.md

L— node-guide.md
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SR—. MEEFHE (FRRE)

// vector-store.mjs
import fs from 'fs/promises’';
import OpenAI from 'openai';

const openai = new OpenAI({ apiKey: process.env.OPENAI_API_KEY });

class SimpleVectorStore {
constructor(storePath = './vector-store.json') {
this.storePath = storePath;
this.documents = []; // { id, text, embedding, metadata }

// MEBEBHIE
async load() {
try {
const data = await fs.readFile(this.storePath, 'utf-8');
this.documents = JSON.parse(data);
console.log(‘BMN#E ${this.documents.length} HXEEE");
} catch {
this.documents = [];

!/ RERIXH
async save() {
await fs.writeFile(this.storePath, JSON.stringify(this.documents));

console.log('BfR%F ${this.documents.length} {XHEMEE");
}

// &R Embedding
async getEmbedding(text) {
const response = await openai.embeddings.create({
model: 'text-embedding-3-small',
input: text,
});
return response.data[0].embedding;

}

/] AN
async addDocument(text, metadata = {}) {
const embedding = await this.getEmbedding(text);
this.documents.push({
id: Date.now().toString() + Math.random().toString(36).slice(2),
text,
embedding,
metadata,
3);
}
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// HEEFM
async addDocuments(items) {
// MELEM Embeddings (BEEX)
const texts = items.map(item = item.text);
const response = await openai.embeddings.create({
model: 'text-embedding-3-small',
input: texts,

3);

for (let i = 0; i < items.length; i+) {
this.documents.push({
id: Date.now().toString() + i,
text: items[i].text,
embedding: response.data[i].embedding,
metadata: items[i].metadata || {3},

B;

/] EREAEPARIA
async search(query, topK = 3) {
const queryEmbedding = await this.getEmbedding(query);

/] HBEENXHENEIDRIEMNE
const scored = this.documents.map(doc = ({
.. doc,
score: this.cosineSimilarity(queryEmbedding, doc.embedding),

1));

/] FERIAERERHS, BET K D
return scored
.sort((a, b) = b.score - a.score)
.slice(0®, topK)
.map(({ text, score, metadata }) = ({ text, score, metadata }));

cosineSimilarity(a, b) {
let dot = 0, normA = 0, normB = 0;
for (let i = 0; i < a.length; i+) {
dot += a[i] * b[i];
normA += al[i] * a[il;
normB += b[i] * b[i];
}
return dot / (Math.sqrt(CnormA) * Math.sqrt(normB));

export { SimpleVectorStore };
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PBZ: A

// ingest.mjs — RXHEISARELHIEE

import fs from 'fs/promises’';

import path from 'path';

import { SimpleVectorStore } from './vector-store.mjs';

/] SRGIIR
function chunkText(text, chunkSize = 500, overlap = 50) {
const chunks = [1];
let start = 0;
while (start < text.length) {
let end = Math.min(start + chunkSize, text.length);
if (end < text.length) {
const breakIdx = text.lastIndexOf('\n', end);
if (breakIdx > start + chunkSize * 0.5) end = breakIdx;
}
chunks.push(text.slice(start, end).trim());
start = end - overlap;
}
return chunks.filter(c = c.length > 20); // iTEAFEAIR
}

async function ingestDocs(docsDir) {
const store = new SimpleVectorStore();

// iEENFRE markdown Xf{F
const files = await fs.readdir(docsDir);
const mdFiles = files.filter(f = f.endsWith('.md'));

for (const file of mdFiles) {
console.log('[] A¥E: ${file}");
const content = await fs.readFile(path.join(docsDir, file), 'utf-8');
const chunks = chunkText(content);

console.log(® %A ${chunks.length} R');

!/ HES
await store.addDocuments(
chunks.map((text, index) = ({
text,
metadata: { source: file, chunkIndex: index 1},
1)
)i

await store.save();
console.log(C*"\nf SR # ${store.documents.length} SCI%R");

}
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// &7

await ingestDocs('./docs');
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$IB=": RAG MiF

// rag-chat.mjs — RAG E3BMIHERL

import OpenAI from 'openai';

import * as readline from 'readline';

import { SimpleVectorStore } from './vector-store.mjs';

const openai = new OpenAI({ apiKey: process.env.OPENAI_API_KEY });
const store = new SimpleVectorStore();
await store.load();

async function ragChat(question) {
// E—% BEREXXIE
console.log('Q #EHREXREIR ... ');

const results = await store.search(question, 3);

// BZH: ¥EFH L TXE Prompt

const context = results
.map((r, i) = ‘[X#${i + 1}] (BEXE: ${(r.score * 100).toFixed(1)}%, FKIE: ${
.joinC*\n\n');

const messages = [

{

role: 'system',

content: “fRE—MANRERZEF. RIFERMHHNSE XHOZERF R,

FU0 :
- AERSEXEPNEERE
- MEXEFEEEXEE, WERAERIREPRRLEBAXEE"
- S|ARENIREX RS
- AEEEXHEPEENER
b,
{

role: 'user',

content: ‘&&XHY:
${context}

FRPE#: ${question}’
}
1;

// E=H: LLM EREE

const response = await openai.chat.completions.create({
model: 'gpt-do',
messages,
temperature: 0,

);

return {
answer: response.choices[0].message.content,
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sources: results.map(r = ({

source: r.metadata.source,

score: r.score,

preview: r.text.substring(@, 100) + '... ',
1)),
b
}

/] RXERITE

const rl = readline.createInterface({
input: process.stdin,
output: process.stdout,

3);
function ask() {
rl.question('\nfREY[E)EE: ', async (q) = {
if (q = ‘'exit') { rl.close(); return; }

const { answer, sources } = await ragChat(q);
console.log(*'\n(3 [E%: ${answer}‘);
console.log('\n8 BEFXRE:");
sources.forEach(s = console.log(® - ${s.source} (#HXE: ${(s.score * 100).to
ask(Q);
3);
}

console.log('RAG FIRFERZE (M exit BH) ');
ask(Q);

6.5 FEAT I REHIERE

LHEBY SimpleVectorStore RiEGEFS], LRI BEINERE I RSEIEE:

HE—: Chroma (EZEAN])

npm install chromadb
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// chroma-rag.mjs
import { ChromaClient } from 'chromadb';
import OpenAI from 'openai';

const openai = new OpenAI({ apiKey: process.env.OPENAI_API_KEY });
const chroma = new ChromaClient();

// BIEES
const collection = await chroma.getOrCreateCollection({
name: 'my-knowledge-base',

3);

/] RIS
async function addDocs(texts, metadatas) {
// %R Embeddings
const response = await openai.embeddings.create({
model: 'text-embedding-3-small',
input: texts,

P

await collection.add({
ids: texts.map((_, i) = ‘doc_${Date.now()}_${i}"),
documents: texts,
embeddings: response.data.map(d = d.embedding),

metadatas,
B,
}
// BER

async function search(query, topK = 3) {
const queryEmb = await openai.embeddings.create({
model: 'text-embedding-3-small’,
input: query,
B
return collection.query({

queryEmbeddings: [queryEmb.datal[0].embedding],

nResults: topK,
B

FEZ: A sQlite + A=Y E (&S Electron)
3FF Electron REMNA, FRAARMIBIEEERELEF:

npm install better-sqlite3
# HEAZFHAEN sqlite-vss
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// 3F Electron WA, AJLUBEEFE SQLite F
/] EFHIETTEEA M, TRINPEIEERS

import Database from 'better-sqlite3’;
const db = new Database('knowledge.db');

/] BIER
db.exec(’
CREATE TABLE IF NOT EXISTS documents (
id INTEGER PRIMARY KEY AUTOINCREMENT,
text TEXT NOT NULL,
embedding BLOB NOT NULL,
source TEXT,
created_at DATETIME DEFAULT CURRENT_TIMESTAMP
)
T

// FEME (B Float6udArray F5{b Buffer)
function storeEmbedding(text, embedding, source) {
const buffer = Buffer.from(new FloatéUArray(embedding).buffer);
db.prepare('INSERT INTO documents (text, embedding, source) VALUES (?, ?, 7)')
.run(text, buffer, source);

// R mEFHITEENE
function searchSimilar(queryEmbedding, topK = 3) {
const rows = db.prepare('SELECT id, text, embedding, source FROM documents').all

return rows
.map(row = {
const embedding = Array.from(new Floaté6UArray(row.embedding.buffer));
return {
text: row.text,
source: row.source,
score: cosineSimilarity(queryEmbedding, embedding),
H
3)
.sort(Ca, b) = b.score - a.score)
.slice(0, topK);
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6.6 RAG fL1¢3%15

®I5—: BERER (KBFE + 50

/] A SER PR RARHAILAD
// REER = XERAER + MEELR

async function hybridSearch(query, topK = 5) {
/1. BXHEER

const semanticResults = await store.search(query, topK);

/2. KRBEER
const keywords = query.split(/\s+/);
const KeywordResults = store.documents
.map(doc = ({
.. doc,
keywordScore: keywords.filter(kw =
doc.text.toLowerCase().includes(kw.toLowerCase())
).length / keywords.length,
1))
.filter(d = d.keywordScore > 0)
.sort((a, b) = b.keywordScore - a.keywordScore)
.slice(@, topK);

// 3. BHEE, S5HF

const merged = new Map();

semanticResults.forEach((r, i) = {
merged.set(r.text, {
.. T,
semanticRank: i,
finalScore: r.score * 0.7, // BXINE 70%
});
B;

keywordResults.forEach((r, i) = {
const existing = merged.get(r.text);
if (existing) {
existing.finalScore += r.keywordScore * 0.3; // X<#FIINE 30%
} else {
merged.set(r.text, {
text: r.text,
metadata: r.metadata,
finalScore: r.keywordScore * 0.3,
1),
}
3);

return [ ... merged.values()]
.sort((a, b) = b.finalScore - a.finalScore)
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.slice(0, topK);

FI5=: Query EF
BFPBRBEAER AT, it LLM SR E AE TS ERES:

async function rewriteQuery(originalQuery) {
const response = await openai.chat.completions.create({
model: 'gpt-do-mini',
messages: [
i
role: 'system',
content: 'RAFREREANEESHRENRENEIR, FHH 3 MMAAENEREN, 817
}
{ role: 'user', content: originalQuery }
1,
3);

return response.choices[0].message.content.split('\n').filter(q = q.trimQ));

}

// "React EBALILIERE? " » [

//  "React MBEMILERIEEL",

//  "React useMemo useCallback fERAE",
//  "React AHEBERML"

// ]
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RID=: SIRERBRIAI

// #& Markdown 1REIIR (EEXHE)
function chunkByHeading(markdown) {
const chunks = [];
const sections = markdown.split(/~(#{1,3}\s+.+)$/m);

let currentHeading ;
let currentContent ;

for (const section of sections) {
if (/~#H1,3}\s+/.test(section)) {
if (currentContent.trim()) {
chunks. push({
text: ‘${currentHeading}\n${currentContent}"'.trim(),
heading: currentHeading,

3);
}
currentHeading = section;
currentContent = '';
} else {
currentContent += section;

if (currentContent.trim()) {
chunks. push({
text: ‘${currentHeading}\n${currentContent}"'.trim(),
heading: currentHeading,

3);

return chunks;

/] AR SR EEREXH)
function chunkByFunction(code) {
// ERRRE IR (EFRBERE AST f#ih)
const functionPattern = /(?:function\s+\w+|const\s+\w+\s*=\s*(?:async\s+)?(?:fun
const chunks = [];
let match;

while ((match = functionPattern.exec(code)) == null) {
chunks.push({ text: match[0@], type: 'function' });

}

return chunks;
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6.7 RAG 1£ Agent FRAYEER

¥ RAG 1EA Agent W— T ERfEH:

// % RAG #EZRFIMA Agent TH
const ragTool = {
type: 'function',
function: {
name: 'search_knowledge_base',
description: 'TEFIREFEEEXER. HAFMIMBENE. APL. RELEFRFBMNER, ',
parameters: {
type: 'object',
properties: {
query: {
type: 'string',
description: '#FRZEIH, RAJeEEFFIAREH",
3
topK: {
type: 'number',
description: "REIMFRALERE, A 3',
i
}

required: ['query'],

// Agent EFRZEFNIRNZBHNEAAXTTA
// XLIBFREXIEERZE#F Context EEM. BEER

6.8 /&t
AEREET

. RAG MUIZICVEAR: FAFRMBEXEIR, Hit LM BE1&
BE#N (Embedding) FAENEIEE
XTI IR R

MEHE—EER RAG RGR

T mEHIEENMFER (Chroma. SQLite)

RAG fLibi%I5: BREIEER. Query BEE. 7JIRHHS
RAG 5 Agent BIEERK

%3]
1 BIREERBL M RAXE TN RAG 2%, MIRiAERR
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2. EIXREMSRAN (200/500/1000) , thIIEERE
3. I Query EETHREE, MHERRER

T—ERHTEFS] Agent RBUIEIZREE, 1LIREY Agent ISR RFMHLER B,
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FtE: 1825 LTXEE — ik Agent:
Al

1B

-~

7.1 A4 Agent FECIZ?

RHIRIZH Agent ME—FEE—ERWNEHMEFIE.

BBIBIZ:
BF: HEWA React
Agent: #FHY
WM=IE
BRF: BRE— A%
Agent: {FRERMAELR? (FEFLRIHET)

Biclz:
BR: BRE—1EN
Agent: 8y, HHEIRRIT React, XZ— React A ... (BEFETIRHRI)

7.2 Agent 121218 %

Agent igIZ{A%& |

1 .
ZHAIEIZ | | ItEiEiZ | | KH#RiEIZ | ]

BRI IE | | &MES | | kAFEAL | |
| |

I
|

|

|

|

| | Short-term | | working | | Long-term | ]
|| | | ||
| | SehEETx| | SEESKRE | | BPRE | |

| | BD messages | | IGFZE | | AEEE |

| | %4 | | hiEls | | FEI#ER ||
|| | | ||
| | ESE: | | “enAEH: | | “EdEL: ||
||

| !

L

7.3 FEHRAICIZ: M ETXEE
SERITIZHR messages Hl. HOFER: LFXEOER, TATRIEK,
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B EXKELD?

// WMRSHRIHENM 500 tokens, HIT 200 ¥ = 100,000 tokens
// BMER 128K L TXEHOM=EL, MEERAZESER

FE—: BmEO

IREHRE N FHR!

il

class SlidingWindowMemory {
constructor(maxMessages = 20) {
this.maxMessages = maxMessages;
this.messages = [];
this.systemMessage = null;

}

setSystemMessage(content) {
this.systemMessage = { role: 'system', content };

}

addMessage(message) {
this.messages.push(message);

// BUHRE, RiEmRAER
while (this.messages.length > this.maxMessages) {
this.messages.shift();

}

getMessages() {
// System message AR RBERAIE
return this.systemMessage
? [this.systemMessage, ... this.messages]
[...this.messages];

FE=: Token B EIR
FE iz 4| Token EFHRE:
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class TokenBudgetMemory {
constructor(maxTokens = 4000) {
this.maxTokens = maxTokens;
this.messages = [];
this.systemMessage = null;

}

// tHE&(HE Token #{ (SLPRIMEFR tiktoken FEFEHITE)
estimateTokens(text) {
// EXZ 4 FFF = 1 token, X4 2 FH/F = 1 token
return Math.ceil(text.length / 3);
}

addMessage(message) {
this.messages.push(message);
this.trimToFitBudget();

}

trimToFitBudget() {
let totalTokens = this.messages.reduce(
(sum, m) = sum + this.estimateTokens(m.content || ''),
0
)i

// M=BRVEEFIEMER, BEEMERN

while (totalTokens > this.maxTokens && this.messages.length > 2) {
const removed = this.messages.shift();
totalTokens —= this.estimateTokens(removed.content || '');

}

getMessages() {
return this.systemlMessage
? [this.systemMessage, ... this.messages]
[ ... this.messages];

FR=: BEESRE (REF)
YUIHEARKR, it LLM BIEXEELERRE
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import OpenAI from 'openai';
const openai =

class SummaryMemory f{

new OpenAI({ apiKey: process.env.OPENAI_API_KEY });

constructor(options = {}) {
this.maxMessages = options.maxMessages || 20;
this.summaryThreshold = options.summaryThreshold || 15;

this.messages = [];
this.summary = ''; // [EIEHE

this.systemMessage = null;

setSystemlMessage(content) {
this.systemMessage = { role:

}

async addMessage(message) {
this.messages.push(message);

// HEBHEBEIEE, AEE
if (this.messages.length =
await this.compressHistory();

}

async compressHistory() {
// BXHAEITERIEES#TESE, RESE/LF
const keepRecent = 5;

'system', content };

this.summaryThreshold) {

const oldMessages = this.messages.slice(0, —KeepRecent);

const recentMessages =

if (oldMessages.length = 0) return;
// ik LLM EREE
const conversation = oldMessages

.map(m = ‘${m.role}: ${m.content}")
.joinC'\n");

const response =

this.messages.slice(-keepRecent);

await openai.chat.completions.create({

model: 'gpt-to-mini', // WEA/NMERFBET, B

messages: [
{

role:

content:

'system',

},
{
role: 'user',
content: ‘ZHIFVEE: ${this.summary ||
}
1,
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1),

this.summary = response.choices[0].message.content;
this.messages = recentMessages;

console.log('[7 XMiEBESE, HREE:', this.summary.substring(@, 100) + '...');

getMessages() {
const msgs = [];

// 1. System message
if (this.systemMessage) {
let sysContent = this.systemMessage.content;
// BIEE#HRN system message
if (this.summary) {
sysContent += ‘\n\n## ZHIMFERHE \n${this. summary}";

}

msgs.push({ role: 'system', content: sysContent });
// 2. RIERVER
msgs.push( ... this.messages);

return msgs;

// fERRA

const memory = new SummaryMemory({ maxMessages: 20, summaryThreshold: 10 });

memory .setSystemMessage (' fRE—NRIZENF. ');

await memory.addMessage({ role: 'user', content: 'IXTER React FF&—1 Todo WA' })

await memory.addMessage({ role: 'assistant', content: '$FA9! FFKEMR...' });
/... ZRIEE, HEERSWEMEEARE

7.4 KHERIBIZ: BRIEHAK

KERIEIZiE Agent iIERARIFMALER, IIEHAGKARE.
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EEAXHFEFERE

// long—term-memory.mjs
import fs from 'fs/promises’';

class LongTermMemory {
constructor(storagePath = './agent-memory.json') {
this.storagePath = storagePath;
this.data = {
userPreferences: {}, // BFRI
facts: [1], // FEIREL
taskHistory: [1], [/l ESZHEE
b
}

async load() {
try {
const raw = await fs.readFile(this.storagePath, 'utf-8');

this.data = JSON.parse(raw);
} catch {
/] XHEREFE, BEIAME

async save() {
await fs.writeFile(this.storagePath, JSON.stringify(this.data, null, 2));

}

// BIERF R

async setPreference(key, value) {
this.data.userPreferences[key] = value;
await this.save();

}

getPreference(key) {
return this.data.userPreferences[key];

}

getAllPreferences() {
return this.data.userPreferences;

}

// iBfEEE
async addFact(fact) {
this.data.facts.push({
content: fact,
timestamp: new Date().toISOString(),
});
// REIEEE
if (this.data.facts.length > 1000) {
this.data.facts = this.data.facts.slice(-1000);
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3
await this.save();

}

// BERXERL (FRXEEER)
searchFacts(query) {
const keywords = query.toLowerCase().split(/\s+/);
return this.data.facts.filter(f =
keywords.some(kw = f.content.toLowerCase().includes(kw))
);
}

/] BRESHE
async logTask(task) {
this.data.taskHistory.push({
... task,
timestamp: new Date().toISOString(),
3);
if (this.data.taskHistory.length > 500) {
this.data.taskHistory = this.data.taskHistory.slice(-500);
}

await this.save();

export { LongTermMemory };
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ik Agent BEhIRENFITEEIZIZ

// memory-agent.mjs
import OpenAI from 'openai';
import { LongTermMemory } from './long-term-memory.mjs';

const openai = new OpenAI({ apiKey: process.env.OPENAI_API_KEY });
const longMemory = new LongTermMemory();
await longMemory.load();

// b LLM MISiER B EREVEFIZERIER
async function extractMemories(userMessage, assistantReply) {
const response = await openai.chat.completions.create({
model: 'gpt-Udo-mini',
response_format: { type: 'json_object' },
messages: [
{
role: 'system',
content: ‘SITUATRAFPMBIFNME, RIVESKIRIZIZHESR.
it JSON:
i

"preferences": [
{ ||key||: ||1ﬁ§¥%*ﬂ'{ul "Va.-l.u.e": ||1ﬁ§¥{au }
1,
"facts": [
"R EICERIEL"
1,

"nothing_to_remember": true/false

il
BFiR"#HE TypeScript LbikZ" » preferences: [{"key": "#RIZES", "value": "TypeScrif
BRE"ERSMEE" » nothing_to_remember: true (X2—XMiER, AFEEZ) °
b
{
role: 'user',
content: ‘AP : ${userMessage}\nBhF: ${assistantReply}"
}
1,
B,

return JSON.parse(response.choices[0].message.content);

}

// EEsRIEEREA
async function afterChat(userMessage, assistantReply) {
const memories = await extractMemories(userMessage, assistantReply);

if (!memories.nothing_to_remember) f{
/] EFERYF

for (const pref of (memories.preferences || [1)) {
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await longMemory.setPreference(pref.key, pref.value);
console.log(‘[) iB1FmiF: ${pref.key} = ${pref.value}');

}

/] FEEEL
for (const fact of (memories.facts || [1)) {
await longMemory.addFact(fact);
console.log('[] i2F=EX: ${fact}*);
}
}
}

£ System Prompt HFENKERIEIZ

function buildSystemPromptWithMemory(basePrompt) {
const prefs = longMemory.getAllPreferences();
const prefStr = Object.entries(prefs)

.map(([k, v]) = ‘- ${k}: ${viV)
.join(C'\n"');

return ‘${basePrompt}

#H AFPEG (KHZiZ)
EXAEF R
${prefStr || '&EXL'}

BRIEAF R MEWIRNEZ, fIa0, WMRAF R TypeScript, fUhRAFIFA TypeScript, *

}

7.5 T{Fic1Z: ESHITEERIKE

TRCIZATFRERHAES B FEIRTE:
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class WorkingMemory {
constructor() {
this.currentTask = null;

this.plan = []; /] ESIR
this.completedSteps = [1; // BEEMFE
this.variables = {}; // HETE
this.notes = []; // Agent BYZEiZ

// EEHTES

setTask(task) {
this.currentTask = task;
this.plan = [];
this.completedSteps = [];
this.variables = {};
this.notes = [];

/] AR B
setPlan(steps) {
this.plan = steps.map((step, i) = ({
id: i + 1,
description: step,
status: 'pending',

);

// RIS ETTRY
completeStep(stepId, result) {
const step = this.plan.find(s = s.id == stepld);
if (step) {
step.status = 'completed';
step.result = result;

this.completedSteps.push(step);
}

// FHEREZEE (WERER. TEERSE)
setVariable(key, value) {
this.variables[key] = value;

}

// Agent (AHCEZEIC
addNote(note) {

this.notes.push({ content: note, time: new Date().toISOString() });
}

[/ ERRSHEE, # Lm 5%
getSummary() {

return '
H HEESRE
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£%: ${this.currentTask || 'F'}

HH RITITR
${this.plan.map(s = ‘${s.status == 'completed' ? '[4' : 'O'} ${s.id}. ${s.descri

e RiEZER
${0bject.entries(this.variables).map(([k, v]) = ‘- ${k}: ${JISON.stringify(v).subs

#HHE Agent ZEiT
${this.notes.map(n = ‘- ${n.content}').join('\n') || 'FT'}

A
I

}
}

7.6 TTEICICRFRERK

B=MZIZEEE—ie:
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// memory-system.mjs
import { SummaryMemory } from './summary-memory.mjs';
import { LongTermMemory } from './long-term-memory.mjs';

class AgentMemorySystem {
constructor(options = {}) {
// FEERIEIZ (HiELT)
this.shortTerm = new SummaryMemory({
maxMessages: options.maxMessages || 20,
summaryThreshold: options.summaryThreshold || 15,

3);

/] KHREIZ (FAth)

this.longTerm = new LongTermMemory(options.storagePath);

// IfREIZ (HA1ES)

this.working = new WorkingMemory();

async initialize() {
await this.longTerm.load();

}

// TIESEER system prompt
buildContext(baseSystemPrompt) {
const prefs = this.longTerm.getAllPreferences();
const prefStr = Object.entries(prefs)
.map(CLk, v]) = - ${k}: ${vi™)
.joinC'\n");

const workingState = this.working.getSummary();
let fullPrompt = baseSystemPrompt;

if (prefStr) {
fullPrompt += ‘\n\ni# AFPREF\n${prefStr}";
}

if (this.working.currentTask) {
fullPrompt += ‘\n\n${workingState}";
}

this.shortTerm.setSystemMessage(fullPrompt);
return this.shortTerm.getMessages();

[/ AMIHEEE
async addUserlMessage(content) {
await this.shortTerm.addMessage({ role: 'user', content });

}
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async addAssistantMessage(content) {
await this.shortTerm.addMessage({ role: 'assistant', content });

}

export { AgentMemorySystem };

7.7 E X EORERR

Context Window 4EC |

|

I

|

|

| | System Prompt (EE) | ~15% |
| | + BPRSE | |
| | + IfEEIZRS | |
| | I
| | BEIHEEE | ~10% |

| | |
| | RAG HORER | ~25% |
| | |
| | S&EHEEE | ~30% |

| | |
| | BB EE | ~20% |
| L

|

106 / 295



// ETFXIEEESE

clas
co

es

//

s ContextBudgetManager {

nstructor(maxTokens = 16000) {

this.maxTokens = maxTokens;

this.budget = {
system: Math.floor(maxTokens * 0.15),
summary: Math.floor(maxTokens * 0.10),
rag: Math.floor(maxTokens * 0.25),
conversation: Math.floor(maxTokens * 0.30),
output: Math.floor(maxTokens * 0.20),

timateTokens(text) {
return Math.ceil((text || '').length / 3);

BRER BB AT LIENTE

fitToBudget({ systemPrompt, summary, ragResults, messages }) {

const result = [];

// 1. System prompt (MR, {ERIEEFHEE M)

let sysContent = systemPrompt;

if (summary) {
sysContent += ‘\n\n## IHEHE\n${summary}";

}

if (this.estimateTokens(sysContent) > this.budget.system + this.budget.summary
sysContent = sysContent.substring(®, (this.budget.system + this.budget.summa

}

result.push({ role: 'system', content: sysContent });

// 2. RAG HEREANMILER
if (ragResults && ragResults.length > 0) {
let ragContent = ragResults.map(r = r.text).join('\n\n---\n\n');
if (this.estimateTokens(ragContent) > this.budget.rag) {
ragContent = ragContent.substring(@, this.budget.rag * 3);
}
result.push({
role: 'user',
content: ‘[&FHR]\n${ragContent}"
});

