tttttttttttttttttttttttttttttttttt

EEHNIFRIAC | pevelopment

FESFEI 11.24-25 | summit

HRSEXRAREGERERITIRE

A8 FERFRITERAARAHRRE




e 4 A
HIRESEIES + ZEH> (EVINK

—1000 + $2/REZIPARIFE [ H¥

G ke ﬂ 23| P S K ie i L8y
@ﬁ@i K+IEL K+ S RBEFR RS AIFES K+ S BRRER R LI ES

2ixEdiE: 2024.05.24-25 =irda: 2024.09.20-21

\/ - - s

.

@ O O O O O
NDDig2 ﬂ 23| i NDDig2 % 5| A=W NDDig2 ﬁ 31|

NDD#2

aiedia: 2023.11.24-25 awedia: 2024.07.19-20 2iwediE: 2024.11.15-16




2 P

PERERITERAHRA IRR

BTESD, EEARSENENEEEEITERFUNETERERAK
iItERFEEaEiE, ZIRIBEMICRO, DACEAREMEFIATERE
EMSNIEFEREER, KEERFINTPERERFESFEAT L.

AR TN R (48 &2 = EE N\ EF R K NDD A BHTER TS

Al*s ftw D 940@1 thtal Ummt-
<



1. EEEEERIH AR

E % 2. BeeBEitrYE AR IHkE Wﬂ
0.
M 014 A0, I'

CONTENTS 3- BREgTHRIEs@aERIT: B&iﬁ%ﬁﬁ

4- JEEE y} o 0 0




NDD L 3aes R

PART 01 &
HeaEgitEs: MtERLstT



» iTEIEEIEICE

EHFERIEHR
Alonzo Church: LamdajE& Allen Turing: EIRM,
a— I BROTE A E)A

1. BIRES
2. BIRFRER, 1%§UEE%E’J%$

THRE | _ | ERA
o i

MEEZMIZ4E M ZE IR =5

AR SHER (R & 2 T 3\ B AT ND ﬁ'*j*‘?ﬂ@’%?ﬁ“%ﬁ



» fRRATRREAIE

. . ROBLEY. o1 B
THRHHOEE 0y 05 ENEREEERHER
AR VOKEMA WiFK#H °°° i RTARES L bt )

MRS © -

#FMachine OPIEF B8, (, ()
oHfT. TTHUE. TJIEfE. T{EIE
® ® O ) .
MBI TR E THUTHIRIESRS
(Machine OP) DIGITALAGENT

AR E) EREETR & 2 E# A SR AL NDD 4 2Eazazas



> MitEEhgit

QK- &g N:Slk] QK- &ap N:Sl)]
SR VORGRRAN WL ER VORBHEA  WIERH

HFMachine OPHITEF

3k

DIGITALAGENT

|

o= ® oo
3ol 3 476497 23
.&Iﬂiﬁiwgﬁelﬂ Machine T/ #1#THOPZ g]

AR E) EREETR & 2 E# A SR AL NDD 4 2Eazazas



» REMIH=ESAI
bR R

2l

I ERE

RIS SRS

i

AR & = EHENHFZ LR



» EHaeEEIZiITRYHER: KEMXIHEHRES
AR RS (8]

32{uCPU

iHY

PHI

1010540

AR EHER PR £ A HF LRI NDD A stwEnzEs



» BHEEEEEITRIPE: REMEIASERAESS
s FERER K

FEGT10ZXNE (BFRMAE1A%KES) F8ERILE
Intel P4 CPUi/599.99999999999 %RV /EREER

VS
Elf&o% Syl
.,90% ~80%
~90% ~90%

AIIRENER TS 2 E A AR A \iDD A" ﬁ*‘*ﬁﬁ’iﬁﬁfﬁ%ﬁ



» HEEREiRIHRIPkE: REMIHEHRNES

P EZEANEE TN

A E C
3 é-Pthe Number Formatted Number add two Chalrs S spaces apart @_ﬁﬁ-ﬁﬁﬂgﬁ
4 123456789 123-456-789
5 | 789474763 \
6 | 992784639 X ‘ ‘
8 | -
g -
0 AN
- M ACH .

MR P E9SI NS A5 R & B R R MAFRBRIES ik R ERTEF MEIRFH B RERRIERF

B=A[3] +‘’"+ A[3:6] + ‘-’ + A[6:9]

AR RS H R 2 EmH A BZ UK NDD A'**‘*%ﬂ-ﬂ%%




» (EHRIEFES RHIPRE]

(E45I= S PRRIRT T

AR R — ipREaEMMNE

I/O%!&zﬁiﬁ)\t IESR{ —RERAILUBE SMTIIE

% » LR E . Heuristic=5%

LI rl machme OPEI’J BIRET. BERLE, BIRE,
BERTEFR.....

|

DIGITTHGE“T
= AT 5 B
® 5L tRIDSL/Grammar
- _— DSLIi SRR AIZRIAREIIA
Machine T #11TEYOPZ 8] JERTEANETHEX

AR SRk B 2 < T i\ SR AT 4% NiDD A'*{*%ﬁiﬁa



» (ERIEFERRIPRE]

G EFARNERFIRZIZ/ T KR = B A ) SRR

Handwritten Tasks

100 — —#— LAMBDABEAM + Restarts
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Next frontier of prompt engineering imo: "AutoGPTs" . 1 GPT call is just
like 1 instruction on a computer. They can be strung together into
programs. Use prompt to define |/O device and tool specs, define the
cognitive loop, page data in and out of context window, .run().

