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1. Introduction
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2. Challenges

Hallucinations and Inconsistency,
especially generations with long context.



3. Standard Operating Procedure (SOP)

D MetaGPT

{6:4S

I've finished the
code testing,
project's done.
Great!

Design a
Snake Game.

We have a /]

We need to quickly get

the PRD done, and new task!
clear on functions for -
the architect. w ey

Our engineers need
the module design, we
I've almost finished the must finish it today!

system design. This
should be clear for the
project manager.




4 .
MetaGPT Agents Collaboration with Developing SOP Human interaction
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St
A~
<§ — Boss makes acceptance
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% 1 directly use the
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c, 1 — keyboard to play
0/% \ S, : 4/5 Flappy Bird.
’20 . 1 Test
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d)O& . QA Engineer ¥V
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Inspired by this, SOP has been implemented in MetaGPT to improve collaboration.
Each agent, from Product Managers to QA Engineers, plays a specific role, contributing
distinct elements to the project. This approach allows MetaGPT to deconstruct complex
tasks into simpler actions, promoting a smooth and collaborative workflow across all
stages in the development.



5. Use Case

"""Run a startup. Be a boss.""™"
from metagpt.roles import ProductManager, Architect, ProjectManager, Engineer, QaEngineer
from metagpt.team import Team

company = Team()
company.hire([ProductManager(), Architect(), ProjectManager()])

if implement or code_review:
company.hire([Engineer(n_borg=5, use_code_review=code_review)])

if run_tests:
company.hire([QaEngineer])

company.invest(investment)
company.run_project(idea, project_name=project_name)
asyncio.run(company.run(n_round=n_round))



6. Agent Collaboration in Software Development (a)

SoftwareCompany

+Investment
+|ldea
+Environment

Fo

ProjectManager
Architect J g Engifieer
ProductManager . , +WriteTasks £ QA
Boss +WriteDesign : ;
' ) X +AssignTask +WriteCode )
. +WritePRD +ReviseDesign . . +WriteTests
+BossRequirement ) ) +ReviewPRD +ReviewCode
+RevisePRD +ReviewPRD : . +RunTests
) +ReviewDesign +DebugCode
+ReviewCode .
+ReviewCode




7. Agent Collaboration in Software Development (b)

/.. Make the 2048 sliding tile
‘¢ number puzzle game

E=m S

2 Architect
&
Think: For this project, we will use Pygame, an open-source library
designed for making video games with Python.
O Program call flow

Action:WriteDesign

Game

vint score
+int high_score
st board
“bool game_over
“start()
+moveldirection: str)
scheck_game_over() : bool

1 resetl) )

displays nteracts

cul

Database
+draw_board(board: list)
+draw_score(score: int)
+draw_high_score(high_score: int)
+draw_game_over()

+get_high_score() : int
+update_high_score(new_high_score: int)

## File list

"o,

["main.py", "game.py","gui.py", "database.py",
"test_game.py", "test_gui.py","test_database.py"]

Anything
Unclear 7

Anything|
Unclear 7

J

Engineer
Think: For this project, we will use Pygame, an open-source library
designed for making video games with Python.

## Code: game.py
##t game.py
import random

class Game:

def __init__(self, size=4):
self.size = size
self.score = 0
self.high_score = 0
self.board = [[0]*size for _ in range(size)]
self.game_over = False
self.start()

def start(self):
""Starts the game by adding two numbers to the boar:
self.add_new_tile()

Action:WriteCode

—

Anything
Unclear 7

o

@ main.py @ game.py 2 oui.py [Raything
) Unclear 7
@ database.py @ test_game.py @ ftest_gui.py
Human direct interaction for gameplay. B 8 4 2
2 4

QMetaGPT
Product Manager Action:WritePRD
Think: The boss requires the creation of 2048 sliding title number puzzzle
game.
## Product Goals

"Create a web-based 2048 game that is easy to play"
Incorporate features that enhance user engagement and retention

## User Stories

"As a user, I want to easily understand how to play the game so that I can start playing immediately",

"As a user, [ want the game to be engaging so that I can play it for a long time"...

## Competitive Analysis 2 Competitive Quadrant Chart
Reach and engagement of campaigns

Need to promote We should expand

2048 by Gabriele Cirulli: The
original 2048 game, simple and

easy... g A S
2048 by Ketchapp: Offers a = et 200y Sy improved
variety of game modes... wasthnm
2048 by Androbaby: Has a clean E T
interface and high score tracking... &

§ Low Reach High Reach

## Requirement Analysis

The product should be a 2048 sliding tile number puzzle game which is user-friendly.