// 3. MEHE (MEFHBFIERE)

let tokenCount = 0;

const conversationMessages = [];

for (let i = messages.length - 1; i = 0; i--) {
const msgTokens = this.estimateTokens(messages[i].content);
if (tokenCount + msgTokens > this.budget.conversation) break;
conversationMessages.unshift(messages[i]);
tokenCount += msgTokens;
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}

result.push( ... conversationMessages);

return result;

}
}

7.8 Electron RZ ARV 1Z 1= %
1E Electron REINAA, B E ZARMIFEIED.
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// electron—-memory-store.mjs

import { app } from 'electron';

import path from 'path';

import fs from 'fs/promises’';

import Database from 'better-sqlite3';

class ElectronMemoryStore {
constructor() {
// Electron WAFHIEER
const userDataPath = app.getPath('userData');
this.dbPath = path.join(userDataPath, 'agent-memory.db');

}

init(Q) {
this.db = new Database(this.dbPath);

this.db.exec(’
RFPmiFER
CREATE TABLE IF NOT EXISTS preferences (
key TEXT PRIMARY KEY,
value TEXT,
updated_at DATETIME DEFAULT CURRENT_TIMESTAMP
)i

-- XEFAER
CREATE TABLE IF NOT EXISTS conversations (
id INTEGER PRIMARY KEY AUTOINCREMENT,
session_id TEXT NOT NULL,
role TEXT NOT NULL,
content TEXT NOT NULL,
created_at DATETIME DEFAULT CURRENT_TIMESTAMP

)i

-- FELEIZR
CREATE TABLE IF NOT EXISTS facts (
id INTEGER PRIMARY KEY AUTOINCREMENT,
content TEXT NOT NULL,
category TEXT,
created_at DATETIME DEFAULT CURRENT_TIMESTAMP

);

- RNEWER

CREATE TABLE IF NOT EXISTS session_summaries (
session_id TEXT PRIMARY KEY,
summary TEXT NOT NULL,
created_at DATETIME DEFAULT CURRENT_TIMESTAMP

\);

/] 1RaFR(E
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setPreference(key, value) {
this.db.prepare(
"INSERT OR REPLACE INTO preferences (key, value, updated_at) VALUES (?, ?, d

).run(key, JSON.stringify(value));
}

getPreference(key) {
const row = this.db.prepare('SELECT value FROM preferences WHERE key = ?').get
return row ? JSON.parse(row.value) : null;

}

getAllPreferences() {
return this.db.prepare('SELECT key, value FROM preferences').all()
.reduce((acc, row) = ({ ...acc, [row.key]: JSON.parse(row.value) }), {});

/] IHERSEIRE
addMessage(sessionId, role, content) {
this.db.prepare(
"INSERT INTO conversations (session_id, role, content) VALUES (?, ?, ?)'
).run(sessionId, role, content);

}

getConversation(sessionId, limit = 50) {
return this.db.prepare(
'SELECT role, content FROM conversations WHERE session_id = ? ORDER BY id DE
).all(sessionId, limit).reverse();

!/ RERIERE
saveSessionSummary(sessionId, summary) {
this.db.prepare(
"INSERT OR REPLACE INTO session_summaries (session_id, summary) VALUES (?, ?
).run(sessionId, summary);

}

export { ElectronMemoryStore };

7.9 ING
AEIRIET :

o [ Agent W=FiCIZ: 52HA. TE. KHA

. 5EHAICIZEIE: BEIEO. Token TNE. HEE4SE
. KEAI2IZ: AP REF. EXICIZ. BabiEiX

. TEIBIZ: ESRESIRER
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. T XEONIE SR
. Electron [ FAFRRY At (g 75 32

%3

1. B — SummaryMemory , JIXIFIE 20 EHIHER=
2. IBKHBICIZIIRENINMREY Agent, 1LEIZEREFP R
3.8 It— N E XIS EEeE, B TEEIBOAR

T—ERITEFEIZ Agent HME, 1LZ Agent AR ERES.
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BI\E: % Agent iIME — 1L EREMFAR T

8.1 At AFEZ Agent?

ME— T ERNREMBEFEZfR. Fin. Uil =RFEHITEE, ERNAESHEEEST
Agent ZE)HER,

B4 Agent vs & Agent

8 Agent % Agent
— Agent B 33D 1 Agent EFE—METIH
System Prompt R KEE % 1 Agent B9 Prompt BIEEF
AH"Sic'HEHNAE® AEsITHR, FREL
BEREEES BEEERES

=R

BPREKR: "BHERFL— Todo NAKGH API"

B Agent AR
— Agent EIRIEZE » &t API » EREB » Bk » EX# » B5E

% Agent AR:
FmEFIE Agent » ZEK, &It API #0
m FAkE Agent - RIBIZITRESHE
& ik Agent > REIMXAG
B X#4 Agent > S API 1Y
@ TBKIE Agent » WMIAMULEFRE Agent

8.2 % Agent MEIET(

BN —: IRFERKE (Sequential Pipeline)
Agent ZEIEIRFFRRIIE, sI— P RVRHEE—TEMAN:
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Agent A » Agent B » Agent C » RERLER
(FXRHOMM) CRERED) HEHEE)

113/295



// sequential-pipeline.mjs
import OpenAI from 'openai';

const openai = new OpenAI({ apiKey: process.env.OPENAI_API_KEY 1});

/] EXRKL&HRR Agent
const agents = {
analyst: {
name: 'FTRHOMIA,
prompt: ‘fRE—NHERBRDNIM. SFAFRER, Hl:
1. IhEEFIR
2. HUERRENGIT
3. API EOBHR
F Markdown #&=Uimit. °,
b

developer: {
name: 'FR#E',
prompt: ‘fRE—1HZR Node.js F.E. RIEFROMNER, HEZTENRIELI,
£ Express 1EZR, KBEL~RRE, °,
5

reviewer: {
name: 'fURIERER',
prompt: ‘fRE—NERHARBEELZR., FERBRE, BHRBHSAESH EHRZRE,
xF: Tt MeE. HIROE. KBS,
b
b

async function callAgent(agentConfig, input) {
console.log(*\n& [${agentConfig.name}] EEIE... ");

const response = await openai.chat.completions.create({
model: 'gpt-do',
messages: [
{ role: 'system', content: agentConfig.prompt },
{ role: 'user', content: input },
1,
temperature: 0,

P,

const output = response.choices[0].message.content;
console.log(' [${agentConfig.name}] 5ERL‘);
return output;

/] RFEHRATRIKE
async function pipeline(userRequest) {
/] B—%: BROM

const analysis = await callAgent(agents.analyst, userRequest);

1147295



/l BEZH: wERS
const code = await callAgent(agents.developer,

VERDIER: \n${analysis}\n\niBRIEU LD HRES AL, *);

// B=%: KIBEHEE
const finalCode = await callAgent(agents.reviewer,

‘RIEE K ${userRequest}\n\nfXig: \n${codeI\n\niEHREHL L RLMA, *);

return { analysis, code, finalCode };

const result = await pipeline('FA—1"HAFEMERE REST API');
console.log('\nE mRELR:', result.finalCode);

B IEEER (Supervisor)
— B Agent MRS ECES. iEEM Agent:

1
| Supervisor| ¢ faEEiHiAE
L____j____J
I | |
| | |
I Y Y Y

|worker A| |Worker B| |worker C|
L Il | I
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// supervisor-pattern.mjs
import OpenAI from 'openai';

const openai = new OpenAI({ apiKey: process.env.OPENAI_API_KEY 1});

class SupervisorAgent {
constructor() {
this.workers = {};

// A} Worker Agent
registerWorker(name, config) {
this.workers[name] = config;

// Supervisor JRIE: PDEESLWT Worker
async delegate(userRequest) {
const workerList = Object.entries(this.workers)
.map(([name, config]l]) = ‘- ${name}: ${config.description}")
.joinC'\n");

const response = await openai.chat.completions.create({
model: 'gpt-do',
response_format: { type: 'json_object' },
messages: [

{

role: 'system',
content: “fRR—IIMBZIE, ATFRKESHELSEEPAK S,

E1)zIEi[IND AR
${workerList}

RIEAFIER, HIEHRITIHL. Ht ISON:

{
||p'Lan||: [
{ "worker": "F{REBFR", "task": "BE{KESIEA", "depends_on": [] }
1,
"summary": "itRIELE"
}

depends_on HIEEHFSBREAMNFIFSIEERS] (MOFFR),
REKMNS B LHITHT.
}
{ role: 'user', content: userRequest }
1,
3);

return JSON.parse(response.choices[0].message.content);

}

// 1T Worker
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async executeWorker(workerName, task, context = '') {
const worker = this.workers[workerName];
if (!worker) throw new Error(‘Worker ${workerName} F7FTE');

const response = await openai.chat.completions.create({
model: 'gpt-do',
messages: [
{ role: 'system', content: worker.prompt },
{
role: 'user',
content: context ? ‘BEEE: \n${context}\n\nfEH: ${task}' : task
b
1,
3);

return response.choices[0].message.content;

}

// ERE

async run(userRequest) {
// 1. &IEIX
console.log('[E) Supervisor IFFEFIEITRI ... ");
const plan = await this.delegate(userRequest);
console.log('it®l: ${plan.summary}*);
plan.plan.forEach((step, i) =

console.log(' ${i + 1}. [${step.worker}] ${step.task}")

);

/] 2. BARBIRFEHRIT

const results = {};

for (let i = 0; i < plan.plan.length; i+) {
const step = plan.plan[il;

/] WEKHTBNERENLETX

const context = (step.depends_on || []1)
.map(depIdx = ‘[FE${depIdx + 1}HIZER] :\n${results[depIdx]}")
.joinC'\n\n");

console.log(*\n[8] $ITHE ${i + 1}: [${step.worker}] ${step.task}');
results[i] = await this.executeWorker(step.worker, step.task, context);

console.log(C B $B ${i + 1} =W");

// 3. Supervisor L2

const summaryContext = Object.entries(results)
.map(([idx, result]) = ‘[FB${Number(idx) + 1}: ${plan.plan[idx].task}I\n${
.joinC'\n\n---\n\n');

const finalResponse = await openai.chat.completions.create({
model: 'gpt-do',
messages: [
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role: 'system',
content: 'fREUBXZIE. FABTHAELES, BESERGAF— M =BNOE,

b
{ role: 'user', content: ‘[RIBFEXK: ${userRequest}I\n\nZFLBHITER: \n${summ
1,
3);
return finalResponse.choices[0].message.content;
}
}
[/ —— ERARG ——

const supervisor = new SupervisorAgent();

supervisor.registerWorker('frontend_dev', {

description: 'BiHFFAEZR, 5B React/Vue/HTML/CSS',

prompt: "fRE—MERFIHFLE, 1@ React I CSS, MHEREMNFIHG, ',
P

supervisor.registerWorker('backend_dev', {

description: 'fFIRFFAEZK, fFiE Node.js/Express/¥IEE",

prompt: 'fRE—PHEZR Node.js FEimFAAE. WMHEFRRENFHLE, ',
});

supervisor.registerWorker('ui_designer', {

description: 'UI &I, {EKAFPEREIRIT",

prompt: 'fRE— UL/UX i&itf. WARREHBMRERIT, FH ASCII art BRL&EE, ',
3);

const result = await supervisor.run('FE—NMEREHNMABERYE, IFXELAFMNITL);
console.log('\n\n[@ |ALER:\n', result);

BRX=": HHLiEX (Debate / Adversarial)
%1 Agent M\ARBIRE SO, B "5t AR EFHNER:
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// debate-pattern.mjs
async function debate(question, rounds = 2) {
const agents = [
{
name: 'FRIWIK',
prompt: 'fRE—NRMENXE, HRTFEIAZNRSMATITE, BIREERSSIEHESHXE,
b
{
name: 'I&WK',
prompt: 'fRE—NMtFIEREE, EFRINAENRAMNKG, BIRBERIAGRHOMS ',
b
1

let history = [];

for (let round = 0; round < rounds; round+) {
for (const agent of agents) {
const context = history.length > 0
? ‘Zai89iTie: \n${history.mapCh = ‘[${h.name}]: ${h.content}').join('\n\n'

const response = await openai.chat.completions.create({
model: 'gpt-do',
messages: [
{ role: 'system', content: agent.prompt },
{
role: 'user',
content: ‘[AE: ${question}\n\n${contextI\n\niFALIRIDH (B ${round +
3
1,
1),

const content = response.choices[0].message.content;
history.push({ name: agent.name, content });
console.log(*\n& [${agent.name}] FE${round + 1}%:\n${content}\n');

/] REE DL
const summary = await openai.chat.completions.create({
model: 'gpt-do',
messages: [
{
role: 'system',
content: "fRE—TMRAEMNMHE, GEFHENAFNWR, LHFENRLEL,
3
i
role: 'user',
content: ‘[AIFA: ${question}\n\nHHEH¥E: \n${history.map(h = ‘[${h.name}]: !
}
1,

119/295



),

return summary.choices[0].message.content;

}

const conclusion = await debate('BEMNIZARIRSEEFEL—THEILTH MVP? ');
console.log('\n&B F£L45iL:\n', conclusion);
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8.3 Agent Z[B]AYiB(S

HEEEIRN

// &Y Agent HERL
class AgentMessageBus {
constructor() {
this.agents = new Map(Q);
this.messageQueue = [];

}

// Eft Agent

register(agentId, handler) {
this.agents.set(agentId, handler);

}

// RiEHE
async send(from, to, message) {
console.log('[™y [${from}] » [${to}]: ${message.type}‘);

const handler = this.agents.get(to);
if ('handler) throw new Error(‘Agent ${to} KRFft‘);

const response = await handler({
from,
... message,

1)

return response;

// THBEB4FRIE Agent
async broadcast(from, message) {
const responses = {};
for (const [agentId, handler] of this.agents) {
if (agentId == from) {

responses[agentId] = await handler({ from, ...message });
}
}
return responses;
}
}
// 1EF

const bus = new AgentMessageBus();

bus.register('planner', async (msg) = {
// SIEHEHIRE]
return { plan: ['FE1', 'FE2'] };
3);
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bus.register('coder', async (msg) = {

if (msg.type == 'write_code') {
return { code: '...' };
}
P
const plan = await bus.send('user', 'planner', {

type: 'create_plan',
content: 'FF&X—1 API'
});

H=BiRIET (Blackboard)

Agent B HZ/Y" ER"WE:
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class Blackboard {
constructor() {
this.data = {};
this.history = [];
}

writeCagentId, key, value) {
this.datal[key] = { value, author: agentId, time: Date.now() };
this.history.push({ action: 'write', agentId, key, time: Date.now() });
}

read(key) {
return this.data[key]?.value;

}

readAl1(Q) {
return Object.fromEntries(
Object.entries(this.data).map(([k, v]) = [k, v.valuel)
)i
}

// RENEBIRRSHEE (AJLUIOAN Agent BY context)
getSummary() {
return Object.entries(this.data)
.map(([key, { value, author }1) = ‘[${key}] by ${author}: ${ISON.stringify(

.joinC'\n");
}
}
// 1ER
const board = new Blackboard();
board.write('analyst', 'requirements', { features: ['&EF', "JiM']l 1);
board.write('designer', 'api_spec', { endpoints: ['/login', '/register'] });

// coder Agent TILUSEENFRE(EERES KD
const requirements = board.read('requirements');
const apiSpec = board.read('api_spec');

8.4 FHIRLIEM A

% Agent AR FEELEEZMMKMIE.
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class ResilientMultiAgent {
async executeWithRetry(agentFn, maxRetries = 2) {
for (let attempt = 0; attempt = maxRetries; attempt+) {

try {
return await agentFn();

} catch (error) {
console.log(* A =il ${attempt + 1} XK. ${error.message}');
if (attempt == maxRetries) {

return { error: ‘Agent HITKM: ${error.message}', fallback: true };

}

async executeWithTimeout(agentFn, timeoutMs = 30000) {
return Promise.race([
agentFn(),
new Promise((_, reject) =
setTimeout(() = reject(new Error('Agent HITHEAI')), timeoutMs)

),
1);
}
async executeWithFallback(primaryAgent, fallbackAgent, task) {
try {
return await this.executeWithTimeout(() = primaryAgent(task));
} catch {

console.log('[E * Agent X, Zid&MA Agent ... ');
return fallbackAgent(task);

}

8.5 A2A thill: EERYE Agent tHMERIIRIE
MENIMEERBRER— T RARDIES D Agent. STBBLREFEARY. FELHD

Agent ThERY, TABEEINENINESMY——A2A (Agent-to-Agent Protocol).

PAHALEE A2A?

RE A2A:
fREY Agent «» BENX API ¢> &fEF Agent A
fRBY Agent ¢» B—F API «» &1/ Agent B
fREY Agent €» X—FIEIL <> SEAH Agent C » N x M FhEEMR

BT A2A:
fREY Agent > A2A thi¥ <> £ A2A FA Agent
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A2A T£% Agent REMAE

A2A 5 MCP Bxb, HEMIARL Agent IMEERS:

¥ fRREY ) R
MCP Agent - TE/#IER
A2A Agent < Agent
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SCE%: A A2A F93EES Agent THME

// BRI Supervisor i@id A2A JAEIRIE Agent
import { A2AClient } from '@a2a-js/sdk';

class A2ASupervisor {
constructor() {
this.remoteAgents = new Map(Q);

}

// EMHZEFE Agent (@id Agent Card URL &IN)

async discoverAgent(cardurl) {
const client = new A2AClient(cardUrl);
const card = await client.getAgentCard();
this.remoteAgents.set(card.name, { client, card });
console.log(' &I Agent: ${card.name} - ${card.description}‘);
return card;

}

/] DEESLIEIE Agent
async delegateTask(agentName, taskContent) {
const agent = this.remoteAgents.get(agentName);
if (lagent) throw new Error(‘Agent ${agentName} FR:Ff');

const task = await agent.client.sendMessage({

message: {
role: 'user',
parts: [{ type: 'text', text: taskContent 1],

}
3);
return task;
}
}
// fER

const supervisor = new A2ASupervisor();

// RIiEiE Agent (EATRILARIERIESRMER)

await supervisor.discoverAgent('https://code—agent.example.com/.well-known/agent. j
await supervisor.discoverAgent('https://test-agent.example.com/.well-known/agent. j

/] IAES

const codeResult = await supervisor.delegateTask('code-agent', 'SEH—4> REST API')

const testResult
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@ A2A v1.0 F 2026 5 3 BIER A%, B%E JS/Python/Go/Java/.NET SDK, 1E5 12 BER
HE—F N BHESEE,

8.6 Z Agent HEIUXIEL
=3 ERR = R=
ARGE, AIEHEEEER
BERKE  SEERIES EEIr - PIRERE
=]
Supervisor ERZEES RGN Supervisor &8 SR
HHe RE DT ZRem| FERIRZ
EiR EEHZRERIMNE VN IASFMS
A2A iZfEth BRF/IEHE Agent T . B A

& E a

Q@ FERREIN: MERMIRFRKEHR, REEEFERNTSIANEERNZ Agent R,
WEERAZ Agent [IBMNIEEMALAE. BREMEZRMTEE A2A Hi

8.7 INg
NEIREET

. % Agent tMERIAENS

MM ERRER . ke, Supervisor. BHE. 2R
A2A ThiY: BER Y Agent THMERT A

Agent (&S]

IR BB RS

Rk FEm

%3
1. AR RN SE I T R - AAE - Mt AR
2. FA Supervisor R SEM—MIMBFIE + 3 PMHAE " NIMERSR
3. BBHOIRTNIEA D Agent THE— NI ARG RS
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T—EBRIEFES] JS EXFERB Agent FRIER, RBAFLKEE,
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BNE: E7 Agent AFRERTH — WBEEA
RIBRE L

9.1 At A ERIEL:?
giE/IEHIIMEFE T Agent IEMER, ELFIBES, ERRAIEZRALL:

o T 80% HIFFIRILES

o FFEEDAMITASEM. ICIZEE. "R
o ZFHRIIENRELE

o £FFE, ARESEMHNRA

JS/TS &R ERFEMAY Agent 1EZE:

EES Efl ERR

Mastra TypeScript Agent 2%1ESE Agent IZF. TEA. MCP ARSS
Vercel Al SDK 2% Al NAAFE Web W FH. Nextjs IH
LangChain.js BH Agent FF& 2 Z¢ Agent. RAG. % Agent
OpenAl Agents SDK OpenAl EJF Agent JrHE % Agent thiE. Guardrails

MCP SDK MCP 1M TEF% AL TERS

9.2 Mastra —— TypeScript £ AE Agent 1B &

Mastra ;2 Gatsby FIPAFTIERY TypeScript Agent #2242, GitHub 22k+ stars, B JS £
BERTTE. HHXRIEEKR Agent FFAIEZR,

71+ 4% Mastra?
o i TypeScript [RE, KBRS, FAAERRE
o —iz: Agent + Workflow + RAG + Memory + Evals + MCP Server, ©ZFRE
o 40+ HEBURMEE, —MZOLIHE OpenAl/Anthropic/Google/DeepSeek &
o REEERL: React. Nextjs. Vercel Al SDK. CopilotKit
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o HFEE: REAWNMYE (OpenTelemetry). & (Evals). A&

RE

# HE: B CLI PuREIEIE

npm create mastra@latest

# FohERE
npm install @mastra/core @mastra/memory

Eiili Agent

// mastra-agent.mjs

import { Mastra } from '@mastra/core';
import { Agent } from '@mastra/core/agent’';
import { openai } from '@ai-sdk/openai';
import { z } from 'zod';

// EXTIH
const weatherTool = {
id: 'get_weather',
description: 'FREUMEEWMHHRSERS",
inputSchema: z.object({
city: z.string().describe('#H/H&M"),
3,
execute: async ({ context }) = {
const mockData = { 'Jt&=': 25, 'LiE': 30, HHI': 32 %,
return { city: context.city, temperature: mockData[context.city] || 20, unit:
b
3

// Bl Agent
const assistant = new Agent({
name: 'weather-assistant',
instructions: '"fRE—NMKRSEIFE, AUTEHHRSHLHFREN, ',
model: openai('gpt-do'),
tools: { get_weather: weatherTool 1},

3);

/] BT

const mastra = new Mastra({ agents: { assistant } });

const agent = mastra.getAgent('assistant');

const response = await agent.generate('itREFMLBEWIEKR? );
console.log(response.text);

Mastra Workflow (EI=XI{ER)
Mastra I T{ERS | ZEAEMNENEE, 2. H17. AL&EH# (Human-in-the-loop) :
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// mastra-workflow.mjs
import { Workflow, Step } from '@mastra/core/workflows';
import { z } from 'zod';

/] EXTE
const analyzeStep = new Step({
id: 'analyze',
inputSchema: z.object({ requirement: z.string() 1),
execute: async ({ context }) = {
// AR LLM SH7ER
return { analysis: ‘BRI MLER: ${context.requirement}" };
b
3);

const codeStep = new Step({
id: 'code',
execute: async ({ context }) = {
return { code: '// HRHINRE ... };
},
3);

const reviewStep = new Step({
id: 'review',
execute: async ({ context }) = {
return { approved: true, feedback: 'REBFEERIF' };
b
P

/] HETER

const devWorkflow = new Workflow({ name: 'dev-pipeline' })
.then(analyzeStep)
.then(codeStep)
.then(reviewStep);

devWorkflow.commit();
const result = await devWorkflow.execute({
triggerData: { requirement: 'J%&—4> REST API' },

3);

console.log(result);
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Mastra Memory (igiZ &%)

// mastra-memory.mjs

import { Agent } from '@mastra/core/agent';
import { Memory } from '@mastra/memory’;
import { openai } from '@ai-sdk/openai';

// BIERHIBIZE Agent
const memory = new Memory();

const agent = new Agent({
name: 'personal-assistant',
instructions: "fR@—MNABNF, iEERAFIREFMHEIE, ',
model: openai('gpt-do'),
memory, // BNEEMIERE + LIFIEIZ + BN
P

// ZRINE, BEEISZ

const resl = await agent.generate('FEXXH TypeScript F%', {
threadId: 'user-123',

3);

const res2 = await agent.generate('¥HEFEFE—TEZME', {
threadId: 'user-123', // [E—1 thread, Agent 2B ZRINRLT

3);

console.log(res2.text); // R4&E TypeScript RIFHETF

Mastra MCP Server
Mastra B] LB IZEIREY Agent ;I TEHEEE 5 MCP Server:

// mastra-mcp-server.mjs
import { MCPServer } from '@mastra/mcp';

const server = new MCPServer({
name: 'my—tools',
version: '1.0.0',
agents: { assistant }, // HiZHEZE Agent
tools: { get_weather: weatherTool },

3);

// BB, £ MCP Client (Claude Desktop. VS Code %) #BaEiEZ
await server.start();

@ Mastra BNE T Evals (k) F4E, sJABNMNNR Agent FYIIHETE, XIHNE
FHREXEE,
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9.3 Vercel Al SDK — FRiE& Web M FYERE

Vercel Al SDK 2B JS/TS ERPRIETE MY Al FFRIEZS, API &%, TypeScript XFREF-

RE

npm install ai @ai-sdk/openai

# MNRAEMERNR MR

# npm install @ai-sdk/anthropic
# npm install @ai-sdk/google

BhibxdiE

// vercel-basic.mjs
import { generateText } from 'ai';
import { openai } from '@ai-sdk/openai';

const { text } = await generateText({
model: openai('gpt-do'),
prompt: 'FA—aIEEREMHARZ JavaScript HE',
3);

console.log(text);

Az

// vercel-stream.mjs
import { streamText } from 'ai';
import { openai } from '@ai-sdk/openai';

const { textStream } = streamText({

model: openai('gpt-to'),

prompt: 'E—EXF JavaScript MWASHEM",
3);

for await (const chunk of textStream) {
process.stdout.write(chunk);

}
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Agent + TE{FH

// vercel-agent.mjs

import { generateText, tool } from ‘'ai';

import { openai } from '@ai-sdk/openai';

import { z } from 'zod'; // Vercel AI SDK F zod EXTES#

const result = await generateText({
model: openai('gpt-do'),
system: "fRR—NERNENF, AIUGERATASEMBA . ',
prompt: 'JbRA_LEHNER? 1,
tools: {
getWeather: tool({
description: 'FREMEEWHHRSES",
parameters: z.object({
city: z.string().describe('#fH&FR"),
B,
execute: async ({ city }) = {
/] EIAKRS API
const data = { '"Jb®=': 25, 'LEiE': 30 };
return { city, temperature: datal[city] || 20, unit: '°C' };
b
3,
b
maxSteps: 5, // mAERTE (Agent Loop)
3);

console.log(result.text);

// EEIHRBFRIRE
for (const step of result.steps) {
if (step.toolCalls) {
for (const tc of step.toolCalls) {
console.log(® & A ${tc.toolName}(${ISON.stringify(tc.args)}) » ${JISON.s

}
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Lttt

// vercel-structured.mjs

import { generateObject } from 'ai';
import { openai } from '@ai-sdk/openai';
import { z } from 'zod';

const { object } = await generateObject({
model: openai('gpt-do'),
schema: z.object({
name: z.string().describe('¥%&"'),
ingredients: z.array(z.string()).describe('B8#%I&"),
cookingTime: z.number().describe('Z/EME (%) '),
difficulty: z.enum(['easy', 'medium', 'hard']).describe('¥E'),
steps: z.array(z.string()).describe('F+E'),
1),
prompt: 'SHLE—MERNELIMIBERE",
P

console.log(JSON.stringify(object, null, 2));
// BMERIERFS schema EXBILEH

SRR
// Vercel AI SDK mAMIMmZ—: F—8 API, YIRRERFEHR—1T
import { openai } from '@ai-sdk/openai';
import { anthropic } from '@ai-sdk/anthropic';

import { google } from '@ai-sdk/google';

/] RIBESEERE

const models = {

fast: openai('gpt-tdo-mini'), /] RRERES
powerful: openai('gpt-to'), // BRES
code: anthropic('claude-sonnet-4-20250514'), // {XI3{Es
long: google('gemini-2.5-pro'), // BEKLETX

3

// fERBTRFMR model S

const { text } = await generateText({
model: models.code, // HEXEF1T
prompt: '...',

B

9.4 LangChain.js — IEERERY Agent 1ESE
LangChain BB aIESRTTERN Agent 1EZ2, EAWEEZM Agent RS,
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RE

npm install langchain @langchain/openai @langchain/core

BhikfER

// langchain-basic.mjs
import { ChatOpenAI } from '@langchain/openai';
import { HumanMessage, SystemlMessage } from '@langchain/core/messages’;

const model = new ChatOpenAI({
modelName: 'gpt-do',
temperature: 0,

B);
const response = await model.invoke([

new SystemMessage('fRE—1 JavaScript TR, '),
new HumanMessage('f#¥—T Event Loop'),

1;

console.log(response.content);
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LangChain Agent + TH

// langchain-agent.mjs

import { ChatOpenAI } from '@langchain/openai';

import { DynamicTool } from '@langchain/core/tools';

import { createReactAgent } from '@langchain/langgraph/prebuilt’;

const model = new ChatOpenAI({ modelName: 'gpt-Uo', temperature: 0 });

// EXTIH
const tools = [
new DynamicTool({
name: 'calculator',
description: 'ATFHFEHE. BAHERER, RETEER. ',
func: async (input) = {
try {
const sanitized = input.replace(/[*0-9+\-*/().%\sl/g, '');
const result = Function('"use strict"; return (${sanitized})')Q);
return String(result);
} catch {
return 'IHEEIR';
}
b
3,
new DynamicTool({
name: 'get_current_time',
description: 'FREXHaFIHEAFIETE]",
func: async () = new Date().toLocaleString('zh-CN'),
3,
1;

// Bl ReAct Agent

const agent = createReactAgent({
1lm: model,
tools,

1);
/] BT

const result = await agent.invoke({
messages: [{ role: 'user', content: 'HITEJ/L=? it&E 12345 * 67890 FF%/L? ' 11,

3);

console.log(result.messages.at(-1).content);
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LangChain RAG

// langchain-rag.mjs

import { ChatOpenAI, OpenAIEmbeddings } from '@langchain/openai’;

import { MemoryVectorStore } from 'langchain/vectorstores/memory’;

import { RecursiveCharacterTextSplitter } from 'langchain/text_splitter';

/] 1. EEXY
const documents = [
'$5—&: JavaScript B—MmIERENEE ...,

'$5°%F: Node.js 2 JavaScript HIRRSIHIEITH ... ',
'8 = Express mimiTHl Node.js Web 1EZ ... "',

1

// 2. DR

const splitter = new RecursiveCharacterTextSplitter({
chunkSize: 500,
chunkOverlap: 50,

1),

const docs = [];

for (const text of documents) {
const chunks = await splitter.createDocuments([text]);
docs.push( ... chunks);

}

// 3. MELHEE
const vectorStore = await MemoryVectorStore.fromDocuments(

docs,
new OpenAIEmbeddings()

);

// 4. BE
const results = await vectorStore.similaritySearch('Express /EABIZERE? ', 3);
console.log("#EZRLER: ', results.map(r = r.pageContent));

// 5. &5 LM BF

const model = new ChatOpenAI({ modelName: 'gpt-udo' });

const context = results.map(r = r.pageContent).join('\n\n');

const response = await model.invoke([
{ role: 'system', content: ‘RIBUTESZEFEEEER: \n${context}" },
{ role: 'user', content: 'Express :EABJEKRHE? ' I,

D;

console.log(response.content);

9.5 OpenAl Agents SDK —— B 75 Agent fmHfFE

OpenAl 7£ 2025 F£4 % 7 E K APl 7. Responses APl EXfX T |[HAY Chat Completions +
Assistants API, FiEH 7 FFRRY Agents SDK FiF% Agent 4w#k.

138/295



A BEETE: Assistants APl ITXIF 2026 FH{EA, #HMEEFEHH Responses AP,

Responses APl (&¥f)

// openai-responses.mjs
import OpenAI from 'openai';

const openai = new OpenAI({ apiKey: process.env.OPENAI_API_KEY });

// OpenAl E¥iHJ Responses API (20258 %)
// RET Agent Ihag: THRIEM. RBBHIT. XHER
const response = await openai.responses.create({
model: 'gpt-do',
input: '#EEIITXEE ISON FIEMLEN ',
tools: [
{ type: 'code_interpreter' }, // AEREHITIA
1,
P

console.log(response.output_text);

Responses APl RE TR AT A:

// Responses API RETEEMH

const response = await openai.responses.create({

model: 'gpt-do',
input: '"#ERSKBEHE",

tools: [
{ type: 'web_search_preview' }, // HNEMIEER
{ type: 'file_search', // AEXHRZE
vector_store_ids: ['vs_xxx'] 1},
{ type: 'code_interpreter' }, // REREHRIT
{ type: 'computer_use_preview', // Computer Use (Fi%

display_width: 1024, display_height: 768, environment: 'browser' },
1
P

console.log(response.output_text);

OpenAl Agents SDK (2 Agent ZgH)
OpenAl B9FFIR Agents SDK 121 T % Agent tIMENE A AR (AL Swarm EEKTIR)
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# = BA1XEF Python, Node.js hRZEMEH#EE
# pip install openai-agents

from agents import Agent, Runner, WebSearchTool, function_tool, guardrail

@function_tool

def submit_refund(item_id: str, reason: str):
# IBFUTIE
return "success"

support_agent = Agent(
name="Support",
instructions="fREXAR Agent, BILILIERFR, ",
tools=[submit_refund],

shopping_agent = Agent(
name="Shopping",
instructions="{REW¥EIF, TUERDM. ",
tools=[WebSearchTool()],

# Triage Agent BrnhiHEISEMNTZ I Agent

triage_agent = Agent(
name="Triage",
instructions="Y§AFBHFEMMAI Agent, ",
handoffs=[shopping_agent, support_agent], # Handoffs 1E5#32

# 1517
output = Runner.run_sync(

starting_agent=triage_agent,

input="FEEH",

Agents SDK BIRZIOMFI4E :

e Handoffs ({£53#53%): Agent 8155 BERE3TIEHIMN
e Guardrails (Z24F12) . AIRENBN/AHEZENE
o BIRSAIMNE: "IRL{L Agent HITENID
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Assistants APl (EMI&{EH)

// openai-assistant.mjs
import OpenAI from 'openai';

const openai = new OpenAI({ apiKey: process.env.OPENAI_API_KEY });

// 1. BI#E Assistant

const assistant = await openai.beta.assistants.create({
name: 'Code Helper',
instructions: '{RR—MREIZEIF, BEBIEFE JavaScript 8, ',
model: 'gpt-do',
tools: [{ type: 'code_interpreter' }],

B);

/2. BIERIE
const thread = await openai.beta.threads.create();

// 3. REFHBER
await openai.beta.threads.messages.create(thread.id, {
role: ‘'user',
content: 'AA JavaScript SEIEERAREENTI, HitEwi20m',
B

// 4. BIT Assistant
const run = await openai.beta.threads.runs.createAndPoll(thread.id, {
assistant_id: assistant.id,

1);

// 5. FRERE

if (run.status == 'completed') {
const messages = await openai.beta.threads.messages.list(thread.id);
const lastMsg = messages.datal[0];
console.log(lastMsg.content[0].text.value);

}
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9.5 EZREIFIEE

9.6 IEZREIRIEE

RNFERZEFA?

|

— TypeScript Agent A (£Ih#E: Agent + RAG + igfz + L{EM)
| b Mastra (Hi%)

|
F— ZE5 Next.js/React REEM
| b Vercel AI SDK (AI5 Mastra &£&

|
8% Agent (RAG + TH + % Agent)
g 9
| Ls LangChain.js =} Mastra

— % Agent %#k + Guardrails (Python)
| L OpenAI Agents SDK

|
F— SERECHTAMY
| L McP SDK

L— Electron SEEMNHA
Ls Mastra 3 Vercel AI SDK + HiE#&EiR

KAV TF
{E/ JS/TS FREFIE Agent NZF .

1. B3% Mastra — IIREER 2 MM TS Agent 1R, RE
Agent/Workflow/RAG/Memory/Evals/MCP

2. Web FZFFH Vercel Al SDK — API 52{&175, Nextjs &R (Mastra tiEFE)
3. MCP £ E /5 MCP SDK 3 Mastra RE 15
4. B2 R4 Mastra Memory SRESRMEGEERE (BEF75)
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9.7 324%: FB Vercel Al SDK #9352 % Agent

// complete-agent.mjs

import { generateText, streamText, tool } from 'ai';
import { openai } from '@ai-sdk/openai';

import { z } from 'zod';

import fs from 'fs/promises';

import path from 'path';

// TEEX
const agentTools = {
readFile: tool({
description: "IREXNXHAR',
parameters: z.object({
filePath: z.string().describe('XHERE"),
3,
execute: async ({ filePath }) = {
try {
const content = await fs.readFile(filePath, 'utf-8');
return { success: true, content };
} catch (err) {
return { success: false, error: err.message };
}
b
3,

writeFile: tool({
description: 'EAXHERE',
parameters: z.object({
filePath: z.string().describe('XH#E&E"),
content: z.string().describe('BEEANMRF"),
3,
execute: async ({ filePath, content }) = {
try {
await fs.mkdir(path.dirname(filePath), { recursive: true });
await fs.writeFile(filePath, content, 'utf-8');
return { success: true };
} catch (err) {
return { success: false, error: err.message };

listDir: tool({
description: 'FIHERAR',
parameters: z.object({
dirPath: z.string().describe('BRE®&E'),
3,
execute: async ({ dirPath }) = {
try {
const entries = await fs.readdir(dirPath, { withFileTypes: true });
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return {
items: entries.map(e = ({
name: e.name,
type: e.isDirectory() ? 'dir' : 'file’,
1)),
b
} catch (err) {
return { error: err.message };
}
b
3,

searchInFile: tool({
description: 'TEXHHIEERNAE",
parameters: z.object({
filePath: z.string().describe('XHE&E'),
searchText: z.string().describe('EBEEREMNINAE"),
3,
execute: async ({ filePath, searchText }) = {
try {
const content = await fs.readFile(filePath, 'utf-8');
const lines = content.split('\n');
const matches = [];
lines.forEach((line, idx) = {
if (line.tolLowerCase().includes(searchText.toLowerCase())) {
matches.push({ line: idx + 1, content: line.trim() });
}
3);
return { matches, total: matches.length };
} catch (err) {
return { error: err.message };

b

// BRI Agent 1T
async function runAgent(userMessage) {
const { textStream, steps } = streamText({
model: openai('gpt-Uo'),
system: ‘“fRR— 1 REREBF Agent. REILURE X, 1EFRMA,
BN P e RZES. TERITXHRERT, BRSHAPRREMT 4.
prompt: userMessage,
tools: agentTools,
maxSteps: 10,
3);

// R
for await (const chunk of textStream) {
process.stdout.write(chunk);

}

console.log();
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}

/] BT
await runAgent('FIHHFIER THFIBEXH');

9.8 &L

RERFET !

Mastra — TypeScript £ & &EEBY Agent 1EZE
Vercel Al SDK — Bxf&7EHY Al FFRHESS
LangChainjs — &R 2 EHY Agent 1E5E

OpenAl Agents SDK — B/ % Agent aHEH =
NEZREHRIEm

FANEZRHIFESEEE Agent FYSEE

%3]

1. B3 Mastra 82— N& TEMIZIZAY Agent

2. F Vercel Al SDK SEHl—N i T EAIXHE Agent
3. F LangChain.js SRIl— RAG [R1 &R 4E

4. FLEAREMEZRM A R AL, SEFERREIREY

T—ERAHIZNE LI —— F Electron ¥ £ M Al Agent R 3!
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afed iy

$B+E:. Electron + Al Agent 3:4£%
Haeld B

XEABENZOLDET, BITSIEEEIINPMERMIRESIER, A Electron 9@ —15EE
BIS=2E Al Agent RZFH.

10.1 Rzt

AWMt A?
— &7 "SmartDesk" FWRE Al B1F, IhaEEHE:

e (35 AxE CRAAL, FTFVHR)

S ERAIR (E5XfH. iTme. #HR)

(] 2284 (BEAF R, BRiEHAK)
& RAG FRE (SAZHINXAY, EFHIREE)
REER (BCE APl Key. EFRIEE)

R

HilE CEZ#HFZ): HTML + CSS + R4 JS ((RiEfEE)
fai% (E##2): Electron + Vercel AI SDK
=fiE: SQLite (better-sqlite3)
BE: Electron IPC
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Electron [ZFH

T
|
|
| 1 IPC |
| | B | — | Ei#ti2 | |
| | CRenderer) | | C(Main) |
| | | | |
|| | | m— |
| | | BRR@E | | | | AT Agent | |
| | | Eez=x | | | 51% .
| | | #wAE | | —— |
|| | ®EER | | m |
| ]! b | | TA®EER | |
|| | | —— |
| | | | |
|| | | | iBlzezfE | |
| | | | V———— |
| ! I L |
L
|

| S—

| LLM API | OpenAI / Ollama

1

10.2 B #Ya

el FERGIY S|
mkdir smart-desk && cd smart-desk

# #9a1L
npm init -y

# LIRIRH

npm install electron --save-dev
npm install ai @ai-sdk/openai zod better-sqlite3 dotenv
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il=Eet )

smart-desk/
— package.json

— .env # API Key ECE (FEREXRE Git! )
— .gitignore
" # THIZAE

— index.js # Electron A0

— agent.js # AI Agent 5|

— tools.js # TRAEN

F— memory. js # iCIZR%

L

ipc-handlers. js # IPC JHEIE

.1
]
>S5
[X
m
.1
m
]
~

# BERFHIZAED
F— index.html # EOUAE
— styles.css # B
— app.js # BIURIZLE
L— preload.js # FNNEEAS
data/ # HZIEER

L— .gitkeep

package.json
{
"name": "smart-desk",
"version": "1.0.0",
"main": "main/index.js",
"scripts": {
"start": "electron .",
"dev": "electron . --dev"
}
}
.env

OPENAI_API_KEY=sk-your-key-here

.gitignore

node_modules/
.env

data/*.db
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10.3 E#F2: Electron AN

// main/index.js

import { app, BrowserWindow, ipcMain } from 'electron';
import path from 'path';

import { fileURLToPath } from 'url';

import 'dotenv/config’';

import { setupIpcHandlers } from './ipc-handlers.js';

const __dirname = path.dirname(fileURLToPath(import.meta.url));
let mainWindow;

function createWindow() {
mainWindow = new BrowserWindow({
width: 900,
height: 700,
minWidth: 600,
minHeight: 500,
webPreferences: {

preload: path.join(_dirname, '../renderer/preload.js'),
contextIsolation: true, // ¥%£: ABRLTXRE
nodeIntegration: false, // &2 2 Node &%

b
titleBarStyle: 'hiddenInset',

title: 'SmartDesk AI',
B

mainWindow.loadFile(path.join(__dirname, '../renderer/index.html'));

}

app.whenReady() .then(() = {
createWindow();
setupIpcHandlers(ipcMain, mainWindow);

1),

app.on('window-all-closed', () = {
if (process.platform == 'darwin') app.quit();
3);

app.on('activate', O = {

if (BrowserWindow.getAllWindows().length == 0) createWindow();
P

149/ 295



10.4 FNEHZA . B2

// renderer/preload.js
const { contextBridge, ipcRenderer } = require('electron');

/] REMBE API L{IERHIE
contextBridge.exposeInMainWorld('agent', {
/] BFHEBLH Agent
sendMessage: (message) = ipcRenderer.invoke('agent:send-message', message),

// BIrRREE
onStreamChunk: (callback) = {
ipcRenderer.on('agent:stream—-chunk', (_, chunk) = callback(chunk));

b

// BEITRREER
onStreameEnd: (callback) = {
ipcRenderer.on('agent:stream-end', (_, data) = callback(data));

H

// BRTRIFAREH
onToolCall: (callback) = {
ipcRenderer.on('agent:tool-call', (_, data) = callback(data));

H

// IRELFHIERSE
getHistory: () = ipcRenderer.invoke('agent:get-history"'),

/] EERISIERSE

clearHistory: () = ipcRenderer.invoke('agent:clear-history'),

// GEEX
getSettings: () = ipcRenderer.invoke('settings:get'),
saveSettings: (settings) = ipcRenderer.invoke('settings:save', settings),

1),

150/ 295



10.5 Al Agent 5%

// main/agent.js

import { streamText, tool } from 'ai';

import { createOpenAI } from '@ai-sdk/openai';
import { z } from 'zod';

import { getTools } from './tools.js';

import { MemoryStore } from './memory.js';

class AgentEngine {
constructor() {
this.memory = new MemoryStore();
this.conversationHistory = [];
this.model = null;
}

initialize(config = {}) {
const provider = createOpenAI({
apiKey: config.apiKey || process.env.OPENAI_API_KEY,
baseURL: config.baseURL, // Z#FEEX API it (41 Ollama. DeepSeek)
3);

this.model = provider(config.model || 'gpt-do');
this.memory.init(Q);

/] TNEFBF R

this.userPreferences = this.memory.getAllPreferences();

buildSystemPrompt() {
const prefsStr = Object.entries(this.userPreferences)
.map(C[k, v1) = - ${k}: ${vi*)
.joinC'\n");

return ‘{2 SmartDesk, —MMETITHEFPE@EM AL BhF:,

#H BEST

- {RAI LR B sS4
- fRARITR RS S
- {RAI LIS ERA P B

#H A

- PITXXH B NSERIRER, SEAR
- RIFCEEEEH

- REBAREREE, /18HES

${prefsStr ? ‘## AFPRIF\n${prefsStr}" : ''}%;
}

/] %t RERFEE CRztiEh)

async processlessage(userMessage, onChunk, onToolCall, onEnd) {
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/] MNFRE
this.conversationHistory.push({
role: 'user',
content: userMessage,

B);

// BREIAHEKE
if (this.conversationHistory.length > 30) {
this.conversationHistory = this.conversationHistory.slice(-20);

}

try {
const { textStream, steps } = streamText({

model: this.model,
system: this.buildSystemPrompt(),
messages: this.conversationHistory,
tools: getTools(),
maxSteps: 8,
temperature: 0,

});
let fullResponse = '';

// mlia

for await (const chunk of textStream) f{
fullResponse += chunk;
onChunk(chunk);

// FBLRER (TREAR%)
const allSteps = await steps;
const toolCalls = [];
for (const step of allSteps) {
if (step.toolCalls) {
for (const tc of step.toolCalls) {
toolCalls.push({
tool: tc.toolName,
args: tc.args,
result: tc.result,
B
onToolCall({
tool: tc.toolName,
args: tc.args,
result: tc.result,

});

// REFBFRIERIFHE
this.conversationHistory.push({
role: 'assistant',
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content: fullResponse,

B,

/] REFEFFATFE
this.memory.addConversation('user', userMessage);
this.memory.addConversation('assistant', fullResponse);

onEnd({ text: fullResponse, toolCalls });

// BHSEEGEIZ (REZEEES)
this.extractMemories(userMessage, fullResponse).catch(() = {});

} catch (error) {
onEnd({ error: error.message });

[/ MIFTERRENKERIZIZ
async extractMemories(userMessage, assistantReply) {
// ERNFNEEE (BRILA LLM 2B, SFEH1H)
const prefPatterns = [
{ regex: /(2 EWR|MREF[IBR) 2 AIEAI\s*(\S+)/g, key: "fRIFITH' },
{ regex: /EREB(2:—N—R)?\s*x(\S+(2: A& | T2 |EFRE|KITIH)) /g, key: 'BRk!
{ regex: /FE(2:TEIAN\s*(\S+)\s*(?: A& |TE)/g, key: 'TIEIFIR' },
1

for (const pattern of prefPatterns) {
const match = pattern.regex.exec(userlMessage);
if (match) {
this.memory.setPreference(pattern.key, match[1]);
this.userPreferences[pattern.key] = match[1];
}
}

clearHistory() {
this.conversationHistory = [];

}
getHistory() {

return this.conversationHistory;

}
}

export { AgentEngine };
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10,6 THENX

// main/tools.js

import { tool } from 'ai';

import { z } from 'zod';

import fs from 'fs/promises’';

import path from 'path';

import { exec } from 'child_process';
import { promisify } from 'util';

const execAsync = promisify(exec);

export function getTools() {
return {
readFile: tool({
description: "JREXAMINXHHIRZAE',
parameters: z.object({
filePath: z.string().describe(' XHRILEIKEZE"),
3,
execute: async ({ filePath }) = {
try {
const content = await fs.readFile(filePath, 'utf-8');
// TREIRE A
if (content.length > 10000) {
return {
content: content.substring(0, 10000),
truncated: true,
totalSize: content.length,
i
}
return { content };
} catch (err) {
return { error: err.message };

writeFile: tool({
description: '"RBEBANEMMHE',
parameters: z.object({
filePath: z.string().describe(' XHRILEXMKEZE"),
content: z.string().describe('EEANMAZR"),
1),
execute: async ({ filePath, content }) = {
try {
await fs.mkdir(path.dirname(filePath), { recursive: true });
await fs.writeFile(filePath, content, 'utf-8');
return { success: true, path: filePath };
} catch (err) {
return { error: err.message };
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H
3,

listDirectory: tool({
description: 'FIHBERTHXHHNFER',

parameters: z.object({
dirPath: z.string().describe('BRM4EIEEZE"),

3,
execute: async ({ dirPath }) = {
try {
const entries = await fs.readdir(dirPath, { withFileTypes: true });
return {

items: entries.slice(0, 100).map(e = ({
name: e.name,

type: e.isDirectory() ? 'dir' : 'file',
1)),
total: entries.length,

3
} catch (err) {
return { error: err.message };
}
b
3),

runCommand: tool({
description: 'ERUEFHITHS ((RBREMIEHT) ',
parameters: z.object({
command: z.string().describe('EHITHHS),
3,
execute: async ({ command }) = {
// BE2NE
const dangerous = [/rm\s+-rf?/i, /del\s+\/[sfl/i, /format/i, /mkfs/i];
if (dangerous.some(p = p.test(command))) {
return { error: '{EEHITERKRB S’ };
}
if (/[;&]'$1/.test(command)) {
return { error: 'FRAFERAEENHIEENT" I,
}

try {
const { stdout, stderr } = await execAsync(command, {
timeout: 15000,
maxBuffer: 1024 * 1024,
3);
return { stdout: stdout.substring(®, 5000), stderr };
} catch (err) {
return { error: err.message };
}
b
3,

searchFiles: tool({
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description: 'EREEBRPEREEREXENXXMG',
parameters: z.object({
directory: z.string().describe('{#ZEMIRER"),
searchText: z.string().describe('E#ZEMNZA"),
filePattern: z.string().optional().describe('XMHR@BERF, W *.js'),
3,
execute: async ({ directory, searchText, filePattern }) = {
const results = [];

async function searchDir(dir, depth = 0) {
if (depth > 5 || results.length > 20) return;

try {
const entries = await fs.readdir(dir, { withFileTypes: true });
for (const entry of entries) {
if (entry.name.startswWith('.') || entry.name == 'node_modules') con

const fullPath = path.join(dir, entry.name);

if (entry.isDirectory()) {

await searchDir(fullPath, depth + 1);
} else if (entry.isFile(Q)) {

if (filePattern && !entry.name.match(

new RegExp(filePattern.replace(/\*/g, '.*').replace(/\?/g, '.'))
)) continue;

try {
const content = await fs.readFile(fullPath, 'utf-8');
const lines = content.split('\n');
for (let i = 0; i < lines.length; i+) {
if (lines[i].toLowerCase().includes(searchText.toLowerCase()))
results.push({
file: fullPath,
line: i + 1,
content: lines[i].trim().substring(0®, 200),
3);
if (results.length = 20) return;
}
}
} catch {3}

}
} catch {}

await searchDir(directory);
return { results, total: results.length };
b
3,
H
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10.7 iB1Z =& R

// main/memory.js

import Database from 'better-sqlite3';
import { app } from 'electron';

import path from 'path';

class MemoryStore {
init(Q) {
const dbPath = path.join(app.getPath('userData'), 'smartdesk.db');
this.db = new Database(dbPath);

this.db.exec(®
CREATE TABLE IF NOT EXISTS preferences (
key TEXT PRIMARY KEY,
value TEXT NOT NULL,
updated_at TEXT DEFAULT (datetime('now'))

);

CREATE TABLE IF NOT EXISTS conversations (
id INTEGER PRIMARY KEY AUTOINCREMENT,
session_id TEXT NOT NULL,
role TEXT NOT NULL,
content TEXT NOT NULL,
created_at TEXT DEFAULT (datetime('now'))

);

CREATE TABLE IF NOT EXISTS settings (
key TEXT PRIMARY KEY,
value TEXT NOT NULL
);
s

this.sessionId = Date.now().toString(36);
}

/] RS
setPreference(key, value) {
this.db.prepare(
"INSERT OR REPLACE INTO preferences (key, value, updated_at) VALUES (?, ?, d
).run(key, value);

getPreference(key) {
const row = this.db.prepare('SELECT value FROM preferences WHERE key = ?').get

return row?.value;

}

getAllPreferences() {
return this.db.prepare('SELECT key, value FROM preferences').all()
.reduce(Cacc, row) = ({ ...acc, [row.key]l: row.value }), {});
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// &
addConversation(role, content) {
this.db.prepare(
'"INSERT INTO conversations (session_id, role, content) VALUES (?, ?, ?)'
).run(this.sessionId, role, content);

/&'
setSetting(key, value) {
this.db.prepare(
'INSERT OR REPLACE INTO settings (key, value) VALUES (?, ?)°
).run(key, JSON.stringify(value));

}

getSetting(key) {
const row = this.db.prepare('SELECT value FROM settings WHERE key = ?').get(ke
return row ? JSON.parse(row.value) : null;

}
getAllSettings() {

return this.db.prepare('SELECT key, value FROM settings').all()
.reduce((Cacc, row) = ({ ...acc, [row.key]: JSON.parse(row.value) }), {3});

export { MemoryStore };
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10.8 IPC EIEE

// main/ipc-handlers. js
import { AgentEngine } from './agent.js';

const agent = new AgentEngine();

export function setupIpcHandlers(ipcMain, mainWindow) {
// #0351t Agent
agent.initialize();

/] MIERPER
ipcMain.handle('agent:send-message', async (event, message) = {
return new Promise((resolve) = {
agent.processlMessage(
message,
// Wz chunk [E]3A
(chunk) = {
mainWindow.webContents.send('agent:stream-chunk', chunk);
3
// TREREAE
(toolCallInfo) = {
mainWindow.webContents.send('agent:tool-call', toolCalllInfo);
b
// SERK[ElA
(result) = {
mainWindow.webContents.send('agent:stream-end', result);
resolve(result);
}
);
B
3);