## Requirement Pool

"Develop a simple and intuitive user interface", "P0",
"Implement engaging gameplay mechanics", "P0".

Project Manager Action:WriteTasks

Think: List out the task list that meets the requirements and design.
## Shared Knowledge

'game.py' contains the 'Game' class, which includes the game logic...

## Task List

"o

["main.py", "game.py", "gui.py", "database.py"]
## Logic Analysis

"main.py", "Contains the main game loop and handles user input."
"game.py", "Implements the game logic, including the score, and game over condition."

s’; QA Engineer Action:WriteCodeReview
»
Think:For this project, we will use Pygame, an open-source library

designed for making video games with Python.

## Code quality review @ test_gui.py

Specialization of Roles

* Role Playing Mechanism

+ Each agent in MetaGPT is designed with a specific role and
set of responsibilities, allowing for a division of labor that
mirrors real-world software development teams.

+ Additionally, each agent is initialized with specific context and
skills, such as web search, diagram design, etc.

% React-Style Mechanism

+ Each agent follows react-style behaviors. We extend their
observations by providing environment feedback, and they
adhere to the think-act-react procedure.

+ Each agent has both independent and shared memory,
enabling them to be efficient and reliable in task completion.

Workflow across Agents

» Agents collaborate by sharing messages in the same workspace,
which either directly trigger actions or actively identify an
upcoming task.



8. Agent Collaboration in Software Development (c)

Name Alex Agent Profile
Profile Engineer
¢ Goal Write elegant, readable,extensible, efficient code
/ B > = ! Constraint The code you write should conform to code standard like PEPS,
o . be modular,easy to read and maintain
Architect Project Manager l
2 diagram tool 3 diagram tool Memory
4 4 ) = . Memory Retrieval
~ 1 1 p——a T T T 11
. ‘ subscription Engineer Iterative Programming
content: {Architect: Implementation appro...} 2 241 Code: Gamhe.py l
instruct_content: "Data structures and in ..." ; > @ ## game.py History Message
- o e (D &> , :
cause_by: WriteTasks : import random
sent from: ProjectManager Engineer ; MIFRD Documert
. e Write class By System Design
send_to: Engineer @shj gamepy— def __init__(self, ): A Cod
self.size = ode
4 Shared Message Pool 4 \ self.score = 1
¥ ' Feedback self.high_score =
) n Yy e . self.board = [[0]*size for _in Add Code
b ? A range
Product Manager QA Engineer self.game_over = False
k @1 web search tool self.start() i
L Debug X
@ web h tool @ debugei | 9 di i S Executable Feedback
Tools web search tool kr debugging too 1agram too
° 58 = 1 Structured Message(...)

\ 4

(1) Structured Communication Interfaces (2) Publish-Subscribe Mechanism

(3) Executable Feedback (4) Iterative Programming



9. Experiments (a)

[ 1 HumanEval
1 MBPP

Pass@1 of MBPP and HumanEval (%)

..................................

MetaGPT achieves 85.9% and 87.7%

. s e e T B in HumanEval and MBPP respectively
- S5 i 47.0 47.0
i 5o 176 189 pom MetaGPT achieves a 28.2% relative
il | - | improvement on HumanEval compared
Q&o:: : @1\@\ +Qf§b\ +§o°° Oo&i \\,\c:‘@ Oobé\ OQ’\"" \532;&“\ ,§§/\ to GPT-4. Executable feedback led to a
war o P yed G Q&%@Q’ o°°®+ o {Jo“& & 4.2% and 5.4% improvement on
N il s < S S HumanEval and MBPP respectively.
Table 1: The statistical analysis on SoftwareDev.
MetaGPT takes only 503 seconds to Statistical Index ChatDev MetaGPT w/o Feedback MetaGPT
finish a task on average. (A) Executability 2.25 3.67 3.75
(B) Cost#1: Running Times (s) 762 503 541
MetaGPT demonstrates high productivity (B) Cost#2: Token Usage 19,292 24,613 31,255
in code, which needs only 124.3 tokens (C) Code Statistic#1: Code Files 1.9 4.6 5.1
for one line of code. (C) Code Statistic#2: Lines of Code per File 40.8 42.3 49.3
(C) Code Statistic#3: Total Code Lines 715 194.6 251.4
MetaGPT achieves a high executability (D) Productivity 248.9 126.5 124.3
score of 3.75, very close to 4 (flawless). (E) Human Revision Cost 2.5 225 0.83