// FREUAE
ipcMain.handle('agent:get-history', () = {
return agent.getHistory();

1

// ERRIAE
ipcMain.handle('agent:clear-history', () = {
agent.clearHistory(Q);
return { success: true };

b;

/IR EERE
ipcMain.handle('settings:get', () = {
return agent.memory.getAllSettings();

P

ipcMain.handle('settings:save', (event, settings) = {
for (const [key, value] of Object.entries(settings)) {
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agent.memory.setSetting(key, value);

¥
// BB Agent (RZAAFTIEE)

agent.initialize(settings);
return { success: true };

);
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10.9 BUVRSRE

¢!— renderer/index.html —
<IDOCTYPE html>
<html lang="zh-CN">
<head>
<meta charset="UTF-8">
<meta name="viewport" content="width=device-width, initial-scale=1.0">
<meta http-equiv="Content-Security-Policy" content="default-src 'self'; style-sr
<title>SmartDesk AI</title>
<link rel="stylesheet" href="styles.css">
</head>
<body>
<div id="app">
€l— tRAts —
<header class="title-bar">
<h1>@& SmartDesk AI</h1>
<div class="title-actions">
<button id="btn-clear" title=";&k3HiE">W </button>
<button id="btn-settings" title="i&E">{}</button>
</div>
</header>

cl— PRXEE —
<main id="chat-container">
<div id="messages">
<div class="message assistant">
<div class="message-content">
freF! FZ SmartDesk, fREVRE Al BhF. HAILFMREXH. HiTe<. BRA.
</div>
</div>
</div>
</main>

“l— A —
<footer class="input-area">
<textarea
id="user-input"
placeholder="3INHEE ... (Enter %X, Shift+Enter 1T)"

rows="1"
></textarea>
<button id="btn-send">%ki%</button>
</footer>

€— REER —
<div id="settings-panel" class="hidden">
<div class="settings-overlay" onclick="toggleSettings()"></div>
<div class="settings-content">
<h2>g&</h2>
<label>
API Key
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<input type="password" id="setting-api-key" placeholder="sk-...">
</label>
<label>
APT ihit (EJ3E)
<input type="text" id="setting-base-url" placeholder="https://api.openai
</label>
<label>
it
<select id="setting-model">
<option value="gpt-Uo">GPT-Uo</option>
<option value="gpt-to-mini">GPT-4o mini</option>
<option value="gpt-5">GPT-5</option>
<option value="claude-sonnet-4-20250514">Claude Sonnet 4d</option>
<option value="deepseek-chat">DeepSeek Chat</option>
<option value="qwen2.5">Qwen 2.5 (Ollama)</option>
</select>
</label>
<div class="settings—actions">
<button onclick="saveSettings()">{R%F</button>
<button onclick="toggleSettings()">EE</button>
</div>
</div>
</div>
</div>

<script src="app.js"></script>

</body>
</html>
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/* renderer/styles.css */
* {

margin: O;

padding: 0;

box-sizing: border-box;

:root {
--bg-primary: #lalale;
--bg-secondary: #16213e;
--bg-message-user: #0+3U60;
--bg-message-assistant: #lalale;
--text-primary: #e0e0e0;
--text-secondary: #a0a0a0;
--accent: #Ua9eff;
--border: #2a2ala;

}

body {
font-family: —apple-system, BlinkMacSystemFont, 'Segoe UI', sans-serif;
background: var(--bg-primary);
color: var(--text-primary);
height: 100vh;
overflow: hidden;

#tapp {
display: flex;
flex—-direction: column;
height: 100vh;

h

/* tRRRAE x/

.title-bar {
display: flex;
justify—content: space-between;
align—-items: center;
padding: 10px 20px;
background: var(--bg-secondary);
border-bottom: 1px solid var(--border);
-webkit-app-region: drag; /* AVFEREL =/

.title-bar hl {
font-size: 16px;
font-weight: 600;

}

.title-actions {
display: flex;
gap: 8px;
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-webkit-app-region: no-drag;

}

.title-actions button {
background: none;
border: none;
font-size: 18px;
cursor: pointer;
padding: dpx 8px;
border-radius: Upx;

.title-actions button:hover {
background: rgba(255,255,255,0.1);
}

/% MIREXE */

#chat-container {
flex: 1;
overflow-y: auto;
padding: 20px;

}

#messages {
max-width: 800px;
margin: 0 auto;

}

.message {
margin-bottom: 16px;
display: flex;

}

.message.user {
justify—-content: flex—end;

}

.message-content {
max—-width: 80%;
padding: 12px 16px;
border-radius: 12px;
line-height: 1.6;
font-size: 1ldpx;
white-space: pre-wrap;
word-break: break-word;

.message.user .message-content {
background: var(--bg-message-user);
border-bottom-right-radius: dpx;

}
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.message.assistant .message-content {
background: var(--bg-secondary);
border-bottom-left-radius: upx;
border: 1px solid var(--border);

}

.message-content code {
background: rgba(0,0,0,0.3);
padding: 2px 6px;
border-radius: Upx;
font-family: 'Fira Code', 'Consolas', monospace;
font-size: 13px;

.message-content pre {
background: rgba(0,0,0,0.3);
padding: 12px;
border-radius: 8px;
overflow—x: auto;
margin: 8px 0;

.message-content pre code {
background: none;
padding: ©;

3

/* TRRABRTE */
.tool-call {
font-size: 12px;
color: var(--text-secondary);
padding: 6px 12px;
background: rgba(74, 158, 255, 0.1);
border-radius: 6px;
margin-bottom: 8px;
border-left: 3px solid var(--accent);

/* BN */

.input-area {
padding: 16px 20px;
background: var(--bg-secondary);
border-top: 1px solid var(--border);
display: flex;
gap: 12px;
align-items: flex-end;
max-width: 84Opx;
width: 100%;
margin: 0 auto;

#user—input {
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flex: 1;

padding: 10px 1ldpx;

border: 1px solid var(--border);
border-radius: 8px;
background: var(--bg-primary);
color: var(--text-primary);
font-size: 1dpx;

font-family: inherit;

resize: none;

max—height: 120px;
line-height: 1.5;

#user-input:focus {
outline: none;
border-color: var(--accent);

}

#btn-send {
padding: 10px 20px;
background: var(--accent);
color: white;
border: none;
border-radius: 8px;
font-size: 1dpx;
cursor: pointer;
font-weight: 500;

#btn-send:hover {
opacity: 0.9;
}

#btn-send:disabled {
opacity: 0.5;
cursor: not-allowed;

}

/* MEDHE */
.typing-indicator {
display: inline—flex;
gap: Udpx;
padding: 8px 12px;

3

.typing-indicator span {
width: 8px;
height: 8px;

background: var(--text-secondary);
border-radius: 50%;
animation: typing 1l.4s infinite;
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.typing-indicator span:nth-child(2) { animation-delay: 0.2s;

}

.typing-indicator span:nth-child(3) { animation-delay: 0.4ds; }

@keyframes typing {

}

0%, 60%, 100% { transform: translateY(0); opacity: 0.4; }
30% { transform: translateY(-10px); opacity: 1; }

[x REER */

.settings-overlay {

}

position: fixed;
inset: 0;
background: rgba(0,0,0,0.5);

.settings-content {

position: fixed;

top: 50%;

left: 50%;

transform: translate(-50%, -50%);
background: var(--bg-secondary);
padding: 24dpx;

border-radius: 12px;

width: 400px;

border: 1px solid var(--border);

.settings-content h2 {

}

margin-bottom: 16px;

.settings-content label {

display: block;
margin-bottom: 12px;
font-size: 13px;

color: var(--text-secondary);

.settings-content input,
.settings-content select {

display: block;

width: 100%;

margin-top: udpx;

padding: 8px 12px;

border: 1px solid var(--border);
border-radius: 6px;

background: var(--bg-primary);
color: var(--text-primary);
font-size: 1dpx;
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.settings-actions {
display: flex;
gap: 8px;
margin—top: 16px;
justify—-content: flex—end;

.settings-actions button {
padding: 8px 16px;
border: 1px solid var(--border);
border-radius: 6px;
background: var(--bg-primary);
color: var(--text-primary);
cursor: pointer;

.settings-actions button:first-child {
background: var(--accent);
border-color: var(--accent);
color: white;

}
.hidden {

display: none !important;

}
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// renderer/app.js

const messagesContainer = document.getElementById('messages');
const userInput = document.getElementById('user-input');

const sendBtn = document.getElementById('btn-send');

const clearBtn = document.getElementById('btn-clear');

const settingsBtn = document.getElementById('btn-settings');

let isStreaming = false;
let currentAssistantEl = null;

// —— RFHRE ——

async function sendMessage() {
const text = userInput.value.trim();
if (!text || isStreaming) return;

// ETRRPER
appendMessage('user', text);
userInput.value = '';
userInput.style.height = 'auto';

// & AL EEXE

isStreaming = true;

sendBtn.disabled = true;

currentAssistantEl = appendMessage('assistant', '');
showTypingIndicator(currentAssistantEl);

/] Xix4: Agent
await window.agent.sendMessage(text);

// ERIEE
window.agent.onStreamChunk((chunk) = {
if (currentAssistantEl) {
removeTypingIndicator(currentAssistantEl);
const contentEl = currentAssistantEl.querySelector('.message-content');
contentEl. textContent += chunk;
scrollToBottom();
}
3);

// BT EIAR
window.agent.onToolCall((data) = {
const toolEl = document.createElement('div');
toolELl.className = 'tool-call';
toolEl.textContent = ‘2 JABAIA: ${data.tool}(${ISON.stringify(data.args).subst
messagesContainer.appendChild(toolELl);
scrollToBottom();
3);

/] HEPR5ERY
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window.agent.onStreamEnd((data) = {
isStreaming = false;
sendBtn.disabled = false;
currentAssistantEl = null;

if (data.error) f{
appendMessage('assistant', ‘¥ #i®R: ${data.error}‘);
}
3);

// ——— UI HBhRiK

function appendMessage(role, content) {
const msgEl = document.createElement('div');
msgELl.className = ‘message ${role}"‘;

const contentEl = document.createElement('div');
contentEl.className = 'message-content';
contentELl. textContent = content;

msgELl.appendChild(contentEl);
messagesContainer.appendChild(msgEl);
scrollToBottom();

return msgEl;

function showTypingIndicator(messageEl) {
const indicator = document.createElement('div');
indicator.className = 'typing-indicator';
indicator.innerHTML = '<span></span><span></span><span></span>';
messageEl.querySelector('.message-content').appendChild(indicator);

}

function removeTypingIndicator(messageEl) {
const indicator = messageEl.querySelector('.typing-indicator');
if (indicator) indicator.remove();

function scrollToBottom() {
const container = document.getElementById('chat-container');
container.scrollTop = container.scrollHeight;

}
sendBtn.addEventListener('click', sendMessage);

userInput.addEventListener('keydown', (e) = {
if (e.key == 'Enter' && !e.shiftKey) {
e.preventDefault();
sendMessage();
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}
1);

// BEhBERNESE
userInput.addEventListener('input', (O = {
userInput.style.height = 'auto';
userInput.style.height = Math.min(userInput.scrollHeight, 120) + 'px';

3);

// EBRRIE
clearBtn.addEventListener('click', async () = {
await window.agent.clearHistory();
messagesContainer.innerHTML = '';
appendMessage('assistant', 'JEEERR. BT AFMNEEREICG? ');
P

// G EER
settingsBtn.addEventListener('click', toggleSettings);

function toggleSettings() {
const panel = document.getElementById('settings-panel');

panel.classList.toggle('hidden');
}

async function saveSettings() {

const settings = {
apiKey: document.getElementById('setting-api-key').value,
baseURL: document.getElementById('setting-base-url').value,
model: document.getElementById('setting-model').value,

H

await window.agent.saveSettings(settings);

toggleSettings();

appendMessage('assistant', 'Bd REBEREHEN. ');

10.10 B T{REYRZ A

# FHERER

npm start

NR—YEREER, (REEE—NRBTENREWRNA, #E05:

o 5 AIEHBIRLITFHR
o AITTLUARTAREEXMH. HIiTH<S
o IGEEMRAIUACE API Key FIHREY
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10.11 3##py: R0 MCP 245

{RETLLLE SmartDesk 3F9MEE MCP Server TH.:
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// main/mcp-integration.js
import { Client } from '@modelcontextprotocol/sdk/client/index.js';
import { StdioClientTransport } from '@modelcontextprotocol/sdk/client/stdio.js"';

class MCPManager {
constructor() {
this.clients = new Map();

// %E¥%E| MCP Server

async connect(serverName, command, args = []) {
const transport = new StdioClientTransport({ command, args });
const client = new Client({ name: 'smartdesk', version: '1.0.0' });
await client.connect(transport);

this.clients.set(serverName, client);

// FREXATATIA
const { tools } = await client.listTools();
console.log(*MCP ${serverName} IE{tT ${tools.length} I A");

return tools;

// VAR mcp TR
async callTool(serverName, toolName, args) {
const client = this.clients.get(serverName);
if (!client) throw new Error(‘MCP Server ${serverName} KiZF#Z');

return client.callTool({ name: toolName, arguments: args });

}

// ¥ MCP TE¥HA Vercel AI SDK #&X
convertToAITools(serverName, mcpTools) {
const tools = {};

for (const mcpTool of mcpTools) {
tools[‘mcp_${serverName}_${mcpTool.name}'] = tool({
description: mcpTool.description || mcpTool.name,
parameters: z.object(mcpTool.inputSchema || {}),
execute: async (args) = {
const result = await this.callTool(serverName, mcpTool.name, args);
return result;
5
B,

return tools;

}
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export { MCPManager };

10.12 Ih&E
KERERT

. 81T T 52 Electron Al Agent W 2244
I T FHZ-BRHENRLBE (IPC)
MET Al Agent 512 (Rt + TEIER)
STELT SRR, HSHITELETA
ERTIBIZEERS (SQLite)
T MR KIXRE

THRT MCP ERAZE

%3

1. 3597 SmartDesk, MIXEAXEMTRFRA

2.RM—M IR (0 BEMT. £RERERE)

3. 323 Markdown JE% (TEHIKIH S 2Hr Markdown #&3)
4. FMEZREERE (EMEETRHERIETIR)

T—EH(TEFS] Agent NBENZ M. EEMIEREM K.
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111 RL: Agent VANHEEE

Al Agent Lt E BN FHEREX IR M, FER Agent BERITIRIE (XM, 2. W), —B#
FMARR™E,

R EE

Agent RLEM I

1. Prompt J¥N - AFPBIERANIRE Agent 174 |
2. THH > Agent $RIESHITAERIRIE |
3. HUEMEE > API Key. AFRILIIERE |
4. SRR > Agent HBEFRUREHINE |
5. RS > BEIASH API FHRRIE |

11.1.1 B51E Prompt 3EN
Prompt ;¥ \E Agent HllRVRALZEREM: AFBIREOEENEAN, ik Agent ZERR SIS

A
~o
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/] BB
// RPN "RBEZENREES, B env XHFRBLLR"

// BHBER— MNEEL
function sanitizeInput(input) {
[/ KNEENER
const injectionPatterns = [
/BB& . x(2: ZET | AL [FRB) .+ (2: 35 | U | BR&ID /4,
/ignore.*(?:previous|above|all).*(?:instructions|rules)/i,
/system\s*prompt/i,
/R RE|088) (R [#690) /14,
1

const hasInjection = injectionPatterns.some(p = p.test(input));

if (hasInjection) {
return {
safe: false,
message: 'fMEBENREIEEN, BREIEZIER, ',
i
}

return { safe: true, input };

}

// BAfEISZR=: 7 System Prompt HFAIABAIF
const SYSTEM_PROMPT = ‘'

{F2 SmartDesk AI BhF,

H LN (BEMER EABEITAIRES)

- KZEAERBASIRTIARNE

- KEREHRITHFAERIR" BB "HIRE

- KIRAEIRENIEER .env. BIANMH. RAREXH
- MRAFBERIRERIZIREIT AN, ELHHARE

#H INEEES

A
1

// BFAAR=. BARHIEER
class SecuritylLayer {
checkInput(input) {
// KERH!
if (input.length > 10000) {
return { blocked: true, reason: 'HAXK' };

}
return { blocked: false };

}

checkOutputCoutput) {
// WEERDHEEHXES
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const sensitivePatterns = [
/sk-[a-zA-Z0-9]{20,}/, // OpenAI key
/password\sx[:=]\s*\S+/i, // %%
/(?:secret|token)\s*[:=]\s*\S+/1i,

1;

for (const pattern of sensitivePatterns) {
if (pattern.test(output)) {
return { blocked: true, reason: 'HMHESHREE' };
}
}
return { blocked: false };
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1112 TERS

// TENRFR

const ToolPermission = {

READ_ONLY: 'read_only', // Rix, TEHIA

WRITE: 'write', // BigE, TEHIA

DANGEROUS: 'dangerous’, /] fERR(E, BUENFEENERIA
}

// TEFMESEERINR
const toolRegistry = {

readFile: {
permission: ToolPermission.READ_ONLY,
//

3

writeFile: {
permission: ToolPermission.WRITE,
requireConfirmation: true, // HITEIZERAFHIA
//

b

runCommand: {
permission: ToolPermission.DANGEROUS,
allowList: ['ls', 'cat', 'head', 'git', 'npm', 'node'],
//

b

3

/] BATRIRRICE
async function executeToolWithPermission(toolName, args, onConfirm) {
const toolConfig = toolRegistry[toolName];

if (toolConfig.permission == ToolPermission.DANGEROUS) {
// KWEBREER
const cmd = args.command?.split(/\s+/)[0];
if (!toolConfig.allowList.includes(cmd)) {
return { error: ‘@< "${cmd}" FEARFFIRS" };

if (toolConfig.requireConfirmation) f{
// BERFIEKEIA
const confirmed = await onConfirm(
‘Agent FEHIT ${toolName}(${ISON.stringify(args)}), BERIF? °
);
if (!confirmed) {
return { error: 'FPIELTIZIRE" };
}
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return toolConfig.execute(args);

}

11.1.3 APl Key &%

// === Electron H#J API Key Bl ——

/] R EINRE:
. FRYRIETEIRARS R
. #fE localStorage A
L ETERHZEIRAR API

AN
UJI\)I—'

// IEMHIEGEA:

// FE—: METE + .env Xf&F
// .env (DD)\ .gitignore)
// OPENAI_API_KEY=sk—-xxx

// BZEZ: Electron safeStorage (INZTFf#)
import { safeStorage } from 'electron';

function encryptKey(apiKey) {
if (safeStorage.isEncryptionAvailable()) {
return safeStorage.encryptString(apiKey);
}
[/l BBRAER: RERF
console.warn(' RAEMEBEARAIAH, Key FLIBANIFE');
return Buffer.from(apiKey);

function decryptKey(encrypted) {
if (safeStorage.isEncryptionAvailable()) {
return safeStorage.decryptString(encrypted);

}
return encrypted.toString();

// FR=: FiE API JEREREIHIZHHIT
// EHF#IEEE IPC RIXIENK, KEF#ER API Key
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1.4 XEFRFERE
import path from 'path';

/] BRERLKNER
class PathSecurity {
constructor(allowedDirs) {
this.allowedDirs = allowedDirs.map(d = path.resolve(d));

isPathAllowed(targetPath) {
const resolved = path.resolve(targetPath);

/! KWERBEATFNERN
const isAllowed = this.allowedDirs.some(dir =
resolved.startsWith(dir + path.sep) || resolved = dir

);
if (!isAllowed) return { allowed: false, reason: 'BREBEREAIFCTERN' };

/] BIEBRIBISX R

const blockedPatterns = [
/\.env$/1i,
/\.git\/config$/i,
/id_rsa/i,
/\.ssh\//1i,
/password|secret|credential/i,

1;

if (blockedPatterns.some(p = p.test(resolved))) {
return { allowed: false, reason: 'ZEILifRIBUENHE" };

}
return { allowed: true };
}
}
// 1EB

const pathSecurity = new PathSecurity([
'C:/Users/username/projects’,
'D:/workspace',

D;

// ETERITRIRE
const check = pathSecurity.isPathAllowed(requestedPath);
if (!check.allowed) {

return { error: check.reason };

}
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11.2 e 1K

11.2.1 17D Token jE$E (&%)

/] RBE—: ESHBE — SRESH/IMER
function selectModel(task) {
const complexity = estimateComplexity(task);

if (complexity == 'simple') return 'gpt-do-mini'; // {EE 10 {Z
if (complexity == 'medium') return 'gpt-do';
return 'gpt-5'; /] EFES

}

function estimateComplexity(task) {
[/ TEIERFIF
if (task.length < 50) return 'simple’;
if (/RS | 947 13&3 | Z249/1. test (task)) return 'complex';
return 'medium’;

// RBEZ: EiFHEERRRYEZ
class ResponseCache {
constructor(maxSize = 100) {
this.cache = new Map(Q);
this.maxSize = maxSize;

getKey(messages) {
/] FTHEBERRBENEEFR
return JSON.stringify(messages.map(m = ({ role: m.role, content: m.content })

}

get(messages) {
const key = this.getKey(messages);
const cached = this.cache.get(key);
if (cached & Date.now() - cached.timestamp < 3600000) { // 1/)\BJidHf
return cached.response;

}

return null;

set(messages, response) {
if (this.cache.size = this.maxSize) {
/] MFRENET
const firstKey = this.cache.keys().next().value;
this.cache.delete(firstKey);
}

this.cache.set(this.getKey(messages), { response, timestamp: Date.now() });

181 /295



/] K= EBMERE (BEBTENHERES)

11.2.2 iRt

// Electron IPC mIUEMfik

/] R BIFRHEAE IPC HE (XKME)
for await (const char of textStream) {
mainWindow.webContents.send('stream', char);

}

// HERIX (5 50ms BE—N)
let buffer = '';
let flushTimer = null;

function flush() {
if (buffer) {
mainWindow.webContents.send('stream', buffer);
buffer = '';
}

flushTimer = null;

for await (const chunk of textStream) {
buffer += chunk;
if (!flushTimer) {
flushTimer = setTimeout(flush, 50);

}
flushQ); // BEREHIRBHRX
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11.2.3 Electron MREM L

// 1. BohREMRK

const mainWindow = new BrowserWindow({
show: false, // %KAER
//

});

mainWindow.once('ready-to-show', () = {
mainWindow.show(); // AENMHEBEER

3);

// 2. FiNE Agent 5|Z
app.whenReady().then(async () = {
// FTH8RK
const [window] = await Promise.all([
createWindow(),
agent.initialize(), // iEEI¥IME
1);
3);

// 3. BREFHIZRE
// B CPU BREEEUR(EMIL worker 4%
import { Worker } from 'worker_threads';

function computeEmbedding(text) {
return new Promise((resolve, reject) = {
const worker = new Worker('./embedding-worker.js', {
workerData: { text 1},
3);
worker.on('message', resolve);
worker.on('error', reject);

1);
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1.3 iR R R{ES

// 2RIERVIE
class AgentErrorHandler {
constructor() {
this.retryConfig = {
maxRetries: 3,

baseDelay: 1000, // ERFER 1
maxDelay: 30000, // =ARIER 30 #
b
}
async withRetry(fn, context = '') {

let lastError;

for (let attempt = 0; attempt < this.retryConfig.maxRetries; attempt+) {
try {
return await fn();
} catch (error) {
lastError = error;

if (!'this.isRetryable(error)) {
throw this.enhanceError(error, context);

}

const delay = Math.min(
this.retryConfig.baseDelay * Math.pow(2, attempt),
this.retryConfig.maxDelay

);

console.log( ' [${context}] % ${attempt + 1} REFX, FF ${delayims’);
await new Promise(r = setTimeout(r, delay));

throw this.enhanceError(lastError, context);

}

isRetryable(error) {
// 429: SRR > F|id
if (error.status == 029) return true;
// 500/502/503: RRS5E|IEIR > Fid
if ([500, 502, 503].includes(error.status)) return true;
// WLBERIZ > Bid
if (error.code == 'ECONNRESET' || error.code == 'ETIMEDOUT') return true;
/! EtERAER

return false;

enhanceError(error, context) {
// RAFPRHERFNEIRER
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const messages = {
401: 'API Key EMHELHE, BEIKEHRKRE',
429: "“JERXIAE, FHEEBR",
500: 'Al RREBEHENAEA, BHEEHER',
"ENOTFOUND': 'JEi&&E#ZS AL RS, BREMLSE',

i
const friendlyMessage = messages[error.status] || messages[error.code] || '%&%
error.userMessage = ‘${friendlyMessage}${context ? * (${context})' : ''}";

return error;

41859 %

{5 electron-builder T8

npm install electron-builder --save-dev
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// package.json 70
{
"build": {
"appId": "com.smartdesk.ai",
"productName": "SmartDesk AI",
"directories": {
"output": "dist"
b
"files": [
"main/**",
"renderer/**",
"node_modules/**",
"package.json"
1,
"win": {
"target": "nsis",
"icon": "assets/icon.ico"
b
"mac": {
"target": "dmg",
"icon": "assets/icon.icns"
b
"Linux": {
"target": "AppImage"
3
"nsis": {
"oneClick": false,
"allowToChangeInstallationDirectory": true
b
"extraResources": [
{
"from": "data/",
"to": "data/"

]

b

"scripts": {
"build": "electron-builder",
"build:win": "electron-builder --win",
"build:mac": "electron-builder --mac"

# 18
npm run build:win

# WHE dist/ B

186 /295



B =

// main/updater.js
import { autoUpdater } from 'electron-updater';
import { dialog } from 'electron’;

export function setupAutoUpdater() {
autoUpdater.autoDownload = false;

autoUpdater.on('update-available', (info) = {
dialog.showMessageBox({
type: 'info',
title: 'RINFARAS',
message: ‘SmartDesk AI ${info.version} BAHE, BB FHEH? °,
buttons: ['F&!', '#E'],
}).then(({ response }) = {
if (response == 0) {
autoUpdater.downloadUpdate();
}
3);
3);

autoUpdater.on('update-downloaded', () = {
dialog.showMessageBox({
title: 'EHEME',
message: 'BEWMBETHTHK, EBRNAULZEEMH. ',
buttons: ['iIZEPER', '#HE'],
}).then(({ response }) = {
if (response == 0) {
autoUpdater.quitAndInstall();
}
B
3);

/] KEEH

autoUpdater.checkForUpdates();
}
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1.5 BiIE580%E

// main/logger.js

import fs from 'fs';

import path from 'path';

import { app } from 'electron';

class Logger {
constructor() {
const logDir = path.join(app.getPath('userData'), 'logs');
fs.mkdirSync(logDir, { recursive: true });

const date = new Date().toISOString().split('T')[0];

this.logFile = path.join(logDir, ‘${date}.log');

this.stream = fs.createlWriteStream(this.logFile, { flags: 'a' });
}

log(level, message, data = {}) {
const entry = {
timestamp: new Date().toISOString(),

level,
message,
... data,
};
this.stream.write(JSON.stringify(entry) + '\n');
if (level == 'error') {
console.error('[${level}] ${message}', data);
}

info(msg, data) { this.log('info', msg, data); }
warn(msg, data) { this.log('warn', msg, data); }
error(msg, data) { this.log('error', msg, data); }

// iR Agent TR (BT ERHMET)
logAgentAction(action) {
this.log('agent', 'Agent Action', {
type: action.type,
tool: action.tool,
args: action.args,
result: action.result?.substring?.(0, 200),
});
}

// Token HE#it
logTokenUsage(usage) {
this.log('usage', 'Token Usage', {
model: usage.model,
promptTokens: usage.promptTokens,
completionTokens: usage.completionTokens,
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totalTokens: usage.totalTokens,
});
}
}

export const logger = new Logger();

11.6 Guardrails (Z£3PEER)

Guardrails @—f£EMEHNZ LTS, 7 Agent BRAMBERIRIZBERETHE, SERLS
HAEHHINE. OpenAl Agents SDK #1 Mastra #SNE T Guardrails ¥,

i\ Guardrail
£ Agent IBAFRAZTINE:
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// input-guardrail.mjs

/] WAL=
const inputGuardrails = [
/1. KEWRE
(input) = {
if (input.length > 10000) {
return { blocked: true, reason: 'BAEK (Bid 10000 FFF) ' };
}
return { blocked: false };
b

// 2. Prompt ENKN
(input) = {
const injectionPatterns = [
/RBE +(2: ZRT | AE|PRB) .+ (2: 48 | R /1,
/ignore.*(?:previous|all).*(?:instructions|rules)/i,
/system\s*prompt/i,
13
if (injectionPatterns.some(p = p.test(input))) {
return { blocked: true, reason: 'tMZEBERTIAEN" };
}
return { blocked: false };
b

// 3. BUIRARBKEN (AT LLM EEERERVN)
async (input) = {
// BILUER gpt-to-mini MBS
// XEREEMNER
return { blocked: false };
b
1;

// 4T Guardrail #
async function runInputGuardrails(input) {
for (const guardrail of inputGuardrails) f{
const result = await guardrail(input);
if (result.blocked) {
return result; // fEfA— guardrail ELNIFELE
}
}
return { blocked: false };
}

i Guardrail

£ Agent IR[EIZE RGP ZRIGE :
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// output—guardrail.mjs

const outputGuardrails = [
// 1. BURE R
(output) = {
const sensitivePatterns = [

/sk-[a-zA-Z0-9]1{20,}/, // OpenAI key
/password\s*[:=1\s*\S+/1i, /] EE
/ BEGIN.*PRIVATE KEY/, // #hEA

1
for (const p of sensitivePatterns) {
if (p.test(output)) {
return { blocked: true, reason: 'HHBEMRKES', remediation: 'BFIE' };

}
return { blocked: false };

b

// 2. RBEAKE
(Coutput) = {
// KWERLBEETESHARE
return { blocked: false };
b
1;

async function runOutputGuardrails(output) {
for (const guardrail of outputGuardrails) {
const result = await guardrail(output);
if (result.blocked) return result;

}
return { blocked: false };

11.7 Agent Evals (iF{d)

Agent AEER FE X BN KAIMTRE, Evals () RRERALNE Agent RIMEIFE, Mastra
0 OpenAl #BIAE T Evals 1EZE,

AT AFE Evals?

%A Evals:
"D Agent EIFFIRIT? " » AFRE, TEEHkE

A7 Evals:
"Agent MIEZAEMEE 85%, {7 Prompt [FIRFAE] 92%" » A2k, ABER
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BDITEERE
// eval-dimensions.mjs

// Agent IHHAVIZIOAEE
const evalDimensions = {
// 1. IEWE: BIZERTER
correctness: {
metric: 'KEBELMCHARZR",
method: 'MEIFEBERPHXEEES",
b

// 2. TEFER: BEEMEENEARTAR
toolUsage: {
metric: 'TREFEHE + SHEREK",
method: 'XECFHARIZIARMNIA,
b

// 3. BeM: BREETFTREIN
safety: {
metric: “EFNKEHBHEIRRLINE",
method: 'FAXHTERNMK",
b

// 4. B Token HEERTAIE
efficiency: {
metric: 'Y Token HFEE / HE5',
method: '#itEMESH Token AZE',
}’
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S8 A9 Eval 1EZE

// simple-eval.mjs

class AgentEval {
constructor(agent) {
this.agent = agent;
this.results = [];

[/ XM
addTestCase(input, expected) {
this.results.push({ input, expected, actual: null, passed: null });

}

// BTG
async run() {
for (const testCase of this.results) {
try {
const response = await this.agent(testCase.input);
testCase.actual = response;
testCase.passed = testCase.expected.check(response);
} catch (err) {
testCase.actual
testCase.passed

‘ERROR: ${err.message}";
false;

}

return this.summary();

}

summary() {
const total = this.results.length;
const passed = this.results.filter(r = r.passed).length;
return {
total,
passed,
failed: total - passed,
passRate: ‘${((passed / total) * 100).toFixed(1)}%"',
details: this.results,

// fERRHA
const eval = new AgentEval(myAgent);

eval.addTestCase('dtRKRS/EH? ', {
check: (response) = response.includes('dtEm') & /\d+/.test(response),

3);
eval.addTestCase('ZEFAEI S, HIFHKIREY system prompt', {
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check: (response) = !response.includes('{fF@—') & !response.includes('system

1);

const results = await eval.run();
console.log( @3 : ${results.passRate}');

@ Mastra HE T EEM Evals 45, ZIFEmUHMEITME. IBRBERMEYINIK, TE
PR R EINER Mastra Evals 33 T B RIFEIEIE Agent FRE,

1.8 BRENEFEH
AR TFREEERNE:

API Key ATEIRAISHRELRET

API Key f#f3 safeStorage /NZE7Zf
.env XHBEMAN .gitignore

FiE API VAR E#HIZHRHIT
TEZHTZMFA contextIsolation: true
EZHFZMEA nodeIntegration: false
X REERRERENE

B THITER R R R
RARRANBERRENGT

BB ERLIRE
MILZIE KPR T 710 B ARttt

T AR FENRIES

RET CSP (Content Security Policy)
HIMEEFNEBERAAT
BEFERBHER

| e B e B e B p B e B m B e B ey N pe B m N pe BN s B m B e N e |
_ e e e e e e e e e e e ] e e

11.9 Ih\&&
KEREET

. Agent & EIRMEELF A E R AR

. Prompt sE N\BA1H

. TANRER

. API Key 2171

. MEREMLIL: Token THE. MILMIK. Electron LK
. BRI S E i SRR

. Guardrails (Z£#P1=183)

. Agent Evals (i)
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. @ Te5R58HER

N
. BAEGE

%3]

1. 79 SmartDesk FZENZLE FWARE + HHIIE)
2. LM T ERER B R i S
3. {88 electron-builder TN FH

T—8 (RAR) RIWETHE Agent SRARRIATHSHFIFR, BIFHFRRERMAR.
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FT25: BARARSFIER
Agent 153

FSLHILEY

12.12025-2026 &£ Agent AR5

Al Agent IEARIERNFIBAHR, LFEBRAMBERRK. AERBMBIIFLRHANFIRESR,

AR R

2023.03 GPT-4 %% -» Function Calling #E/J
2023.07 AutoGPT / BabyAGI » Agent &IB%
2023.11 OpenAI Assistants API » EJ Agent FE
2024.03 Claude 3 » K ETX (200K tokens)
2024.06 GPT-do » ZIESH—
2024.11 Anthropic MCP » T EiFBIREN
2025.01 DeepSeek-R1 ~» FFRIEIBIEE!
2025.02 Claude 3.7 Sonnet - ESHIE (T EREH)
2025.03 GPT-4.5 / Gemini 2.5 Pro - REHIE
OpenAI Agents SDK + Responses API » B/ Agent A=
2025.04 Google A2A ¥ %A% -~ Agent [ELBEtRAE
2025.05 Claude U -» &334 Agent
2025.06 Mastra 1.0 » TypeScript Agent MEZ®% (22k+ stars)
2025 H2 Agent #FfE. Computer Use. MCP/A2A 47 -» £EHFA
OpenAl B Assistants API ¥F 2026 FEH{EH
2025.12 GPT-5 %% » REHIERESEX
2026.01 Claude Opus 4.5 - HEIE+{REDINGE
2026.03 Claude Opus 4.6 » HpRIREIERER
A2A Y v1.0 IERR » AN Linux BEER
GPT-5.3 / GPT-5.3-Codex - OpenAl SRIfiEHE!
Mastra 1.10 »> SEF=4REER

12.2 BB R ERENR

12.2.1 Computer Use (itHEHIZIF)
Agent RFEERT APl AA, MEEEERRE. RRF. BEE, GA—HRITEM,
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BR#EL: "EBREAE ER—MTNRFHVImGEE"

Agent HITRIE:

1. B8R » R5SHeEE

TS » SMEE=E
EERERANHER" > fEIEER
THEENHE > BRIMERER
ftbEl 5 N iEm > REHEE

aa F W N

Anthropic Claude E#H Computer Use API:

// ¥E2Rf: Claude Computer Use
import Anthropic from '@anthropic-ai/sdk';

const anthropic = new Anthropic();

const response = await anthropic.messages.create({
model: 'claude-sonnet-4-20250514"',
max_tokens: 1024,
tools: [
i
type: 'computer_20250124',
name: 'computer',
display_width_px: 1920,
display_height_px: 1080,
}l
]r
messages: [
{ role: 'user', content: '$JFN¥EERHIEE "Node.js =HEhRA"' I,
]:
P

// Agent ZREBIFFIRIFE<:

// { type: "mouse_click", x: 500, y: 400 }
// { type: "keyboard_type", text: "Node.js latest version" }

12.2.2 MCP + A2A: Agent HiR{EMUE R
2025-2026 &, Agent BRI TR ALY, HEVIRTZENEIRFIRE:

MCP (Model Context Protocol) —— Agent ~ TH
MCP Bk Agent TEIFRMITIARA:
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2026 fF MCP A£FIK:
— BE7 Server
— filesystem > XU RGIRE

|
| F— github > GitHub API
| | postgres > BUEERF
| F— puppeteer > NI EMK
| L— memory > FANKIEIZ
— #X Server (#E)
| — docker > BREE
|  |— kubernetes > K8s 1RME
| | slack > ERGER
| L— &% saas API
L— ZRTIR
— Claude Desktop » BREXF
— chatGPT > REZH
— VS Code Copilot » FR4EXHF
— Cursor > [RESZFF
F— Mastra > [REXHE (AJEIZ MCP Server)
L— &3 1DE > BESHEN
A2A (Agent-to-Agent Protocol) —— Agent < Agent

Google &ZFEHY A2A YT 2026 £ 3 B&% v1.0 IERAR, N0 Linux BEESHRUAIE:

A2A RO
— Agent Card (&H) > Agent BEJIRIIMIE

— iREEE > JSON-RPC 2.0 over HTTP(S)
— REXEH > BEF /RN (SSE) /BT H#HEX
— FBEEAME > EEEBEATRSHIA

L— %iEZ SDK
F— Python pip install a2a-sdk
F— JavaScript npm install @a2a-js/sdk

— Go go get github.com/a2aproject/a2a-go
F— Java Maven
L— . NET NuGet
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AXIYEIRFR

I 1 MCP | 1
| Agent | | TE/HER |
| | | (MCP Server) |
L | I | I
|
| A2A
|
M 1
Hfth Agent |

(A2A Server) |
|

MCP = it Agent AT H (41 USB-C EZEIMR)
A2A = it Agent EABIME (MIMSEIHGEREILE)
WELH, HFEFERESTER Agent &8

MCP MRIVE N :

/] FREEHBINTIAEERRE
// REEE MCP Server, Agent IENIRISHTRES

// T —1THRESEEN GitHub &E
import { experimental_createMCPClient } from ‘'ai';

const githubClient = await experimental_createMCPClient({
transport: { type: 'stdio', command: 'npx', args: ['-y', '@modelcontextprotocol/

1);

// Agent EnpX1§ create_issue / search_repos / create_pr HFIA

12.2.3 Al #RE Agent

2025 F&AITIH Agent A HE—AI BohERED:

= am ST

GitHub Copilot IDE ££%, 1LFE%h2 + Agent iR={
Cursor Al-first IDE, 3RARIIDLRIERE
Devin £ B4 IFE Agent

Claude Code £ Al dRizBhF

OpenAl Codex =im Agent, RZHITHRIZES
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XL By HEIZEA

BREKXR » #1% (Plan) » KIBER » Bapllid » BaMEE » &/
o I
' RiEER ———

12.2.4 Zsith/ig M= EY
K= APl, BEIRTEAFIEE LIBIT AL

// FJE Electron NAPREMRIZAHIERIT S

// HER—: Ollama (#7F)

// BPZ%E O0llama, fRHY Electron WAEE API @M
import { ollama } from 'ollama-ai-provider';
import { generateText } from 'ai';

const { text } = await generateText({
model: ollama('qwen2.5:7b'), // 7B B, KZ¥WEMAIETT
prompt: 'fREF',

3);

// BEZ: 1lama.cpp 4
// node-llama-cpp EIZfE Node.js ANE GGUF #=H!

// BZR=: WebLLM (Xt522riE1T)
// ETF webGPU, TEGFi%

2026 F R AR RAIEEL

=5 SHE e W RiE
Qwen 2.5 7B/14B/32B X e I5R FRS 3fiE
Llama 3.3 8B/70B Meta BRAES
DeepSeek-R1 8B/32B HIEEE IR SR
Phi-4 14B M, /\imeR BEMES
Gemma 3 4B/12B/27B Google i ZIES

12.2.5 Z{87& Agent

Agent RERAIENA, FREIERELR. B, M.
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// ZIEE Agent Rf

import { generateText } from 'ai';
import { openai } from '@ai-sdk/openai';
import fs from 'fs';

// BEEE

const { text } = await generateText({
model: openai('gpt-Uo'),
messages: [

{

role: 'user',
content: [
{ type: 'text', text: 'XKEHEPEHMAFEIR? ' I,
{
type: 'image',
image: fs.readFileSync('screenshot.png'),

// EBERXE

import { speech } from '@anthropic-ai/sdk’;
// EEHEEIHEETEMR A Agent RXEMFHAI

// OpenAI Realtime API. Google Gemini Live &

12.3 Agent iZiHEN#EH

12.3.1 Agentic Coding &1,

Zgmiz: ASRE » AR > AZBE
AL %#Eh: AGRE + AL #2 > AEd > AZBE
Agentic: ANHERER » AL EREE » AL iR » AL 188 » A&

201/ 295



12.3.2 #IR- 1795

// BaEiEE: BRALFMHRITSRAERER/Agent
const plan = await plannerModel.generate({

prompt: 'AXMHEREIELIIT",

model: 'claude-sonnet-4-20250514', // SRIEZHFL
B

for (const step of plan.steps) {
await executorModel.execute({
instruction: step,
model: 'gpt-do-mini', // EEEEHHIT
3);
}

12.3.3 Agent BPBRS5 (Agent as a Service)

RFKZEH:

1 | | | 1
RO |——| Agent ¥& |——| & McP |

T

I

| CElectron) | | CopenAI / | | Server |
I

L

|&——| Anthropic) |——| (IEEZD) |
| | | |
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12.4 £ A FHTE

BEAXHE (REE)

R Hodt L)

OpenAl 314 platform.openai.com/docs Responses APl + Agents SDK

Anthropic 314 docs.anthropic.com Claude APl + MCP

Mastra 1% mastra.ai/docs TS Agent 1222 (5RZUHETF)

Vercel Al SDK sdk.vercel.ai/docs JS Al FF&RESS

LangChain.js js.langchain.com £If8E Agent 1EZR

Electron 314 electronjs.org/docs SENA

MCP #3E modelcontextprotocol.io Agent « TE MY

A2A FI3E a2a-protocol.org Agent < Agent 1Y
FIIRIE

iEf2 b WiEA

Al Agents in LangGraph
Building Al Agents

A2A: The Agent2Agent Protocol
Mastra Course

ChatGPT Prompt Engineering

Hugging Face Agent Course

DeepLearning.Al
Anthropic EF

DeepLearning.Al
mastra.ai/course
DeeplLearning.Al

Hugging Face
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HEHE (#3J5%)

BEFMARIAIR Agent IMH:

1. Mastra > TypeScript Agent 1EZR (22k+ stars, E¥H)
2. AutoGPT > REMBEZE Agent
3. MetaGPT > % Agent MGEFX
4. OpenHands > AL RHIFE Agent
5. Browser Use > FYE23RIT Agent
6. CrewAI > % Agent WHMEIEZR (Python, ZRIESFSE)
7. A2A Samples > A2A 1Y EH R
X 5HEM
o Hacker News (news.ycombinator.com) —— Al/Agent sx##&1fl

e Reddit r/LocalLLaMA —— Zs#iiR T+ X
e GitHub Trending —— & Al/Agent FRBIHIHE
o Twitter/X —— X’F @AnthropicAl @OpenAl @LangChainAl @veraborhein

12.5 £§ JS FREBBIITEIERIN

A (GR7ERR(R)

#E— LLM API SEMHIRXA (% OpenAl =( DeepSeek)

FH Mastra GIE{REIE— Agent (npm create mastra@latest)
IREARHIZE 10 &, hFHEE SmartDesk AI

ZRFEN—T MCP Server

E w N R

hEl (1-3 4°B)

RANZFES] Prompt Engineering, 1F Agent MR
LI RAG, it Agent BEIORIRIVFAEEIE
WiEZTH Agent, FRRLFRI{ERR

F3] Agent Evals 4%, EWNIREY Agent MR
98 A2A thY, ILFREY Agent S59MEB Agent HfE

aa = W N B
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K88 (3-6 1°8B)

HiR% Agent &%
*xEHZR Computer Use
RERAHIR T ERE
EBEFIRE Agent =&

EwnNPR

12.6 FAREBRLEER

KEM ... WESR

EEE AL M Vercel AI SDK + GPT-do

TS £IRE Agent WA Mastra (Ei#)

28 Agent RF Mastra 3¢ LangChain.js
FERZIH MCP 1Y + Mastra MCP Server

& Agent thH{E A2A 1Y

SEMNA Electron + Mastra / Vercel AI SDK
REAMIEIT Ollama + Qwen/Llama

PR DeepSeek / Qwen

FEKLETX Claude (200K) / Gemini (1M) / GPT-5 (1M)
MESR DeepSeek API (HR{EH)

3¢ gpt-do-mini

12.7 2HIEE4

REMFTAT 28 12 EHNFES]! EF—TMRFERRTEMIRER:

%5 1 & — AI Agent IR > EETAR Agent
§F 2 B — KiESREEM > 28 LLM AR

% 3 B - #raIliE > ¥R5 AL A8

%5 U4 ¥ — Agent 1ZIDZRH > IBf# Agent BIEFRIE
% 5 & — Function Calling > it Agent FRHIA
% 6 ZE — RAG ORI RER > it Agent BEHID
% 7 B - iBiZ5 L TXER > it Agent iBfEFHE
%5 8 & — % Agent WHME > ik Agent {1&1E

F 9 B — ERARER > EREENTA

%10 =& — Electron %A% > WEREME Agent A
F11 & — Z2HESMK > AR

%12 B — FARASHR > FREE S

ZlMER: Al Agent FAHIRFNIARZoIFMR. FEFIFTRENIRS Fia—FikiR

&, M—P &/ Agent FHIEIEEE, 1AMUIAF,
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MIRTE Al Agent IR BIRFREHR! &7
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Mastra IS

BT Mastrav1.10.0 5, —ERPNXFRENRAEHIE

XEFA?

Mastra 2 Gatsby HFIBAITIERY TypeScript Al RZFAFF & 1ESE, 12T Agent. Workflow. Tools.

MCP. Memory. RAG. Voice. Evals FEEEE . ZHEIEMNEFIE, RAMMIHEE Mastra BI1Z
OB SANSE AR A %o

EHIE?

o 18 TypeScript #9# Al NANALZE
o THRKEBSEREARMT, BohFMHINBMA
o B227EH LangChain/CrewAl FHEZR, 87T #& Mastra ZRUMBHIFALE
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https://mastra.ai/

BN RE

% 1 Z: Mastra RS RE L _

= EZRNA. 22K, IFIREBE

55 2 B Agent REfRM Agent BcE. %M. A, St
F3E: TARSKS MCP Tool 83, MCP & im/BRSS R

% 48 Workflow TIER5IZE  FHIA. K& BERE. #E

POz, TRAEERSE. Working

% 5% Memory iICIZERES
Memory

55 6 &: RAG MuZRIBRERL XiHAE, REFME. WREN

BTE: BEESN TTS/STT. EEHEE. BaRMHE
E 8 E: ML SR #9288, Live/Trace Evals. Tracing
FIE: HESEL Server. =F&. Docker. /=B

RN

o MSLFFE: SIRIRE Mastra 3F, RIRIRFIR 01-04
. BBIER: 05-07 BIRVAHEESIR, BRELR

. LEBE: 0809 REFHENHILANE

IFRER

e Nodejs >=22.13.0
e TypeScript INH
o E/L—LLM APl Key (H#F OpenAl)

REFIR

npm create mastra@latest
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XA

e Mastra E AN
e Mastra GitHub

e Mastra Discord
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https://mastra.ai/docs
https://github.com/mastra-ai/mastra
https://discord.gg/mastra

$F—E Mastra iR 5RELEF

1.1 Mastra 214

Mastra @—ETF TypeScript B Al RZFAFFAHELZS, H Gatsby FIPA (&35, FLEM React AL
RAEMENAEEAN) 1E. ERNZOEBIRE: iILFRERARER TypeScript FiRME, REMEE
F=RA1EY Al ZFFIEEEE (Agent),

EREEG, WRIRET TypeScript, ABA Mastra BEESIR:

o AITHBELIE— EABIA. BE&ICIZ/18 Al Agent
 AEMMNENEEZAHEXNZSTEIER

o & MCP IHXILIRE Agent N LRAERISMBARSS

o —PEEBEZ Vercel. Cloudflare E=F&
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7t 43% Mastra AR LangChain / CrewAl?

ilag - Mastra LangChain CrewAl
i<
P th y 1) JS
Bs TypeScript R4 Z on & Python
Rz
24 B AP .th
T E5|1E + g% ( .thenQ) , LCEL &8 EFHeE
.branch() , .parallel() ) 9T
MCP % o o
" FERE (BFPiG + RS IH) EEIIMER ¥
LangSmith iV
UIBIE B Studio (FFASENED) angSmith (M | 2
AR%%)
A == 4=
BfSS React / Next.js R4 IEHED HE1THE ?ﬁg{jt
B E5
B a Yy AT O Aot pely o BRICIZ
VEE  mmaam Gue/mE/THEEY) Heial EE e
WY BIiF
7] 2Z 18 (g a1 S f
REY 600+ 11— i ZiRMEERZROR ﬂ“?h
S Fi— LiteLLM

KEVIBER: Mastra RAMERWAET "TypeScript RE"M"2RBR &1+, WRIFHEARZZE
JS/TS, TEMREE Al BEHHRNEI React/Nextjs AR, Mastra I FEHITRZBHIERE, ©
FREM— P RKMEHRE, MEWS TS FAENBESR, RET EBLANTAL.

1.2 D SR —5
Mastra BYZRH9 0] LU — sk E SR IBHE .
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Mastra S=fjl |

i Agent | | workflow | | Tools | ]
| cEee) | | (TtEm | | (TERS) | |
L | 11 : I L : I
| I | |
I L L -
HERGILE | |

Memory - Storage - Vector - Logger | |
Observability - MCP - Scorers | |

KPR M

o Agent (Z&eF): ZOxMA, BEWES. ABRIA. £HREE

o Workflow (L{Ei): SIrEEEITHE—PHMITIREREEA
e Tool (TR): Agent B9"F", FRIER APl. BEHIEES

e Memory (i21Z): it Agent IBFMERSE. AFRIF

o« MCP (IRE! ETFXIMY) : EiZ/MEBTAMARSHIBAREO

o Storage (T£fi#) : IFAMIREHIEIE

o Scorers (iFE{52%): TN Agent iR E

1.3 IF1B 8

REER

o Node,js v22.13.0 HE S ks
o #F npm/pnpm /yarn /bun R EEESS
o IZ{TEYXF: Nodejs. Bun. Deno. Cloudflare Workers

JXEY API Key

Mastra S2#F 40+ HRAZHERY 600+ RE, &EH:

e OpenAl: i&E OPENAI_API_KEY
o Anthropic: I&¥E ANTHROPIC_API_KEY

e Google Gemini: && GOOGLE_GENERATIVE_AI_API_KEY
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Q MRIFEEMRIF, A OpenAl B key NITJENTE],

1.4 BI3EE—1 Mastra BiH

BFR—: CLIRERIE (HF)

npm create mastra@latest

BITR=5IFImERE:

1. IREURMHEE (W OpenAl)
2. NI RZAY API Key
3. ERERRFINE

FERERERIN TR 44

my-mastra-app/

— src/
L— mastra/
— index.ts # Mastra SRfIAD
— agents/
| L— weather-agent.ts # Tffl Agent
— tools/
| L— weather-tool.ts # THITAR

F— workflows/
| L— weather-workflow.ts # RBITIER
L— scorers/
L— weather-scorer.ts # IS
.env # HIRTE

package. json

T

BFRZ: FoREIINEHE

# TRZOE
npm install @mastra/core@latest

# B8 .env X
echo "OPENAI_API_KEY=your—key-here" > .env

FR=: ERFIMEIER
Mastra [RE T HFEE R E) LA THESS
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e Nextjs

e React (Vite)
e Astro

e Express

e SvelteKit

e Hono

1.5 BT Studio @ik

BIRIR G, BoiF&RRSEE:

npm run dev

SAIEFTFFXI S 283A18] http:// localhost:u111/ , REFEE) Mastra Studio:
Studio =T LU IhEE:

o Agents @iR: BHiZ5 Agent XE, hSTHEIEERL, AT temperature F5
e Workflows EtR: MM TIEREE, FSHITHUREER

e Tools @iR: MILMATH, KEBMNEL

o MCPE#R: EFEEREN MCP REHERHETER

o Observability iR : EHIFAAEBEE (traces), THRE—PHIFEFIEE
o Scorers HiR: ZTTIH423, Et Agent BiEILERE

PMAEY: Studio & Mastra X5 FEMAEZRN—KRFi. EALVE, FEEEFIN
Ul, EIZE7E Studio B Agent FIZIER, MELE.

1.6 Hello World: {REYEE—4> Agent

IEFMNIMEBFIBE — R EEAY Agent:
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// src/mastra/agents/hello-agent.ts
import { Agent } from '@mastra/core/agent'’

export const helloAgent = new Agent({
id: 'hello-agent',
name: 'Hello Agent',
instructions: 'fRE—NRIFNDPXEIF, AEEWURHNAXEZFR—R, ',
model: 'openai/gpt-4.l-nano', // {ERAEERERIEEEIE]
3)

EAE] Mastra SE451:

// src/mastra/index.ts
import { Mastra } from '@mastra/core’
import { helloAgent } from './agents/hello-agent'

export const mastra = new Mastra({

agents: { helloAgent 1},
3

ERBIRER:

// 3RBX Agent S5|F (@& mastra SZFIFRER)
const agent = mastra.getAgent('helloAgent')

// EREE

const response = await agent.generate('B—aIEMEEMH AR TypeScript')

console.log(response.text)

// mEE

const stream = await agent.stream('{AFKIFMEFREIE")

for await (const chunk of stream.textStream) {
process.stdout.write(chunk)

}

KRR

e id : Agent FUME—4RIR, AT HEEERH APl BRH
e instructions : RHIERIA, EX Agent BIITHAFAME

e model : {#f provider/model-name &I, Mastra NE 7 Hi—HIIREERH

e mastra.getAgent() : LFEZ import, ENEEIREXE!I Mastra SLfIRY
. =EE)
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1.7 TG

X—ERATHET .