10. Experiments (b)

Table 2: Comparison of capabilities for MetaGPT and other approaches. ‘v indicates the Table 3: Ablation study on roles. ‘#* denotes ‘The number of”, ‘Product’ denotes ‘Product man-

presence of a specific feature in the corresponding framework, ‘/* its absence. ager’, and ‘Project’ denotes ‘Project manager’. ‘v’ indicates the addition of a specific role. ‘Revi-
OH : sions’ refers to ‘Human Revision Cost’.
Framework .Capabllly JufcGHT I iangCiamrapentyerse I Clintcy Met‘a/GPT Engineer Product Architect Project | #Agents #Lines Expense Revisions Executability
=R enEmanon Vv 1 830 $0915 10 1.0
Tenical design genenration v v i ) 1120 $1.059 25 20
APl interface generation v v v 3 1430 $1204 4.0 25
Code generation v v v A v v v 3 2050 $1251 35 2.0
Precompilation execution v v v v 4 1910 $1385 25 4.0
Role-based task management v v e
Code review v 7 v ﬂ ﬂ 859 877
Table 4: Executability comparison. The executability scores are on a grading system ranging from a
17 to ’4’. A score of ’1’ signifies complete failure, 2’ denotes executable code, ’3’ represents ABLATION STUDY \553;&@ ng’\
largely satisfying expected workflow, and ’4’ indicates a perfect match with expectations. @‘:’oqee' &
Task AutoGPT LangChain AgentVerse ChatDev  MetaGPT The Effectiveness of Roles <
Flappy bird 1 1 1 2 3 v Adding roles like product manager, architect and project manager
Tank battle game 1 1 1 P 4 consistently improves executability and reduce the labor of revisions.
2048 game 1 1 1 1 4
S - L X = 4 The Effectiveness of Executable Feedback Mechanism
Brick breaker game ! ! ! ! - v' The executable feedback of MetaGPT leads to a significant improvement
Excel data process 1 1 1 4 4 of 4.2% and 5.4% in Pass @1 on HumanEval and MBPP,
CRUD manage 1 1 1 2 4
Average score 1.0 1.0 1.0 2.1 3.9 v' The feedback mechanism improves functionality and executability,

increasing the score from 3.67 to 3.75, while reducing the cost of human
revisions significantly, from 2.25 to 0.83.



. Demos: Architect Design by MetaGPT

Examples (fully generated by GPT-4)

For example, if you type metagpt "Design a RecSys like Toutiao" , you would get many outputs, one of them is data &

api design

User

+int user_id

+str name

+str email

+DateTime created_at

+__init__(user_id: int, name:
1

1

UserProfile

+int user_id
+dict preferences
+dict history

+__init__(user_id: int, preferences: dict, history: dict) : -> None

e

str, email: str) : -> None

1

+fit() : -> None
+predict(user_id: int, n_recommendations: int) : -> List[int]

3

Content

+int content_id
+str title

+str description
+str category

\ +DateTime published_at
[ +__init__(content_id: int, title: str, description: str, category: str, published_at: DateTime) : -> None

Advertising

+int advertiser_id
+str target_audience

+__init__(advertiser_id: int, target_audience: str) : -> None

1

+__init__(user_id: int, content_id: int, rating: int) : -> None

+ensure_privacy() : -> None

+int user_id

+UserProfile user_profile
+CollaborativeFilteringModel cf_model
+ContentBasedFilteringModel cbf_model

+get_| I

+__init__(user_id: int, user_profile: UserProfile, cf_model: CollaborativeFilteringModel, cbf_model: ContentBasedFilteringModel) : -> None

int) : -> List[int]

e

~

T

+List[Recommender] recommenders

ExperimentationPlatform

Optimization

+Recommender recommender

\ Monitoring

+Recommender recommender

+_init__(r ders: List[ der]) : ->

+run_experiment(user_id: int, n_recommendations: int) : -> Dict[str, List[int]]

None +__init__(recommender: Recommender) : -> None

+optimize() : -> None

+__init__(recommender: Recommender) : -> None
+generate_report() : -> None

CollaborativeFilteringModel \1 Feedback privacy ContentBasedFilteringModel
+DataFrame data +DataFrame data
+str model_type PRI +User user +str model_type
- +int content_id -
+__init__(data: DataFrame, model_type: str) : -> None +int rating +__init__(user: User) : -> None +__init__(data: DataFrame, model_type: str) : -> None

+fit() : -> None
+predict(user_id: int, n_recommendations: int) : -> List[int]

It costs approximately $0.2 (in GPT-4 API fees) to generate one example with analysis and design, and around $2.0 for a full

project.