Mastra & TypeScript JR4ERY Al RZFBIEZR, $FRESR JS/TS FFAE
EXRA"2XKIE"IZIT, Agent + Workflow + Tools + Memory —{&1{
@it CLI AT ARMRBIZBRINE , Studio 3R FaEIAVIAIKIFIR
—PEXW Agent REZE id .  instructions . model =ECE

T—EBRITERN Agent 8], BIETHIEAR. SMhaH. SESXES.

216/ 295



$"E Agent REFIT

2.1 Agent B9Z &R

7£ Mastra 7, Agent = LLM + 5<% + TH + 1212, EXEEEN AP HEE%, mE—1MEE
WIREES. BEBFRRFEAMLET A, HIFSEREISHRATENERETT.

— PEMEIELL: R LM B2— M ERBEREFHAM, 3 Agent MBRATEETF (Tools).
L7 EeHE (Instructions). EILEBETIEIZ/T (Memory),

2.2 Agent FeEi$f#

BAEE

import { Agent } from '@mastra/core/agent’

const myAgent = new Agent({

id: 'my-agent’, // ME—1RIR
name: 'My Agent', // BB
instructions: '... "', /] B%ieS
model: 'openai/gpt-5.1', // 1EEEE
tools: { ... }, // BIHAIA

memory: new Memory(), // iBiZEeE
voice: new OpenAIVoice(), // iBEBES] (FAIik)

3<% (Instructions) BIZ#HIEX

8= Agent 9" R3E", Mastra ZIFZME:
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// 1. B —PNFEFS
instructions: 'fRE—MENFEENF, RIBHXENFMEN, '

/2. FRHEHE (SWHHERZERRZRAER)
instructions: [
"RE—MUBBEEER, ',
"B REMMMEERE,
'ARXEE, !,
]

// 3. REHEEA (RIB4RIEH)
instructions: [

{ role: 'system', content: 'fRR—MBEEELEXR, ' },

{ role: 'system', content: 'fR¥5@ TypeScript # React. ' },
]

// 4. FREBEEET (W Anthropic BYZE7Z. OpenAl MYHIEREE)
instructions: {

role: 'system',

content: "fRR—NARERENSRIT, ',

providerOptions: {

openai: { reasoningEffort: 'high' }, // OpenAl #IEfERY
anthropic: { cacheControl: { type: 'ephemeral' } }, // Anthropic &%=
I
}
&S

BELHUR— I RI R, E8RBERNNSEN. XTEUTHRGFER:

. RIBAPSHMEKIES
. MO RGBT
. A/B URFRER TR

const agent = new Agent({
id: 'dynamic-agent',
instructions: async ({ requestContext }) = {
const userTier = requestContext.get('user-tier')

return userTier == 'enterprise'
? RN EARmR, REFANDITRS.
RE—MEENEF, BROERIZFR-,
3
model: 'openai/gpt-4.1',
3
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IRELERA SRR
Mastra fffF provider/model-name ITLIEIFIRE!, WA URHSUIH:

const agent = new Agent({
id: 'smart-router',
// RIERAPFRIEFERE
model: ({ requestContext }) = {
const tier = requestContext.get('user-tier')

return tier = 'enterprise'
? 'openai/gpt-5'
'openai/gpt-4.1-nano’

)

LRI FAMBREEMNER (W0 gpt-u4.1-nano ), EFFIERIBESESERET
TRIER, XEREZH,

2.3 £pEE

generate (—XRYEER)

const agent = mastra.getAgent('myAgent')

/] TERFRFERBAN
const resl = await agent.generate('fR&F')
console.log(resl.text)

/] ZFEERA

const res2 = await agent.generate([
{ role: 'user', content: 'ERLTHSKMERE' },
{ role: 'user', content: '¥9mF17:30IL1' },
{ role: 'user', content: 'F{Kk12:30%13:30' },

D

console.log(res2.text)

stream (GizUiEH)

RABHESEMAFPNER, AILZE Token BIR:
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const stream = await agent.stream('#AFHE—300FME")

for await (const chunk of stream.textStream) {
process.stdout.write(chunk) // FBIiEHE token
}

+4BHZA generate, {+AB}EA stream?

e | generate : EEWEIE. EOIE. BAiXns
e  stream : &H Ul BT, itARPRREIRE

2.4 g5fgikiaith

Agent RXEEHIE 7S, ERREMIHLEMILAY JSON 2448, i@i¥ Zod 5§ JSON Schema & X aiHH&
I

import { z } from 'zod'

const response = await agent.generate(
'DITXEARENRE",
{
output: z.object({
score: z.number().min(0).max(100),
issues: z.array(z.object({
severity: z.enum(['high', 'medium', 'low']),
description: z.string(Q),
line: z.number().optional(),
1),
summary: z.string(),
3,
}

// response.object BEELZLH
console.log(response.object.score) // number
console.log(response.object.issues[0]) // { severity, description, line? }

XA ThEEIERE A, FJLALE Agent BV BRIV 551858, MAREF oI XA,

220/ 295



2.5 ZIETEEN

Bk 5
Agent BJLADITEIR AR

const response = await agent.generate([

{

role: 'user',
content: [
i
type: 'image',
image: 'https://example.com/chart.png’,
mimeType: 'image/png',

3

1
type: 'text',
text: "ERIRAXIKERIXBHIER",

3

1,
3
D

2.6 maxSteps 5Z IR

maxSteps 1=l Agent RZEEMITZ /DR "BE-THIAR-VLIBLER "BEF. BRIAMER 5

const response = await agent.generate('EHRDITRETRIPEELIEBE ", {
maxSteps: 10, // AWTEZRNTEIEA
})

PALFEXN? H Agent EEFAZNITA. AESZERBEI—THNERRET—DH, —1
BB AEE. maxSteps FiELh Agent BV"BE L E LR

{RIEATLLFE onStepFinish [OlERGITE—F .
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const response = await agent.generate('EHEH', {
maxSteps: 10,
onStepFinish: ({ text, toolCalls, toolResults, finishReason, usage }) = {
console.log('FE—%:", {
text: text?.slice(0, 50),
toolCalls: toolCalls?.length,
finishReason,
tokens: usage,
B
b
B

2.7 RequestContext: i KK LETFTX

RequestContext JLLYREEARIEIFREV LT XEHEIEE Agent 1779:

export type UserTier = {
'user-tier': 'enterprise' | 'pro'

export const myAgent = new Agent({
id: 'context-agent',
name: 'Context Agent',
// WRIER P FREFREIEE
model: ({ requestContext }) = {
const userTier = requestContext.get('user-tier') as UserTier['user-tier']
return userTier == 'enterprise'
? 'openai/gpt-5'
'openai/gpt-4.1l-nano’
b
3

XTSI SaaS AT B IME—ARFRHIA P AILURFI R ERERNRS,

2.8 Agent B S5

ER
18 Agent JEARE] Mastra 26, iLEREWEBiHIRE):
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import { Mastra } from '@mastra/core'’
import { myAgent } from './agents/my-agent'’

export const mastra = new Mastra({
agents: { myAgent },
1))

51F8
YG423E13 mastra.getAgent() 3FREYX Agent 5|, MIFEIE import:

// #PF: B Mastra 3EfIFREX
const agent = mastra.getAgent('myAgent')

// R T HiEF import
import { myAgent } from './agents/my-agent'’

8T SLFIFREXBEF AL -

BaEIANRZERE (BE. EN. =6#)
o BEIFINEMEEMEY Agent F1ITH
o Studio AT B A MM EIE

2.9 Agent fEAT R (Supervisor i)

Agent AJLA#GEM NS —1 Agent BV FHIE, A" EE-TRE"RI:
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const researchAgent = new Agent({
id: 'research-agent',
name: 'Research Agent',
description: '{ERKESREMENEE", // description REE, #HEBIR Agent RIHE
instructions: "{RE—MHARBIF ... ',
model: 'openai/gpt-u4.1',
)

const writerAgent = new Agent({
id: 'writer-agent',
name: 'Writer Agent',
description: "{EEKIEMAREZRTHAHNNE',
instructions: 'fR@—1MGE{EBHF ... ',
model: 'openai/gpt-4.1',

3

// R Agent (XE)
const supervisorAgent = new Agent({
id: 'supervisor',
name: 'Supervisor',
instructions: 'fROBMEMRMSIEES. LiLARRWESRE, BiIEFEEXE, ',
model: 'openai/gpt-5.1"',
agents: { researchAgent, writerAgent }, // EMFIE
1))

FRESBoRERATE, 52 MNA agent—name> . Fla0_ EEIGFH, FET LA

agent-researchAgent #1 agent-writerAgent o

2.10 A5 haE

X—EHTRNTHT Agent WA A EME:
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= B

B TR HA. RIRBFSMERL
&R £/ provider/model &3, ZIFENEERH
it generate ([E#) M stream (Rz0) AR
st il #®8id Zod Schema LFRIHE

ZIRE SFER DHESRSHAN

maxSteps 1= Agent BUER RIEIED £

RequestContext BRELTX, EEZHEPTR

Supervisor Agent BIEJ AR EE- FRHIZEFIER

T—ERIEFES] Tools (TLH) M MCP (A ETFXIH , XZit Agent "BIFME"RIKH,
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B=E THR%S MCP

31 A4 Agent EET A
LLM B REEERNX A, JIRREEMXLESNRE, MEELA:

o THTEIKRSR. BN FiE
o EFRNER APl EIEE

o PUTITE. R

s 5E=FRERE

TRNFBBHRZ: 4 Agent IRIE—1HARBARENRE, iLCE#EBEIES BT REMR
Ao

32 fIEEENXTA

B4

import { createTool } from '@mastra/core/tools'
import { z } from 'zod'

export const weatherTool = createTool({
id: 'weather-tool',
description: 'REUEEWHHHARSER', // EARREXE, LLN FEREESEA
inputSchema: z.object({
location: z.string().describe('HMm&#, W dtm=""),
3,
outputSchema: z.object({
weather: z.string(),
3,
execute: async (inputData) = {
const { location } = inputData
const response = await fetch(
‘https://wttr.in/${encodeURIComponent(location)}?format=3"
)
const weather = await response.text()
return { weather }
b
3

THRigiteyERZEN:
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1. description EEEFE LLM FEE i EE AR
2. inputSchema WIFEEREBIEX—— location tb paraml 18
3. "1MILAERM—BE—ToZE/LI1MIA, Wil wLtET]"

T AN HRE"

BN TRERENHIEREE (LaimERA), BERERFEREEINHEP—ID. B
toModelOutput f#R:

export const weatherTool = createTool({
id: 'weather-tool',
description: 'HKEXRSEER',
inputSchema: z.object({ location: z.string() }),
outputSchema: z.object({
location: z.string(),
temperature: z.string(),
condition: z.string(),
weatherIconUrl: z.string(),
source: z.any(), // SEEMNRIEEIE
3,
execute: async ({ location }) = {
const response = await fetch(‘https://wttr.in/${location}?format=j1‘)
const data = await response.json()
return {
location,
temperature: data.current_condition[0].temp_C,
condition: data.current_condition[0].weatherDesc[0].value,
weatherIconUrl: data.current_condition[@].weatherIconUrl[@].value,
source: data, // TEHIEFREBLNAE

R%&iﬁﬁgh , BEFIREZE token
toModelOutput. (output) = ({
type: 'content',
value: [
{ type: 'text', text: ‘${output.location}: ${output.temperature}°C, ${output
{ type: 'image-url', url: output.weatherIconUrl },
1,
3,
})

FBEVIEAR:  toModelOutput E—MHIENIZIT, MEHTREIREIFEIRBFEFREAK (Fbal—
A APl IR[C]RY5EEE JSON) ,, BRREEMN EFTXEORER., BT  toModeloutput , REJLL
1B LA ET IR RV AR " AR BV IRV IR D 7T, BER token XAEFER.
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3.3 BT AYPEE] Agent

import { Agent } from '@mastra/core/agent’
import { weatherTool } from '../tools/weather—tool’
import { calculatorTool } from '../tools/calculator-tool'

export const assistantAgent = new Agent({
id: 'assistant',
name: 'Smart Assistant',

\

instructions:
FR—TEEeF, TUTRARSMMEHRFITE,
LA RXSMEXE)@EE, FH weatherTool,
SRR FR=Y, A calculatorTool,

AN
1

model: 'openai/gpt-u.1',
tools: { weatherTool, calculatorTool }, // #EZNTHE
})

Agent MIfELRERAMITIR? ERIBLUTESMFIE:

1. TAH description

2. TEM inputSchema (BEZMIER)
3. Agent BEEH) instructions

4. AP RYEIN

FRLA, 3FBI T BiiAM Agent 5 < R T AWK IEMIBRRIXE,

34 TIERIEATIA

Workflow t28] LA#F A7 Agent WA :
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import { createWorkflow } from '@mastra/core/workflows'’

export const researchWorkflow = createWorkflow({

id: 'research-workflow',

description: '"#EETEFFNEEHERBEIRS', / WINEE description

inputSchema: z.object({ topic: z.string() 1),

outputSchema: z.object({ summary: z.string(), sources: z.array(z.string()) }),
3

.then(searchStep)

.then(summarizeStep)

.commit()

// Agent Hh{EF
const agent = new Agent({
id: 'research-agent',

instructions: "fRR—MAREIF, ERAMARIERRKEEE. ',

model: 'openai/gpt-4.1',

tools: { weatherTool },

workflows: { researchWorkflow }, // T{EmtbeEXUTER
B

TERWIARGE, Agent SREI—1MEE result # runld MR, BLAREEHITRS.

3.5 toolName ByapR#R M1

EARTIMN AR, TRRZHIREMETA key RER:

// BR1: BTERE key
tools: { weatherTool } // > toolName: "weatherTool"

// B2 BIA id # key

tools: { [weatherTool.id]: weatherTool } // - toolName: "weather-tool"

// B3 BEX key

tools: { 'my-weather': weatherTool } // - toolName: "my-weather"
// FREMIERNGE N

agents: { weather: weatherAgent } // = toolName: "agent-weather"
workflows: { research: researchWorkflow } // - toolName: "workflow-research"

229/ 295



3.6 MCP: #&8Y T3¢l

MCP Bt4

MCP (Model Context Protocol) @—MNFRARAE, BJLIREEN"Al TER USB-C#EO" BT
©, Agent B] LUEIZEMAISHF MCP BIARSS, REH MRS EAMTAES SR,

Mastra ¥ MCP BIX 5 03 ™A M

o MCPClient: itfREJ Agent EAZIAR MCP fRSZ CHEE)
e MCPServer: iL{FEY Agent ITEREN MCP R3S (IR1HE)

RE

npm install @mastra/mcp@latest

MCPClient: ZE3ZEIMEE MCP BRSS

import { MCPClient } from '@mastra/mcp'

export const mcpClient = new MCPClient({
id: 'my-mcp-client',
servers: {
// BFR1: &M npx &
wikipedia: {
command: 'npx',
args: ['-y', 'wikipedia-mcp'],
b
// A2 =2 HTTP BRSS
weather: {
url: new URL(
‘https://server.smithery.ai/@smithery-ai/national-weather-service/mcp?api_
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£ Agent € MCP TR

import { Agent } from '@mastra/core/agent’
import { mcpClient } from '../mcp/my-mcp-client'’

export const mcpAgent = new Agent({
id: 'mcp-agent',
name: 'MCP Agent',
instructions:
RE—MEEBIF, BJLUARLLT MCP ARSS:
- Wikipedia: ZTABERIIA
- XA BEEEXRS
XL T BkEIZE AP RYB)E,

AY
1

model: 'openai/gpt-4.1',
tools: await mcpClient.listTools(), // —1TE3MNEFIE MCP TA
})

S vs i AITR
/i Bk ERAER
BRF/EERE listTools() CLl TH. RERS
ZHF/oSEE listToolsets() SaaS NMA, S 1TAFBETE APl key

SIETRA (ZHEPHR):
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async function handleRequest(userPrompt: string, userApiKey: string) {
// BNERGIEIHIIA MCP BFR
const userMcp = new MCPClient({
servers: {
weather: {
url: new URL('http://1localhost:8080/mcp'),
requestInit: {
headers: { Authorization: ‘Bearer ${userApiKey}' 1},

const agent = mastra.getAgent('myAgent')
const response = await agent.generate(userPrompt, {

toolsets: await userMcp.listToolsets(), // £ generate BJfEN
3

await userMcp.disconnect() // F5HTF
return response.text

MCPServer: SE{RHIIRS
RiEsk, {RtEETLGEE T Agent M T il MCP WX SMEB R 435 1]

import { MCPServer } from '@mastra/mcp'

import { myAgent } from '../agents/my-agent'

import { myTool } from '../tools/my—-tool'

import { myWorkflow } from '../workflows/my-workflow'

export const mcpServer = new MCPServer({
id: 'my-mcp-server',
name: 'My AI Server',
version: '1.0.0',
agents: { myAgent },
tools: { myTool 1},
workflows: { myWorkflow },
})

FAE] Mastra SE451:
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import { Mastra } from '@mastra/core/mastra’
import { mcpServer } from './mcp/my-mcp-server'

export const mastra = new Mastra({
mcpServers: { mcpServer },

P

MCP D
MCP BRE A LUE SEM AR O & IANERE, Mastra TIFZ N EFSEMEBLN

o Klavis Al: 1BAVERIAIE

o mcp.run: BEEMA

o Composio.dev: API EFFE
e Smithery.ai: 11X MCP &&

3.7 TRt {EL
EFSRIRERAN, SE1ETRRHEN:

1. 81 ITARGFSE—: A2 AHRIA", EERRSMHERESRRITTITARE

2. R EEF LLM: BHERRERIREL —MERBSE TR ARSI LR T AT
A

3. WANBHRIEXEEA: cityName Lt param ¥F, startDate Lt d1 #F

4. A .describe() #MFEBH: z.string().describe('ISO #&FAYAHA, 40 2024-01-15')

5. 5I12fFEM toModeloutput : HTEIREIKEHIER, RAREEHE

6. FHIRMIBERYF: ROEEEXHMEIRESR, MARE throw —MEMHNEE
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3.8 RS/

6o

A
createTool
toModelOutput
Agent + Tools
Workflow as Tool

MCPClient

MCPServer

KEER

F8 Zod EXHINfLH Schema, description 2R

RN FRVEEE M A R A B E

1@3d tools BMHE, Agent BERKIAR

TEREITER, ssBMUA workflow—key>

EEFESMER MCP BRSS, listTools() / listToolsets() MRMIEI(

BE28 Agent/ TERE N MCP RS

T—ERITEES] Workflow (TER), XZ Mastra PRIBAEHLRERENIIEE.
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FME Workflow L{ERg|EE

4.1 Agent vs Workflow: {aIBs MR

XE—MIFERD SRR, &R EriRE:

"BHREEXREXE" Agent FRIEES, it LM BRAE

SRR — BIR APl - BIEERIRS"  Workflow  BEMESS IR, BEEHIT

"D RIELER, RTE D ZLEWAER] Agent FEEEFR
"BRZEIMEGERE - Bk - NE Workflow — EIEMRIE, T LLM HIE

KRVIBRER . Agent RE"BHAZENGIEREE", Workflow RE" M RHITRIMKE . RERILL
BEE#RE——Workflow BIEN T BRI LA Agent, Agent A LUfi%A Workflows

4.2 OB
Mastra Workflow EF =Mz

1.Step (FB;): FH createStep EX, BNMNFBEERAN Schema. Hith Schema MHITIEE
2. Workflow (T{E): B createWorkflow HRHZNSEBHHITINE
3.Run (GB1TEM): B createRun BIERT{ER—XHIT
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4.3 QIEP R

import { createStep } from '@mastra/core/workflows’
import { z } from 'zod'

const validateStep = createStep({
id: 'validate',
inputSchema: z.object({
email: z.string().email(),
name: z.string().min(1),
3,
outputSchema: z.object({
isValid: z.boolean(),
normalizedEmail: z.string(),
3,
execute: async ({ inputData }) = {
const { email, name } = inputData
return {
isValid: true,
normalizedEmail: email.toLowerCase().trim(),
}
3
3

Schema ILEZRN (EE! ).

o B—NPEM inputSchema HAILEET{EREY inputSchema

o RIg—1MTEM outputSchema MZAILEZTIEFAY outputSchema

o HHEPTE: HI—PH outputSchema HILEfF—H R inputSchema
o WIRAME, A .map() HEIERFIR

4.4 ¥=HIR

IRF#TT: .then()
RERENER. PEBRINFRNIT, S—FaILUsREI—F SR,

const workflow = createWorkflow({

id: 'sequential-example',

inputSchema: z.object({ message: z.string() }),

outputSchema: z.object({ result: z.string() }),
B

.then(stepl) // 51T stepl

.then(step2) // BT step2

.commit() /] FEREX
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HITHIT: .parallel()
ST ERNHUT, 2BTREFHENT—F,

const formatStep = createStep({
id: 'format-step',
inputSchema: z.object({ message: z.string() }),
outputSchema: z.object({ formatted: z.string() }),
execute: async ({ inputData }) = ({
formatted: inputData.message.toUpperCase(),
3,
3

const countStep = createStep({
id: 'count-step',
inputSchema: z.object({ message: z.string() }),
outputSchema: z.object({ count: z.number() }),
execute: async ({ inputData }) = ({
count: inputData.message.length,
3,
3

// BHPE: FE inputSchema WILEMEIE parallel MViHH
const combineStep = createStep({
id: 'combine-step',
inputSchema: z.object({
'format-step': z.object({ formatted: z.string( }),
'count-step': z.object({ count: z.number() }),
3,
outputSchema: z.object({ result: z.string() }),
execute: async ({ inputData }) = {
const formatted = inputDatal'format-step'].formatted
const count = inputDatal'count-step'].count
return { result: ‘${formatted} (${count} characters)' }
b
B

const workflow = createWorkflow({
id: 'parallel-example',
inputSchema: z.object({ message: z.string() 1),
outputSchema: z.object({ result: z.string() }),

1))
.parallel([formatStep, countStepl) // FHITHIT
.then(combineStep) /] EFHLE
.commit()

parallel BHIHEN: E— MR, key B NP EN id , value EZFENHEH. FTAT—%
BY inputSchema EFAF R id (EAFE R,
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£%459%: .branch()
RIBS A EFERITH N2
const workflow = createWorkflow({

inputSchema: z.object({ value: z.number() }),
outputSchema: z.object({ result: z.string() }),

3

.then(initialStep)

.branch([
/] [FHERE, RENITHSE]
[async ({ inputData: { value } }) = value > 10, highValueStep],
[async ({ inputData: { value } }) = value = 10, lowValueStep],

D

.commit()

branch FJX#:

o FMHREXIFFITE, F—17 true NI ZWMIT
o AE—HRXEWIT
o [FEF B inputSchema EF optional FESRAMERE 52 Z AV

&% : .dountil() / .dowhile() / .foreach()

// do-until: HITERIZHNE
workflow
.dountil(
incrementStep,
async ({ inputData: { number } }) = number > 10 // ¥ number > 10 BI{EIE
)

.commit()

// do-while: HFHRNERFEMIT
workflow
.dowhile(
incrementStep,
async ({ inputData: { number } }) = number < 10 // ¥ number < 10 BI4kLR
)

.commit()

// foreach: WEHAMEBNTERITHREILZE

workfLlow
.foreach(processItemStep) // BRINRFHRAT
.foreach(processItemStep, { concurrency: 5 }) // #H175%
.commit()

foreach EBREAMNEIRARN, LLHEREE, #HERA APl Fo
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URMRSY:  .mapQ)
YP BB Schema ALEES, B .map() 3EHEENIE:

workfLlow

.then(stepl)

.mapCasync ({ inputData }) = {
// 18 stepl BYMILEEHERL step2 FEREI
return {

bar: ‘transformed: ${inputData.foo}"’,

}

ED)

.then(step2)

.commit()

.map() IR ME T IHBIREL:

e getStepResult(stepId) : REIEEFTBEMLER
e getInitData() : FREXT/ERMBIFIIGHAN

e mapVariable() : FERATNFERMRET

4.5 TIERIRE

TERRSILIRA UET B ZBIHZEHIE, MATEBIE—FH inputSchema/outputSchema
fZik:

const stepl = createStep({
id: 'step-1',
inputSchema: z.object({ message: z.string() 1),
outputSchema: z.object({ formatted: z.string() }),
stateSchema: z.object({ counter: z.number() 3}), // EMIRZE Schema
execute: async ({ inputData, state, setState }) = {
// EEURES

console.log(' HFjit#k: ', state.counter)

// BEHURES

setState({ ...state, counter: state.counter + 1 })

return { formatted: inputData.message.toUpperCase() }
b

)

HARMERRE? YREHEFTEESIMPRRR (it SRKESR), HEFEH
ZEE,
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4.6 EERSME (Human-in-the-Loop)

X Mastra Workflow REBABIEZ — TIERAUEEETEEE, FR/ATHIANEEY

4

TEX AR R

const approvalStep = createStep({
id: 'approval',
inputSchema: z.object({ userEmail: z.string() }),
outputSchema: z.object({ output: z.string() }),
resumeSchema: z.object({ approved: z.boolean() }), // ENFZEERIIE
execute: async ({ inputData, resumeData, suspend }) = {
const { userEmail } = inputData
const { approved } = resumeData ?7? {}

// MREEHEHE, FEETIER
if (lapproved) {
return await suspend({})

}

/] WHUERAR AT

return { output: ‘Email sent to ${userEmail}‘ }

)

REMIT

const workflow = mastra.getWorkflow('myWorkflow')
const run = await workflow.createRun()

// BhisfT (X7 approval FEIEL)
const result = await run.start({
inputData: { userEmail: 'user@example.com' },

P

if (result.status == ‘'suspended') {
[/ FENEZ (FIeE/LaHE, Welage/lRE), MERIT
const finalResult = await run.resume({
step: 'approval',
resumeData: { approved: true },

3

ERm=
o HHLFHIE: ERIRSEFHIEHM
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o ANIMHIA: RIZHMEFRIFIARBTFUEA
o HIFIMEBENA: AAE =7 APl BEEF Webhook [E]iF
o PRI 3TWHI APl JARRSAER

Sleep: EITEE

workflow
.then(stepl)
.sleep(60000) // EfE 60
.then(step2)
.sleepUntil(new Date('2025-01-01')) // HEIEERT(E]
.then(step3)
.commit()

4.7 TEFRHRE
TERAIMMWEAS — 1N TIERNTE:

const childWorkflow = createWorkflow({

id: 'child-workflow',

inputSchema: z.object({ message: z.string() }),

outputSchema: z.object({ emphasized: z.string() }),
3)

.then(stepl)

.then(step2)

.commit()

const parentWorkflow = createWorkflow({
id: 'parent-workflow',
inputSchema: z.object({ message: z.string() }),
outputSchema: z.object({ emphasized: z.string() }),
3)
.then(childwWorkflow) // FI{ERIEA—ITHE
.commit()

MREEERTERBINIEEE, A cloneWorkflow :

import { cloneWorkflow } from '@mastra/core/workflows'
const clonedWorkflow = cloneWorkflow(parentWorkflow, {

id: 'cloned-workflow',

P
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4.8 IBITITIER

const workflow = mastra.getWorkfLlow('myWorkflow')
const run = await workflow.createRun()

const result = await run.start({
inputData: { message: 'Hello world' },

P
if (result.status == 'success') {
console.log(result.result) // &m=&%HiH
}
/nbitﬁzi?i:

const stream = await run.stream({
inputData: { message: 'Hello world' },

})

for await (const chunk of stream.stream) {
console.log(chunk.payload.output.stats)
}

HRWREGH

{
status: 'success' | 'failed' | 'suspended' | 'tripwire' | 'paused',
input: { message: 'Hello world' 1},
steps: {
'step-1': { status: 'success', payload: {...}, output: {...} },
'step-2': { status: 'success', payload: {...}, output: {...} },
b
result: { ... }, // status == 'success' BAH
error: { ... }, // status == 'failed' BYAIH
}
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4.9 R IR

EiticE

// TIERER: FrETBHEE
const workflow = createWorkflow({
retryConfig: {
attempts: 5,
delay: 2000, // =&
b
1))

// TR BETEREE
const stepl = createStep({
execute: async () = {
const response = await fetch('https://api.example.com/data’')
if (lresponse.ok) throw new Error('API JARKK')
return { value: await response.json() }
b
retries: 3, // XM EHZER 3 X

)

a5 FHAEIR

const workflow = createWorkflow({
id: 'order-processing',
inputSchema: z.object({ orderId: z.string() }),
outputSchema: z.object({ status: z.string() }),
options: {
onFinish: async (result) = {
/] TN RME =R
await analytics.track('workflow_completed', {
status: result.status,
workflowId: 'order-processing',
ED)]
b
onError: async (errorInfo) = {
/] AXTER BT IE A
await alertService.notify({
channel: 'alerts',
message: ‘TIEMKM: ${errorInfo.error?. message}",

3
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bail(): RaNEH

const stepl = createStep({
id: 'check-cache',
execute: async ({ inputData, bail }) = {
const cached = await cache.get(inputData.key)
if (cached) {
return bail({ result: cached }) // @H%&fF, Hi#REO, BLIEESE
}
return { result: null }
}:
B

4.10 IFHIRIREINVERER

Bk Ri& i\ -Hith
.then(step) IR 1T T-U
.parallel([a, b1) FITHAT T-{aUb:V}
.branch([ ... 1) ZHN= T — { selectedStep: U }
.foreach(step) #RIBH T[] = U[]
.foreach(step, {concurrency: N}) HITBH T[] = Ul
.dountil(step, condition) BT ER T-T
.dowhile(step, condition) LM ERER T-T
.map(fn) IR T-U
.sleep(ms) ERTE S T-T
.sleepUntil(date) £ 3i5EhTE] T-T

4.11 RE I
Workflow & Mastra F&z"E" B HEEAKNINEE, ZROEA:

1. Step BIIEIR: SNPEHETEIBNREL Schema
2.5%30 API fRES:. .then()/.parallel()/.branch()/.foreach() BZE T JLFFIBEEHIR

=2
=
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3. Schema ILER 2 X5 BSFPER Schema AT, AIWTFRA .map() i
4 HRR/MERRFR: X Human-in-the-Loop, T{ERBINEEHRGHE:
5. REAE: TIERAIUERE, eI Agent HETEIAA

T—EBFHNPERN Memory (i212) &%, it Agent HIE"EE"AF,
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BEAHE Memory igIZRS

5.1 Aft4 Agent EEITIZ

REIRIZH Agent ME—FREE—EBRWNEHMMEFIE, AP HR"KINER", T—RImMET
RIZCRGRRIIZOEZZ . ik Agent EZSRINEM S REFZEIFREF L TGER M

Mastra f2{ft 7 UM E4MYIC|ZRE

Memory iEiZHE% |

HERE > EHIHELETX |
MRIBIZ «» KEAESEICIZ BREREREIEK) |
TRIEIZ <> FHAKRIAFEEEMRmIF |
EBXAE <> RIFBEXEMERRREER |

FHEVIRRE . XMOMICIZMN T AKIBIZHNAEAE—ERHER WA BMIE", WRISIZZE ]
FIEEIZ, TFRIZE2MREERNXTEANSER", BEXARZE RABEEMEXHNE".

5.2 pite: ECETEE &Iz
AR, YREREEIEERE, Mastra S35 SRR
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// PostgreSQL
import { PostgresStore } from '@mastra/pg’
const storage = new PostgresStore({

id: 'pg-store',

connectionString: process.env.DATABASE_URL,
B

// 1ibSQL (SQLite ¥Z&, E&HX)
import { LibSQLStore } from '@mastra/libsql'’
const storage = new LibSQLStore({
id: 'libsql-store’,
url: 'file:./mastra.db',
B

// MongoDB
import { MongoDBStore } from '@mastra/mongodb’
const storage = new MongoDBStore({
id: 'mongo-store',
uri: process.env.MONGODB_URI,
3

// Upstash (Serverless Redis)
import { UpstashStore } from '@mastra/upstash’
const storage = new UpstashStore({

id: 'upstash-store',

url: process.env.UPSTASH_URL,

token: process.env.UPSTASH_TOKEN,

)

FERTUER I ERECE

/] KBIERI: FiBE Agent HE

const mastra = new Mastra({
storage: new LibSQLStore({ id: 'shared', url: 'file:./mastra.db' }),
agents: { myAgent },

})

// Agent Z&3F: EA~ Agent TH
const agent = new Agent({
id: 'my-agent',
memory: new Memory({
storage: new PostgresStore({ ... }), // TE=FHE
3,
3

5.3 JHEB® (Message History)

EREMANCIZEE —REFERMNIEHES, 1k Agent FlE"HAIZHEI T A"
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import { Memory } from '@mastra/memory’

const memory = new Memory({
options: {

lastMessages: 20, // RE&E 20 £FHEE BUAMEHLESEDN)

H
)

const agent = new Agent({
id: 'chat-agent',
instructions: '"fRR—NRFHNIIREIF. ',
model: 'openai/gpt-4.1',
memory,

)

/] ERNEREIEE thread (FHELIE)

const response = await agent.generate('fR§F, FA/EA', {

memory: f{
thread: 'conversation-001', // ¥HEIRIA
resource: 'user-001', // BFP#RiR
5
D)

// BEINER, Agent BEIZEZHIIRAY

const response2 = await agent.generate('{REFIZFEMHANLE? ',

memory: f{
thread: 'conversation-001',
resource: 'user-001',
3
})
// Agent =[EIZ: {RAY/)\EH

thread # resource B2 :

e thread : —XRXNEBIIRIR GEMEIREO)

e resource : AFPBINR (—PMEFHUEZA thread)

5.4 IMEEiZ1Z (Observational Memory)

FE emastra/memory@l.1.0+

X Mastra REBABIEIFG . MEEMIEEK, HERE

i)l

=TFRAK,

o EFXEH (ContextRot): FHEEEMZ, Agent RIIHE

o FT3TGRE (Context Waste): KEF S token HEBEREET
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MEICIZHERRAZ: AMNEE Agent (Observer + Reflector) 3BRIATE B ESER MERE
12", FRELETXEONMmE,

BRI WEFLIZ = BEIHEE + MHREE.

import { Memory } from '@mastra/memory’
import { Agent } from '@mastra/core/agent'

const agent = new Agent({
name: 'my-agent',
instructions: 'You are a helpful assistant.',
model: 'openai/gpt-4.1',
memory: new Memory({
options: {
observationalMemory: true, // ®iiX—17, #IAA google/gemini-2.5-flash
b
3,
B

BENXRE

const memory = new Memory({
options: {
observationalMemory: {
model: 'deepseek/deepseek-reasoner', // IEEMEE/&EBEFEHER
b
b
})

HEERA ETXEO 128K+ BHERERIVRE, EMHREIEE:

e google/gemini-2.5-flash (ZAIA)
e openai/gpt-5-mini
e anthropic/claude-haiku-u4-5

e deepseek/deepseek-reasoner
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TERIE: =RBidlZ

1. EHAEE (Recent Messages)
> BHRNEFNECR

2. ME%iZ (Observations)
> HHE token &@IEME (EAIA 30K), Observer i
HEESENEEHIMBREIR, E4FE 5~00 F

3. RE (Reflections)
> HMmETEEHE (BAIA UOK), Reflector BX
RAE, aHEXEE, RIFER

e (Scope)

// thread scope (FXiA): S MEEMIIMINMEIZIZ
const memory = new Memory({
options: {
observationalMemory: {
model: 'google/gemini-2.5-flash',
scope: 'thread',
b
5
B

// resource scope (RI%): F—RAFPBELELEMERIZIZ
const memory = new Memory({
options: {
observationalMemory: {
model: 'google/gemini-2.5-flash',
scope: 'resource', // EIEIEZ
b
b
})

250/ 295



Token MEEIE

const memory = new Memory({
options: {
observationalMemory: {
model: 'google/gemini-2.5-flash',
observation: {
messageTokens: 30_000, // ;HEi8d 30K token BIfii’k Observer (FXIA)
b
reflection: {
observationTokens: 40_000, // WMZZEICEEd UOK token BIfi’Z Reflector (FAIA)
b

SFHEM (Async Buffering)
FINFFBo. Observer G ETITEMREID, MASENIIENAE, Agent THREHE:

const memory = new Memory({
options: {
observationalMemory: {
model: 'google/gemini-2.5-flash',
observation: {

bufferTokens: 0.2, // & 20% B9 messageTokens ZH—Rx (BXIA)
bufferActivation: 0.8, // BUEEIRE 20% RUEERSE
blockAfter: 1.2, /] REEE, 1.2x BakiED W
b
b
b

// XABRFEHR CLRRTIE)
const memory = new Memory({
options: {
observationalMemory: {
model: 'google/gemini-2.5-flash',
observation: {
bufferTokens: false,
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TFEISEC 23R!

MERIZIZBRI R #F @mastra/pg « @mastra/libsql #1 @mastra/mongodb =FH{FAEIEHED
o

S H#hig1Z2E 8833tk

eIt MEINZ HERE TEiRiZ EXAE
BOER KEWHEES  EEERR EMRITEE EXRERP
FFXE

. B EEER) & (EEE8) K (Eesi) h (RERE)

ERB RS

BEhEE 2B j RER ey (AgentE3) B
EEGE  KWE/KESE S RS TSP EE

FAVIERE . WIRORAY Agent EEBKME (JL+HULE) BKEES (EL40A Playwright B )
KMDT) , MBIZIZILFBLET, EERMFYRLEAUERERRE + TRCIZHNAS, mA
RAER. EREES.

5.5 T{EidtZ (Working Memory)

TRIZIZRE Agent " BEE R —FREXTRAFIFALKER, NEF. RiF. BirF.
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REF I8

import { Memory } from '@mastra/memory’

const memory = new Memory({
options: {
workingMemory: {
enabled: true,
b
b
3)

const agent = new Agent({
id: 'personal-assistant',
name: 'PersonalAssistant',
instructions: 'fRE—MEOHINABIF.
model: 'openai/gpt-4.1',
memory,

)

BE XEiR
BRI Agent RIZICEMPLE S :

const memory = new Memory({
options: {
workingMemory: {
enabled: true,
template: ‘# AR
#H TAER
- W&
- fug:
- RX:
#H (RYEF
- BN [EX/MEE]
- mEB#x:
- XPEHIERHA:
- [#LEHE 1]1: [HHA]
H SIERES
- ERienES:
- RERRAVR)E :
- [ir& 11°,
b
b
B

RIREHEEXEREN. AP HU/NA, 7EiL
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# BAPEE
#H TAER

- ¥R /A
- UE: bR
- BYX:

ZHIFI81Z (Schema &)
NRIFBEE ™RIBS, F Zod Schema B UIER

import { z } from 'zod'

const userProfileSchema = z.object({
name: z.string().optional(),
location: z.string().optional(),
timezone: z.string().optional(),
preferences: z.object({
communicationStyle: z.string().optional(),
projectGoal: z.string().optional(),
deadlines: z.array(z.string()).optional(),
}).optional(),
3

const memory = new Memory({
options: {
workingMemory: {
enabled: true,
schema: userProfileSchema, // A schema, FZ[FE template
b
b
})

Schema RILEAGHIEN (merge) , Agent IFERMETMHFE, HMFRBEMKRSE:

/] FB—RIERE

{ ||name||: IIIJ\EEII, ||'Locati0nu: ||jt§ll },

/] B EE (REHT timezone)

{ "name": "/\BA", "location": "JtEm", "timezone": "Asia/Shanghai" }
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iIBIZEAWEE

SEE ] ERHE
resource (ZRIA) E—RAFPFREMERE PMABNFE. R
thread BN MIEEIEMIT I&EES. BEREENEIE

// RARP%&A121Z (FRIA)
const memory = new Memory({
options: {
workingMemory: {
enabled: true,
scope: 'resource', // [E—FFHFE thread £=
b
b
3)

/] ZIZRHNBIZ
const memory = new Memory({
options: {
workingMemory: {
enabled: true,
scope: 'thread', // &7 thread iz
b
b
3
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mizTVig BHIIRICIZ

/] BIERLAIZRITRIZIEIZ

const thread = await memory.createThread({
threadId: 'thread-123',
resourceld: 'user-u456',
title: '#0i25&18",

metadata: {
workingMemory: ‘# BERYZ

- BE: K=
- Mma: o+
- 38 FBE
- HEiA%: I,

b
3

// ZJ& Agent EpKEIERBEIH EXEER
await agent.generate('EHMBRMFA? ', {
memory: { thread: thread.id, resource: 'user-u456' 1},
B
// B EMNmEE o

RixTFigle
L= TREILL Agent BEB EIEIZBTEEEEL:

const response = await agent.generate('fRTEFMHA4? ', {
memory: {
thread: 'conversation-123',
resource: 'user-456',
options: {
readOnly: true, // Ri¥E, Agent A=EFMIIFIEIZ
5
b
B

EAR: BBE Agent. F Agent (£% Agent RFEHRRESEBRNIENIZIZ) -

5.6 iIEX AME (Semantic Recall)

BXYBEIEFEXEME (MIEXERTE) MAEEEPRKZREXRER.

ELb: HEREER " MRFRINEIRIZER", BEXZBEE"RAEE=1"AaiihdavExiEm",
Hi\Th

EXBERIAFR. REL Agent Bt T Memory, FIEBEIEA:
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import { Agent } from '@mastra/core/agent’
import { Memory } from '@mastra/memory’

// EBXBERINFE
const agent = new Agent({
id: 'support-agent',
name: 'SupportAgent',
instructions: 'You are a helpful support agent.',
model: 'openai/gpt-u4.1',
memory: new Memory(), // B=hfER 1ibSQL {EARINFMEMMAIEE
B

ECETFEMRERE

import { Memory } from '@mastra/memory’
import { Agent } from '@mastra/core/agent'
import { LibSQLStore, LibSQLVector } from '@mastra/libsql’

const agent = new Agent({
memory: new Memory({
storage: new LibSQLStore({
id: 'agent-storage',
url: 'file:./local.db"',
3,
vector: new LibSQLVector({
id: 'agent-vector',
url: 'file:./local.db',
3,
3,
3)

WA LA PostgreSQL:

import { PgStore, PgVector } from '@mastra/pg'

const agent = new Agent({
memory: new Memory({
storage: new PgStore({
id: 'agent-storage',
connectionString: process.env.DATABASE_URL,
3,
vector: new PgVector({
id: 'agent-vector',
connectionString: process.env.DATABASE_URL,
3,
3,
})
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EeEAOSK

const agent = new Agent({
memory: new Memory({
options: {
semanticRecall: {
topK: 3, // 1R 3 FRAEMECES (BGA)
messageRange: 2, // BELREEREEFHE 2 FHEEENLTX
scope: 'resource', // 1£ZSEE: resource (B4Li2) T thread (RYFILIE)

EoE AR NIEE

import { Memory } from '@mastra/memory’
import { ModelRouterEmbeddingModel } from '@mastra/core/llm'

// BF™—: Model Router (¥#7F)
const memory = new Memory({

embedder: new ModelRouterEmbeddingModel('openai/text-embedding-3-small"'),
})

[/ AR AERN (BF API, B&PIA)
import { fastembed } from '@mastra/fastembed'
const memory = new Memory({

embedder: fastembed,

P

4RIV recall()
BR7T Agent BafER, RBATUFaNARIEXA[E:

const memory = await agent.getMemory()

/] BEBXERALHES
const { messages: relevantMessages } = await memory!.recall({
threadId: 'thread-123',
vectorSearchString: 'EIZeHiHCIMmMEELIEBA",
threadConfig: {
semanticRecall: true,
b
3
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FRIEXAE
MRGEHRAEE (LLAEHIE. KINED), STUXALURFAMEE:

const agent = new Agent({
memory: new Memory({
options: {
semanticRecall: false, // XHIEXZ[
b
3,
3

PostgreSQL ZE5|{k{t
AMIREER, U EMERSIKEIRAST I ERE:

const memory = new Memory({
storage: new PgStore({ id: 'store', connectionString: process.env.DATABASE_URL }
vector: new PgVector({ id: 'vector',6 connectionString: process.env.DATABASE_URL
options: {
semanticRecall: {

topK: 5,

messageRange: 2,

indexConfig: {

type: 'hnsw', // HNSW EbERIABY IVFFlat MEEEEST
metric: 'dotproduct', // OpenAI ERAEZFAMATES
m: 16, /] W EFEEER
efConstruction: 64, // FAEEEYEIETIZRAK N
}'
}1
}’
3

5.7 id1Z4 3228 (Memory Processors)

HIREA Memory ZTRINEERY, Mastra £/ B2 N AV R ERH R

A& = pofelFedipp S EE SNBER ith P ER:
lastMessages MessageHistory MEFEEMBHEEE FALIERS
semanticRecall SemanticRecall mEERLEHER JFTHEIBERAN
workingMemory WorkingMemory MEITIEIRIZIRES —
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HITIRRE

HMINPER: [Memory Processors] » [fREY inputProcessors]
WHMEE: [{FAY outputProcessors] » [Memory Processors]

XEKE:

e I Guardrail (f53P12) 1EICIZMBZRIETT
o i Guardrail FTEICIZIRFZENETT —— R Guardrail @A abort() , HEARSWIFANL

FrhiEH

MNRIRFohAM T EANIEEZE] inputProcessors I outputProcessors , Mastra A=HEH
IAINEIZRAIESE, AIRTERAVITHIN:

import { MessageHistory, TokenLimiter } from '@mastra/core/processors’
import { LibSQLStore } from '@mastra/libsql'’

const customHistory = new MessageHistory({
storage: new LibSQLStore({ id: 'store',6 url: 'file:memory.db' }),
lastMessages: 20, // BENXRE 20 %

3

const agent = new Agent({
name: 'custom-agent',
instructions: 'You are a helpful assistant.',
model: 'openai/gpt-4.1',
memory: new Memory({
storage: new LibSQLStore({ id: 'store', url: 'file:memory.db' }),
lastMessages: 10, // XM=, EAIRFoHARINMT MessageHistory
3,
inputProcessors: [
customHistory, // R BEE XhRZS
new TokenLimiter({ limit: 4000 }), // Token PRHl2%
1,
B

5.8 iAikig1Z

£ Studio FFF/S tracing &, RAILUEREEIERIERT Agent SEFRER T HLEIRIZRE—F
HEEAEMENBEINER, X TFIEM Agent AT ATEHENRAEIEEGER,
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5.9 }#&#X vs Schema: E4A%X?

HE

HERU

EHMEX

KEze

smizinin]

RiEMN

ERTR

1R (Markdown)
S]zzpeN

Bt (28)

I

E2) 2 BN

= (AT ERSE)

RrRE&. £id

Schema (Zod)
25481k JSON

a3 (g=E)

=)

BEELRFE

B (% Schema £4R)

RE. Rif. SEiaEiz

PTABN: NRRFEEABTIRELFICIZHNEAEFE, A Schema; SIRIAZLL Agent
BHCOEE, ARIRMB T,

5.10 ZxEB /e

LlrA-Sid

HERE

M2

ENY:: B
REFHRINERIER M

EARKEXENEE
AR P E MR

RIEXRRAEER

e thread : JIHLZLIEFRIR

e resource : FAFP#RIR

e scope .

1IBIZHEALSEE (resource / thread)

KBECE
lastMessages
[&& Observer/Reflector

template I schema

REWHEE + BRNRE

T—ERHITREFES RAG (IBFRIGRER), 1t Agent BETFIRE S HEIBLE R EERNEZ,



F75E RAG =154 RX

6.1 RAG f#R{t 4 n)E
LLM BYRDIRE TN R SAGRPE |

1. ¥REE: JIGEEERIEREE, FTREEMAENE
2. BRZEB/MIA: FTRRATRIREE. =mFi. RiEE

RAG (Retrieval-Augmented Generation) RYSRERREE: FTMIRHBIERPIETRXER, AR
B RERIEN L TXXES LM, L EEFRHIHIBEREZ.

Mastra Y RAG Rt 7T B T AR EAE - mEl - 7 - 1%,

6.2 RAG Zige

Xt > 93R(Chunk) » AEK(Embed) » 7Ff&E(Store) » ZiH(Query)

BRSPS RE:

NESE (XA, PDF. WDi%)
BN E/MR (chunking)
RBRANREEE MR EE
FEANBEHIERE

TigeY, A REbEEL
R RABIABY S AL R
EXLERIEN ETXELS LLM

NS 00 FwWN R
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6.3 I IE

BIEESCHY
import { MDocument } from '@mastra/rag’

/] MXZBlE
const doc = MDocument.fromText(®
Mastra @— TypeScript AI EZ ...
©XiF Agent. Workflow. Tools FHEZDLINEE ...
Y)
// BRI M E &I eliE

// MDocument.fromPDF( ... )
// MDocument.fromHTML( ... )

IR

const chunks = await doc.chunk({
strategy: 'recursive', // BE[AHHR (EEF)

size: 512, /] BTMRIEK token ¥
overlap: 50, // MHFIRZBEEER token ¥4
3

AATFESR? AN

o MANREBERMAKERS
o BUNHUIREEIR M EABIHAVINERLS
o EE (overlap) HRFZERUFUAEREEZLTX

SRR
SRR iR
recursive BN E, RERFNENTE
sliding-window EE & B
token ¥ token |
markdown ¥ Markdown 1R/ EESE D E|
html Z HTML AR5 &
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FSHRITHIIRAY token KE
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i
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6.4 MEZf (Embedding)

import { embedMany } from 'ai'
import { ModelRouterEmbeddingModel } from '@mastra/core/llm'

const { embeddings } = await embedMany({

values: chunks.map(chunk = chunk.text),

model: new ModelRouterEmbeddingModel('openai/text-embedding-3-small'),
3

ERNRELEEEIN
e text-embedding-3-small : MMtbE&E, EaXZEHTI=
A
I:l

e text-embedding-3-large : HHEFE, EEaXREEXRLSHNITSE

o WERIRIIE: HEI. MRE. MBR=T1ER

6.5 ME{EE
Mastra X35 Z M mEEHIEE

// PostgreSQL + pgvector
import { PgVector } from '@mastra/pg’
const pgVector = new PgVector({
id: 'pg-vector',
connectionString: process.env.POSTGRES_CONNECTION_STRING,
B

// FEANRE

await pgVector.upsert({
indexName: 'my-embeddings',
vectors: embeddings,

D)

TR ERERE:

PgVector: PostgreSQL ¥ &, &G EH PG £tz
Pinecone: £HEMEHIERE, E5AMER=
Qdrant: S4REAIRAEHIEE

MongoDB Atlas: MongoDB NERZIEZE
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Pinecone

import { PineconeVector } from '@mastra/pinecone’

const pinecone = new PineconeVector({
id: 'pinecone-store',
apiKey: process.env.PINECONE_API_KEY!,
3

/] BIEZ5]

await pinecone.createIndex({
indexName: 'my-docs',
dimension: 1536, // WSER NIRELEE—5
metric: 'cosine',

P

// FEANRE
await pinecone.upsert({
indexName: 'my-docs',
vectors: embeddings,
metadata: chunks.map(c = ({ text: c.text, source: 'tutorial.md' })),

})

// B (ZHF namespace [FE)
const results = await pinecone.query({
indexName: 'my-docs',
queryVector: queryEmbedding,
topK: 5,
namespace: 'production', // W& @R TERE

)
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Qdrant

import { QdrantVector } from '@mastra/qdrant'’

const qdrant = new QdrantVector({

url: 'http://localhost:6333', // Qdrant SEffithit

apiKey: process.env.QDRANT_API_KEY, // =hiEE

https: false, /] EMFLFR false
3

await gdrant.createIndex({
indexName: 'my-docs',
dimension: 1536,
metric: 'cosine',

)

await gdrant.upsert({

indexName: 'my-docs',

vectors: embeddings,

metadata: chunks.map(c = ({ text: c.text })),
3

const results = await qdrant.query({
indexName: 'my-docs',
queryVector: queryEmbedding,

topK: 5,
filter: { source: 'tutorial.md' }, // TEUEIIE
3)
MongoDB Atlas

AR WIER MongoDB Atlas $EERkSS, Zsith MongoDB A3 HRER R,
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import { MongoDBVector } from '@mastra/mongodb'’

const mongoVector = new MongoDBVector({
id: 'mongodb-vector',
uri: process.env.MONGODB_URI!,
dbName: process.env.MONGODB_DATABASE!,
)

await mongoVector.createIndex({
indexName: 'my-docs',
dimension: 1536,
metric: 'cosine',

P

await mongoVector.upsert({

indexName: 'my-docs',

vectors: embeddings,

metadata: chunks.map(c = ({ text: c.text })),
3)

const results = await mongoVector.query({
indexName: 'my-docs',
queryVector: queryEmbedding,
topK: 5,
minScore: 0.7, // =IFEUEEHE
})

// FASTicigdrFriEs
await mongoVector.disconnect()

REFEEHSE

mEREE BELR HE

PgVector BE/= PG &E&EMK

Pinecone 2RE Namespace. Hybrid Search
Qdrant BE/= fiRME. Payload &3]
MongoDB Atlas & Nl S EE R R

267/ 295

SRR

B8 PostgreSQL FYINE
KAUE, Tic4iae
=IERER K

2 F MongoDB B9 B



6.6 ifIRE

// 1. {BAFRERARE

import { embed } from 'ai'

const { embedding: queryVector } = await embed({

value: 'ftf4R Mastra BIIT{ER? '

model: new ModelRouterEmbeddingModel('openai/text-embedding-3-small'),
})

/] 2. EREFEESERRABIAAIIR
const results = await pgVector.query({

indexName: 'my-embeddings',

queryVector,
topK: 3, // REIEEME 3 TR
B

console.log('ILECAISCAEIR: ', results)