11. Demos: Development Proced

H hongsirui

Create an official website with a top bar,
banner, About Us section, and footer. The
top bar should have a menu for easy
navigation. Utilize the provided image URL
for uniform images. Design a responsive
layout using HTML and CSS, with a touch of
Bootstrap for responsiveness. Keep it
visually appealing. Happy coding!do not use
vue or react or alpins.write all javascript
code into a single file.All picture source use
https://images.unsplash.com/photo-
1508144753681-9986d4df99b3?
q=808w=38708&auto=format&fit=crop&ixlib=
rb-
4.0.3Rixid=M3wxMjA3fDB8MHxwaGS0by 1w
YWdIfHx8fGVufDB8fHx8fA%3D%3D.Keep it
visually appealing. Happy coding!

@ Alice

| will draft the Product Requirements
Document (PRD) to outline the scope and

specifications of the project.

Ei Bob

Now | will create the architectural design to
ensure a robust and scalable structure for

the project.

& Channels 6

i Mike { Alice Bob o Eve
y Team Leader Product Manager ‘3 Architect ? Project Manager

o & D

& Editor

index.html style.css

about.html|

ion generateNav() {
t navLinks = ['Home', 'About Us', 'Services', ‘'Contact'];
1st navBar = document.querySelector(’.navbar-nav');

navLinks.forEach(link => {
let listItem = document.createElement('1i");
listItem.className = ‘nav-item’;
let anchor = document.createElement('a’);
anchor.className = 'nav-link’;
anchor.href = “#${link.toLowerCase()} ;
anchor.innerText = link;
listItem.appendChild(anchor);
navBar.appendChild(listItem);

wction displayBanner() {
const banner = document.querySelector( '#banner’);
banner.style.backgroundImage = "url(“default-banner.jpg"”)’;
banner.innerText = 'Welcome to Our Website!';

nction displayAboutUs() {
const aboutUs = document.querySelector( '#about-us");

ures in MetaGPT

Alex Edward

17 - Engineer QA Engineer

aboutUs.innerHTML = ‘<h2>About Us</h2><p>We are a team dedicated to providing quality services.</p>';

ion displayFooter() {
const footer = document.querySelector('footer');
footer.innerHTML = ‘<p>Contact us at info@example.com</p><p>Follow us on social media</p>';




12. Demos: Software generated by MetaGPT

tes/index.html """

ther Dashboard

ImmutableMultiDict([("cs

Sentiment Analysis Tool

B 2ot

get weather data for the given location.

Score: 18

color meter

: (236, 236, 236, 255)

Customer Management Program

Date Difference Calculator ¥ o X / Chinese Relationship Calculator

Directory: C:/Users/lingf/Desktop/i Browse

2023-10-10

Enter Relationships:

[
Calculate

s

Undo

2023-05-01

Calculate

Clear

Difference: 162 days

cfi_tic_tac_toe — python main.py — 52x29

Music Website Digit Recognizer

Stock Summary

o Upload Image
x| I x Real Time Data for {{ symbol }} e

Player 0, enter your move (0-8): 7f vt S data
Historical Data for {{ symbol }}

aner | sagcase Upiosd

Analysis for {{ symbol }}




13. Demos: Executions of Generated Software

2048 Game Web A Gomoku Game Web

Score: 188

Game Over. Winner: { "name": "Player 2", "symbol™: "O" }

Created by chen893 from Github Costing $0.4

Created by chen893 from Github Costing $0.52

CurrencyWiz Web

CurrencyWiz

Medium

% /A/H

00
.
ki Personal

Converted Amount: 139

- B BB
Favorites

EUR to USD

BARiCS LI
EURto USD

CNY lo USD

Created by chen893 from Github Costing $0.54 Created by Wenyuelike from Github Costing $0.48



14. Future Directions

Generate more complex software
Understand and interpret data
Recursive (self) improvement
Automatic agent orchestration
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