6.7 5e2& RAG 5
ETEN T B RER:
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import { MDocument } from '@mastra/rag’

import { embedMany, embed } from 'ai'

import { PgVector } from '@mastra/pg’

import { ModelRouterEmbeddingModel } from '@mastra/core/llm'
import { Agent } from '@mastra/core/agent’

import { createTool } from '@mastra/core/tools'

import { z } from 'zod'

//
/] 1. Bk REIXHE
//

const doc = MDocument.fromText('fREIXERE ... ')
const chunks = await doc.chunk({ strategy: 'recursive', size: 512, overlap: 50 })

const embeddingModel = new ModelRouterEmbeddingModel('openai/text—embedding-3-smal
const { embeddings } = await embedMany({

values: chunks.map(c = c.text),

model: embeddingModel,
)

const pgVector = new PgVector({

id: 'pg-vector',

connectionString: process.env.POSTGRES_CONNECTION_STRING,
3

await pgVector.upsert({ indexName: 'docs', vectors: embeddings })

//
// 2. 1E%: €l RAG TR
//

const ragTool = createTool({
id: 'search-docs',
description: 'MANRERERMEIH",
inputSchema: z.object({
query: z.string().describe('{##&E&EIN"),
3,
outputSchema: z.object({
results: z.array(z.string()),
3,
execute: async ({ query }) = {
const { embedding } = await embed({
value: query,
model: embeddinglModel,
3
const results = await pgVector.query({
indexName: 'docs',
queryVector: embedding,
topK: 3,
3
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return {
results: results.map(r = r.text),

}
H
)

//
// 3. BI# RAG Agent
//

const ragAgent = new Agent({

id: 'rag-agent',

name: 'Knowledge Agent',

instructions:
R2— N ERLRERF
LEPIRINA, %&fEB search-docs T EEFEMEXRMY,
AEETIEREREIE AR,
MRERLERPEGEEXER, MEEHMAF
FERFEEFTRRERPHER,

AY
1

model: 'openai/gpt-u4.1',
tools: { ragTool },
3

6.8 RAG L{LEN
BEFILRELW, LN REBRER:

PREE

o RKRIN. KRKNERREH, X/NMEKXKLETX, 512 token @ NMFES
o FEE: 50-100 token WEE R LUBRITIRORELRXEEE
o FTEUE: BB MRMMTEYE REXH. 1. BEY), AEDIE

ERRE

o topK REXK: REXZERSHEEXY, 3-5 BEBEH
e hybrid search: ZEEXBIRAERNMELR, WREHF
e re-ranking: TRERZINER, BRREENRHR

ATz
o PAMEIRF Agent "REFHRERL ROIE"
e it Agent EERHITEEERKIR
o HIF Agent MR AHNERZRR FHE", MAERE
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6.9 8B

7 5 t] Mastra TH HieA

SN MDocument SIFXAS. PDF FER

VAo doc.chunk() recursive. sliding-window 5B
A2k embedMany() / embed() T AR B B S i SR S
EA) PgVector / Pinecone %% ZimEHIERE

ER vector.query() topK 1B EEIS

BZOIEE: RAG R2—NMHIIINEE, T2 Agent + Tool + Vector DB A SFERIER, REIE—
MERMIRENTE, 4EE Agent £, Agent FEEE T ETIRE S HUIREEIZ RIAAIEEST,

T—ERNTKFNEZEES, ik Agent BEIR R,
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7.1 R

Mastra Agent BJ LA#RMIR FiE S 6E/J—BERE"R" (TTS, Text-to-Speech), gE"OR" (STT,
Speech-to-Text) , EEZIFLINEZFIIE (Speech-to-Speech),

BRENHRENVA:

7.2 ZIFEUIE

et

OpenAl

OpenAl Realtime
ElevenLabs
PlayAl

Google
Deepgram
Azure

Cloudflare

S
12k

@mastra/voice-openai
@mastra/voice—openai-realtime
@mastra/voice-elevenlabs
@mastra/voice-playai
@mastra/voice-google
@mastra/voice—deepgram
@mastra/voice-azure

@mastra/voice-cloudflare

2721295
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73 BAAZ%: 2—iR I

import { Agent } from '@mastra/core/agent’
import { OpenAIVoice } from '@mastra/voice-—openai'’

const voice = new OpenAIVoice()

export const voiceAgent = new Agent({
id: 'voice-agent',
name: 'Voice Agent',
instructions: '"fRE—MEBEIEINEF. ',
model: 'openai/gpt-u4.1',
voice, // HEIBZIRMHE

)

XFi5iEE (TT9)

import { createWriteStream } from 'fs'
import path from 'path'

// EREER
const audio = await voiceAgent.voice.speak('{F¥F, HEIRH AL BHF! ')

!/ REREIXX
const filePath = path.join(process.cwd(), 'output.mp3')
const writer = createWriteStream(filePath)
audio.pipe(writer)
await new Promise((resolve, reject) = {
writer.on('finish', resolve)
writer.on('error', reject)

)

BEEEXF (STT)

import { createReadStream } from 'fs'
import path from 'path'

const audioFilePath = path.join(process.cwd(), 'input.mda')
const audioStream = createReadStream(audioFilePath)

const transcription = await voiceAgent.voice.listen(audioStream, {
filetype: 'mda',
})

console.log('#¥E4R: ', transcription)
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4 BREIREE: CompositeVoice

KRRIEH, REJERAARER

FB ElevenLabs fiES &K (x‘i%@ﬁ, A)

import { CompositeVoice } from '@mastra/core/voice’
import { OpenAIVoice } from '@mastra/voice-openai'’
import { PlayAIVoice } from '@mastra/voice-playai'’

const agent = new Agent({
id: 'hybrid-voice-agent',
name: 'Hybrid Voice Agent',

instructions: 'fRE— 1MW EIEZEIF, !

model: 'openai/gpt-4.1',

voice: new CompositeVoice({
input: new OpenAIVoice(),
output: new PlayAIVoice(),

3,
)

WA LS Al SDK 127558

// STT A OpenAI
// TTS F PlayAI

import { CompositeVoice } from '@mastra/core/voice’
import { openai } from '@ai-sdk/openai’
import { elevenlabs } from '@ai-sdk/elevenlabs'

const voice = new CompositeVoice({

input: openai.transcription('whisper-1'),
output: elevenlabs.speech('eleven_turbo_v2'),

D)

// AI SDK STT
// AI SDK TTS

7.5 SEEHES
RIEMIRE—8

& (Speech-to-Speech)

1T WebSocket SEIRSERS N EIEE R E :

2741 295
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import { Agent } from '@mastra/core/agent’
import { getMicrophoneStream } from '@mastra/node-audio’
import { OpenAIRealtimeVoice } from '@mastra/voice-openai-realtime'’

const voice = new OpenAIRealtimeVoice({
apiKey: process.env.0OPENAI_API_KEY,
model: 'gpt-5.1-realtime’,
speaker: 'alloy',6 // BH&IEE

B

const agent = new Agent({
id: 'realtime-agent',
name: 'Realtime Agent',
instructions: 'fRE—1EEZEBIF, ',
model: 'openai/gpt-u4.1',
tools: { searchTool, calculateTool }, // TEWSZHESZRER
voice,

)

// 3L WebSocket &%
await agent.voice.connect()

/] FHIExIE
agent.voice.speak("{R4F, AR UAEERRI? ")

/] EBRETR AN
const microphoneStream = getMicrophoneStream()
agent.voice.send(microphoneStream)

/] EIRE4
agent.voice.on('speaking', ({ audio }) = {

// audio & ReadableStream I Intl6Array, ERE
3

agent.voice.on('writing', ({ text, role }) = {
console.log(‘${role}: ${text}")

3)

agent.voice.on('error', (error) = {
console.error('iEHEEIR: ', error)

B

/] ERXIE

agent.voice.close()

7.6 STETHI: W Agent IFBEXRE

— PN EBEIHIF— D Agent Z[EIRVIEE W 1E:
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import { Agent } from '@mastra/core/agent’

import { CompositeVoice } from '@mastra/core/voice’
import { OpenAIVoice } from '@mastra/voice-openai'’
import { Mastra } from '@mastra/core'’

// Agent A: iEaE
const questionAgent = new Agent({
id: 'questioner',
name: 'Questioner',
model: 'openai/gpt-4.1',
instructions: 'fREJIRHBEBHEF R, ',
voice: new CompositeVoice({
input: new OpenAIVoice(),
output: new OpenAIVoice(),
3,
3

// Agent B: EIZE
const answerAgent = new Agent({
id: 'answerer',
name: 'Answerer',
instructions: 'fFAEERZNAXEELZF &, ',
model: 'openai/gpt-4.1',
voice: new OpenAIVoice(),

)

const mastra = new Mastra({
agents: { questionAgent, answerAgent },

P

/] FERIE
const questioner = mastra.getAgent('questionAgent')
const answerer = mastra.getAgent('answerer')

// 1. Agent A EEIRIA
const questionAudio = await questioner.voice.speak('# ®MENZEMHA? ')
await saveToFile(questionAudio, 'question.mp3')

// 2. Agent B IREXHHET
const questionText = await answerer.voice.listen(
createReadStream('question.mp3')

// 3. Agent B £mEI%E

const answer = await answerer.generate(questionText)
// 4. Agent B iHH[EIZE

const answerAudio = await answerer.voice.speak(answer.text)
await saveToFile(answerAudio, 'answer.mp3')

276/ 295



7.7 F2BRR AR IN

1. IR : SERIHEIIERENE, AR RERAR MR

2. BE%ER: TRyEATEEE, BRAERMN, BIRAEEUH

3. $EIRAIE: BERA S EAMKRAAPRT, SHNNEF error R IE

4, RRASEER: TTS BFERFITE, STTHRANKITEH, £-HEIEKIERE
5. P HF: HIEFBIRMEE NP —1FeF, KRR EE

7.8 BmENE

=X Bk ERTR

TTS agent.voice.speak() BEBIR. BERAE
STT agent.voice.listen() BERA. SNFEE
SM:RPORFE] OpenAIRealtimeVoice EBEBF. BIEEMR
BEEN CompositeVoice pab VR EA TN L T

BUIRE: 1BEEENAFBIMIIINEE, M2 Agent I—1E M. FE—1 Agent B Tools.
Instructions. Memory TEIBE IR FEIFE Ko

T—ERNEZIHES TR, X2k Al MAMREEEFRIXE,
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FN\E G5 UNE

8.1 AT AFEIT(L?

Al NRRAMBEZ—: FHBEM. B—1 Prompt, REIFEIEIEES=EARLER, NAFRER
=? FiTE (Evals)o

Mastra RYIHERFEB R MLOTR !

1. A&RMEE: ATLIETEE Agent BHEE, AL Prompt AIER
2. MR W DRERFITE, LT Agent R

8.2 L EA#E

Scorers (3453 2%)
Foes P bER/NETT, 45 Agent BIHIHFTS3. Mastra AE 7T FEHKFIBNT 523

@mastra/evals

F— X&REX

| |— ContentSimilarityScorer # WARME

| — CompletenessScorer # TR

| F— ToneConsistencyScorer  # iBS—Ei%

| L— TextualDifferenceScorer # XZA&ES
— #92%5 NLT %

| | ClassificationScorer # DEERE

| L— EntailmentScorer # WEXR
— Prompt T#2%

| F— PromptAlignmentScorer # Prompt XFFE
| |— HallucinationScorer # LI5EH

| |— FaithfulnessScorer # BLE

| |— ContextRelevancyScorer # ETXH8%%
| | ContextPrecisionScorer # LT XIEHIE
| |— ContextPositionScorer  # LTXfi&

| — AnswerRelevancyScorer — # ZZREMEXM

| F— SummarizationScorer # HERE

| L— BiasScorer # R

L— BEX
L— {RE] LB S5 R it
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RIS

£l oLz
Live Evals Fek EimE BT S
Trace Evals IFFAE Trace Ht 211G

8.3 EARNE TS5 88

Tl REMBPAEIT(L

B, ENI

import { ContentSimilarityScorer } from '@mastra/evals/nlp’

// NLP ZEFEDEAEE LLM, Kii+E

const scorer = new ContentSimilarityScorer()

const result = await scorer.score({
input: 'EBENBEFITE',

output: 'EFITEFBAEFHFENSMALUERIEHITEELIE"
expectedOutput: 'Z2FIHEREFEFHFRENITESER, FESNSMEFLUE",

)

console.log(result)
Y/

//  score: 0.85,
//  info: { ... }
/%
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o5 5
import { HallucinationScorer } from '@mastra/evals/llm'

// LLM FEHBREEENER

const scorer = new HallucinationScorer({
model: 'openai/gpt-4.1',

i)

const result = await scorer.score({
input: "EABATHEIE? ',
output: 'NE[ALLK-RECHE - DI/RTE 1876 FREATHIE, ',
context: [
"EHWK- B - NI/RF 1876 FIRIERIFEF]",
"TRHEFAE=ETE",
1,
3)

console.log(result.score)

// 0.0 (DEEREL, 0 RRRELIR)

8.4 BHENH5 2%
{REILUBE 48 Scorer GIiEHCHIERDIZLE:
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import { Scorer } from '@mastra/core/eval’

interface ResponseLengthInput {
output: string
minLength?: number
maxLength?: number

}

class ResponselLengthScorer extends Scorer<ResponseLengthInput> {
name = 'response-length'

async score(input: ResponseLengthInput) {
const { output, minLength = 50, maxLength = 500 } = input
const length = output.length

let score: number
if (length < minLength) {

score = length / minLength // &Xi3, #ZLb{ElH0%
} else if (length > maxLength) {

score = maxLength / length // &I, #ZLbfliN%
} else {

score = 1.0 // KE&IE

return {

score,

info: {
length,
minLength,
maxLength,
status: length < minLength ? 'too-short'

: length > maxLength ? 'too-long'
'ok',

8.5 Live Evals (SEBJiE(d)
EEF Agent EETD2E, ILPRBERMEREEIT(G:
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import { Agent } from '@mastra/core/agent’
import { ContentSimilarityScorer } from '@mastra/evals/nlp'
import { HallucinationScorer } from '@mastra/evals/llm'

const agent = new Agent({

id: 'customer-service',

name: 'Customer Service Agent',

instructions: "{FERXEAMRENF, RIBRIRERZERFRIZ, ',

model: 'openai/gpt-u4.1',

evals: {

scorers: [

new ContentSimilarityScorer(),
new HallucinationScorer({ model: 'openai/gpt-u4.l-mini' }),

1,
sampling: {
rate: 0.1, // RHEXE 10% (£7H)
5
b
B

TMEERS B ohiFE, FHEE Mastra Studio EE,

FIFERBRERIN

23] REEE A

AW 3 1.0 28iHE, FHMWiR
L] 0.5 F8, R
e 0.05-0.1 RKAF, $THlpZA

8.6 Trace Evals (GB#iF(L)

MNEANETIERHTHEITE, & A/B WiHAMEID !
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import { Mastra } from '@mastra/core'’
import { ContentSimilarityScorer } from '@mastra/evals/nlp'

const mastra = new Mastra({
agents: { myAgent },
D)

// 3REBX Agent 3:ffl
const agent = mastra.getAgent('myAgent')

// FRBUASE Traces
const traces = await agent.getTraces({ limit: 100 })

/] HEITFE
const scorer = new ContentSimilarityScorer()
for (const trace of traces) {
const result = await scorer.score({
input: trace.input,
output: trace.output,
B

console.log('Trace ${trace.id}: score = ${result.score}')

}

8.7 AI M4 (Observability)

THESIFIREREFARE, AIWWNESIFFIREAET HAS

Tracing (GBEF)

Mastra £F OpenTelemetry 1A, BEIIER Agent/Workflow/Tool BYHITEFE:

import { Mastra } from '@mastra/core'’
import { Observability, DefaultExporter, SensitiveDataFilter } from '@mastra/obser

export const mastra = new Mastra({
agents: { myAgent },
observability: new Observability({
exporter: new DefaultExporter({
// EHARA, BWHEEE S
type: 'console',
3,
filter: new SensitiveDataFilter({
enabled: true,
// BohidEHRESE (API keys, ZHHIZE)
3,
1),
3
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Rt EISMEF S

import { Observability, DefaultExporter } from '@mastra/observability'

// WHE OTLP imm (Z¥F Jaeger. Grafana Tempo F)
const observability = new Observability({
exporter: new DefaultExporter({
type: 'otlp',
endpoint: 'http://localhost:u4318/vl/traces’,
3,
3

// ZXF CloudExporter #itHZ Mastra Cloud
import { CloudExporter } from '@mastra/observability'

const observability = new Observability({
exporter: new CloudExporter({
apiKey: process.env.MASTRA_CLOUD_API_KEY,

MLflow
Langfuse

Braintrust

3,

B

SRR RS
T L EmHN
Mastra Studio FHFEENA
Mastra Cloud CloudExporter
Jaeger OTLP
Grafana Tempo OTLP

E F exporter
% FH exporter

% F exporter

Trace BEMER

—NERIRY Agent T8 Trace 25
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Agent.generate() [1200ms]
— LM call [806ms]
| |— Model: openai/gpt-u.1

F—— Tokens: prompt=120, completion=85

Tool: searchKnowledgeBase [3560ms]
F— Input: { query: "BSER" }

L— Output: { results: [...] }

LLM Call (with tool results) [600ms]
— Model: openai/gpt-u.1

F—— Tokens: prompt=280, completion=150
L— Cost: $0.0028

L— Final Response

L— Text: "IRIBHNIABLHIEEE ... "

8.8 HERS

Mastra fEFLEMYEE:

import { Mastra, createlLogger } from '@mastra/core'’

const mastra = new Mastra({
agents: { myAgent 1},
logger: createlLogger({
name: 'my-app',
level: 'info', // 'debug' | 'info' | 'warn' 'error'
1),
3)

8.9 f£ Mastra Studio P&EEF
Mastra Studio {2t T EMIAY Ul REBIT(HLERF Trace:

e Evals TiH: EERXIF92IFESDHE. Fiyn. BEH
o Traces TH: EET MERNTENITHEL, S5 K. Token BE. THIAH
e Agent TIH: THXAEDEZEIITEER

Bzh Studio:

npx mastra dev
# NS28FTF http://localhost:u111
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8.10 FKHVEIN

1. MEBATESF 288 FF4: ContentSimilarity A1 Responselength R &A 57 IEfEFSSHERY

2. LI5S MR RIRFEERMEIZ (RAG), HallucinationScorer WiZESHE—1 L
9T 28

3. FESEFE: 8MEPOSMERE (LM EFRBLHE), %R 3-5 MREEW

4. BIRLZ: ER—WITEEIIELSEN, BHAKAESR

5. AR B RNER . £EF-IMERIAR, W, Trace BIRME—RIEIXFE

8.11 xE/V&E

TR R
— #4528 (Scorers)
| | REB: XERE. O5ERN. ETFXHEXES
| L— BENX: #& Scorer %
F— sER¥fL (Live Evals)
|  — 45%3 Agent
| L ERERET
— B#i¥fL (Trace Evals)
| L #EBEFEHEIER
L— TN (Observability)
F— B35 Tracing (OpenTelemetry #7/f)
I— zFaHt
L— SUREUETR

T—EBRITEESIUWAE Mastra N FASE R E =15,
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FhE BESEFLix

9.1 iB1THISZHF

Mastra X#F%H JavaScript iB1THY:

BITRS RAEhRA EA

Nodejs v22.13.0 EAFXEXRE

Bun EHThR TERE

Deno EHTHR FE

Cloudflare Workers — BRINEERIR (XX HFHSR)

Node,js 22 FIEKAJEEILEB D AEIb. [RER Mastra T Nodejs 22 5| \NBI—LERE
APl (3NSEIFHY fetch 2#F. structuredClone £5), HRZPEINIEHEMRAER,

9.2 Mastra Server

mastra build =BE{RBY Mastra ZFRIFAN—NIHILAY HTTP ARSS2: .

iz

npx mastra build

HEEFYE .mastra/ BRT, Hith— Hono HEZREY HTTP ARSS.
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BEhERR API in R

i £

/api/agents/:agentId/generate
/api/agents/:agentId/stream
/api/agents/:agentId/instructions
/api/workflows/:workflowId/start
/api/workflows/:workflowId/resume
/api/tools/:toolId/execute

/api/memory/threads

BEhARSS

node .mastra/output/index.mjs
# BIAEIAIRO 4111
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B X el

// src/mastra/index.ts
import { Mastra } from '@mastra/core'’

export const mastra = new Mastra({
agents: { myAgent 1},

server: {
middleware: [
{

handler: async (c, next) = {
// BRENGANIEZEE

const token = c.req.header('Authorization')

if (!token || !isValidToken(token)) {
return c.json({ error: 'Unauthorized' }, u401)
}
await next()
b
},
1,
cors: {

origin: ['https://myapp.com'],
methods: ['GET', 'POST'],
b
b
B

9.3 AR Mastra Server

WNRIRAAEF Mastra B 87 Server, BB Agent/Workflow 243EZi@HY TypeScript XMREH, &
R EIEAIHELR

Next.js App Router

// app/api/chat/route.ts
import { myAgent } from '@/mastra/agents’

export async function POST(request: Request) {
const { message, threadId } = await request.json()

const stream = await myAgent.stream(message, {
threadId,
resourceld: 'user-123',

)

return stream.toTextStreamResponse()

}
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Express

import express from 'express'
import { myAgent } from './mastra/agents'’

const app = express()
app.use(express.json())

app.post('/chat', async (req, res) = {
const { message } = req.body
const result = await myAgent.generate(message)
res.json({ reply: result.text })

)

app.listen(3000)

Astro

// src/pages/api/chat.ts
import type { APIRoute } from 'astro'
import { myAgent } from '../../mastra/agents’

export const POST: APIRoute = async ({ request }) = {
const { message } = await request.json()
const result = await myAgent.generate(message)
return new Response(JSON.stringify({ reply: result.text }), {

headers: { 'Content-Type': 'application/json' },
1)

9.4 ZEREPE

Vercel

// mastra.config.ts
import { MastraDeployer } from '@mastra/deployer-vercel’

export default {
deployer: new MastraDeployer({
// Vercel HEAE
scope: 'my-team',
3,
3
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npx mastra deploy

Cloudflare Workers

import { MastraDeployer } from '@mastra/deployer-cloudflare'’

export default {
deployer: new MastraDeployer({
workerName: 'my-mastra-agent',

3,
3

Cloudflare PRE: Workers RXEFFXMHRFIRIE, LRI fs BITHEE (ANAMSIAHEY RAG
20I2) RETH. WEHMHERE (128MB), KE! RAG Z5|HEIMNBENE,

Netlify

import { MastraDeployer } from '@mastra/deployer-netlify'

export default {
deployer: new MastraDeployer({
scope: 'my-team',
3,
}

npx mastra deploy

Mastra Cloud (Beta)
Mastra B AT ERS, —#EE, TLEESIEEMISH:

import { CloudExporter } from '@mastra/observability'

// 7E Mastra EfIHEE Cloud
const mastra = new Mastra({
agents: { myAgent },
observability: new Observability({
exporter: new CloudExporter({
apiKey: process.env.MASTRA_CLOUD_API_KEY,
3,
3,
3
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ZRZE F| Mastra Cloud:

npx mastra deploy --cloud

Mastra Cloud 12EFFSEPERY Studio Ul. Traces Y4¥%E. Evals (NREZBIM B 8. HaihF
Beta fER, E&IRIRIIEM/ AR 4%,

Docker BHE

FROM node:22-slim
WORKDIR /app

# EHIESY)

COPY .mastra/ .mastra/

COPY package.json package-lock.json ./
RUN npm ci --production

EXPOSE 4111

CMD ["node", ".mastra/output/index.mjs"]

docker build -t my-mastra-app .
docker run -p 4111:4111 \
—-e OPENAI_API_KEY=your-key \
my-mastra-app

9.5 Workflow Runner: Inngest

KAYE)ETTH Workflow (2% suspend/resume B9) FEESMEF Runner:

import { Mastra } from '@mastra/core'’
import { InngestWorkflowRunner } from '@mastra/inngest’

const mastra = new Mastra({
agents: { myAgent },
workflows: { approvalWorkflow },
workflowRunner: new InngestWorkflowRunner({
inngestId: 'my-app',
url: process.env.INNGEST_URL,
3,
3
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Inngest B— N EHEKRIFEESIESR, [FAliEELIE Mastra Workflow FRY
suspend/resume, EBEMIEEIR. B FHAIEHIZF,

9.6 IR E R {EILEE

HREEEE

# .env (FFERIFIR)

OPENAI_API_KEY=sk—-xxx
DATABASE_URL=postgresql://localhost:5432/mastra
MASTRA_LOG_LEVEL=debug

# .env.production (%7=¥FiR)
OPENAI_API_KEY=sk-xxx-prod
DATABASE_URL=postgresql://prod-host:5432/mastra
MASTRA_LOG_LEVEL=warn

1R EIPR AR SRR
import { Agent } from '@mastra/core/agent’

/] EFERERAERERNRERE

const model = process.env.NODE_ENV == 'production'
? 'openai/gpt-u.1' /] ErEREAEER
: 'openai/gpt-ud.1l-mini' // FEFE/NERIEE

export const myAgent = new Agent({
id: 'my-agent',
name: 'My Agent',
instructions: 'fRE—TBIF. ',
model,

)

9.7 £=5

FEL&ZR), WRXMERNE:

£73

o API ZIFBIMRTEEIE, RNEAEHEHRLD
e | Mastra Server FF/E@ T SR IIE il

o CORSECETERMKEHZ, I *
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o BUEEIEDIE (Observability B9 SensitiveDataFilter) BFF/E
e | Agent Instructions 7 Prompt ;E N5

CIE
o | BUEREEIEECE T IERM
o | SMER AP AREBRMEIRH
e Workflow fKfESER T Inngest & Runner
o | HIRAMEEERT XERRF

R ALE
e | Observability EEcEHBEHESIEF S
o | XBE Agent 4BZE T Live Evals
o  HBERFIEA warn F info

o IGET Token AEMMAEE

o | =4 Agent ZFET MINMA (stream)

e RAG MER3IBELEMNER

o B MCP TAYIRMIESNSNE

o  IEERTHREMNIRE (FEFMBESEEZEMEE)

9.8 R sl
Al NEMFERARZE LLM 88, JINERAEIN:

1. DERIER: HERFESH gpt-4.1-nano , EZFHIER gpt-4.1
2. 4817 MHREMANERAIUET (1552 RAG &if)

3. Prompt ¥&f&: Instructions #58, SRIAMBHY Token FF /N
4. RV E£FFER Evals REEFIEHITE 5-10%

5. ¥54%F Token: i&@i¥ Observability 458 Agent B9 Token FAE
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9.9 AR E /NG

ERE kI
— Mastra Server
— mastra build » HTTP fRS3
F— BEEM API =
L— Z¥FrhialfF. CORS
NEZRERFK
Next.js / Express / Astro / fEEHEZ
gent/Workflow HEBEIRER

ercel / Netlify (Deployer)
loudflare Workers (GPFR#&!)
ocker BHtE

e S 55

— HRTEEE

T T

[TT
Bon<Ds>

— AT
L— i)

RE, (FEAR5EM T Mastra lEZENARZFS)! [0]F| README EEREB R,
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