7 BabyAGI .
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IAAutoGPT AR TR ARIREIRAT E

o e .
Demaoe < | 8 windows Pawarshell x [

1LAutoGPTE IR # % I AutoGPT

Step 1: Pull the first incomplete task

Execute task

Execution Agent

Return result Loop

Step 2: Enrich result and store in Vector DB

Retrieve contcx[ﬁ:um cm‘ltNre result in Vector DB

Context Agent Step 3: Create new tasks and reprioritize task list
Create new tasks ﬁ:urn new laN:riorilize task list Return prioritized tasks
Task Creation Agent Prioritization Agent

AR 2 T AT AR NiDD Agfi#znzse

Windows PowerShell
Copyright (C) Microsoft Corporation. All rights reserved.

Install the latest PowerShell for new features and improvements! h
ttps://aka.ms/PSWindows

PS D:\Auto—GPT> python autogpt
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User
Large <+—--- Stack the blocks on the empty bowl. ®
Language _ S—

(:s:mi:s ol APIs

l Policy Code

block_names = detect objects("blocks")
bowl_names = detect _objects("bowls")
for bowl_name in bowl_names:
if is_empty(bowl_name):

empty_bowl = bowl_name

break
objs_to_stack = [empty_bowl]|+ block_names
stack_objects(objs_to_stack)

l' def is_empty(name):

def stack_objects(obj_names):
n_objs = len(obj_names) i
for i in range(n_objs - 1): >
obj@ = obj_names[i + 1]
obJ1 obj_names[i]
pick_place(obj@, obj1)
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Move the sky-colored block in between
Put the blocks in a horizontal line near the the red block and the second block from Arrange the blocks in a square around the
top the left middle Make the square bigger Move the red block 5cm to the bottom

1 . rF i ‘ | ; .|'
Put the red block to the left of the Place the blocks in bowls with non- Put the blocks in a vertical line 20cm and LS

rightmost bowl matching colors 10cm below the blue bowl Put the apple and the coke in their corresponding bins

.

Wait until you see an egg and put it on the Draw a pyramid as a triangle on the
Move the fruits to the green plate and bottles to the blue plate green plate Draw a 5cm hexagon around the middle ground
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Stevan Harnad. 1990. The symbol grounding problem
https://github.com/Significant-Gravitas/Auto-GPT-Plugins
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Plugin
Alpaca-Trading

AutoGPTReddit

AutoGPT User
Input Request

BingAl

Crypto

Discord

Dolly AutoGPT
Cloner

Google Analytics

IFTTT webhooks

iMessage
Instagram

Mastodon

Description

Trade stocks and crypto, paper or live with Auto-
GPT

Reddit Access

Allow Auto-GPT to specifically request user input
in continous mode

Enable Auto-GPT to fetch information via BingAl,
saving time, API requests while maintaining
accuracy. This does not remove the need for
OpenAl APl keys

Trade crypto with Auto-GPT

Interact with your Auto-GPT instance through
Discord

A way to compose & run multiple Auto-GPT

AutoGPTEH I &MLy A IE BC i it &£

Repository

danikhan632/Auto-GPT-AlpacaTrader-
Plugin

NeonN3mesis/AutoGPTReddit

HFrovinJensen/Auto-GPT-User-Input-
Plugin

gravelBridge/AutoGPT-BingAl

isaiahbjork/Auto-GPT-Crypto-Plugin

gravelBridge/AutoGPT-Discord

processes that cooperate, till core has multi-agent  pr-0f3t/Auto-GPT-Dolly-Plugin

support

Connect your Google Analytics Account to Auto-
GPT.

This plugin allows you to easily integrate IFTTT
connectivity using Maker

Send and Get iMessages using Auto-GPT

Instagram access

Simple Mastodon plugin to send toots through a
Mastodon account

ND

isaiahbjork/Auto-GPT-Google-
Analytics-Plugin

AntonioCiolino/AutoGPT-IFTTT

danikhan632/Auto-GPT-Messages-
Plugin

jpetzke/AutoGPT-Instagram

ppetermann/AutoGPTMastodonPlugin
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Plugin
Alpaca-Trading

AutoGPTReddit

AutoGPT User
Input Request

BingAl

Crypto

Discord

Dolly AutoGPT
Cloner

Google Analytics

IFTTT webhooks

iMessage
Instagram

Mastodon

AR TN IR iR &R =

Description

Trade stocks and crypto, paper or live with Auto-
GPT

Reddit Access

Allow Auto-GPT to specifically request user input
in continous mode

Enable Auto-GPT to fetch information via BingAl,
saving time, APl requests while maintaining
accuracy. This does not remove the need for
OpenAl APl keys

Trade crypto with Auto-GPT

Interact with your Auto-GPT instance through
Discord

A way to compose & run multiple Auto-GPT
processes that cooperate, till core has multi-agent
support

Connect your Google Analytics Account to Auto-
GPT.

This plugin allows you to easily integrate IFTTT
connectivity using Maker

Send and Get iMessages using Auto-GPT

Instagram access

Simple Mastodon plugin to send toots through a
Mastodon account

W%Ekéﬂ'ﬂkﬁ’g. HE FF T %1t
AutoGPTE X &L A& Bcfi {4

Repository

danikhan632/Auto-GPT-AlpacaTrader-
Plugin

NeonN3mesis/AutoGPTReddit

HFrovinJensen/Auto-GPT-User-Input-
Plugin

gravelBridge/AutoGPT-BingAl

isaiahbjork/Auto-GPT-Crypto-Plugin

gravelBridge/AutoGPT-Discord

pr-0f3t/Auto-GPT-Dolly-Plugin

isaiahbjork/Auto-GPT-Google-
Analytics-Plugin

AntonioCiolino/AutoGPT-IFTTT

danikhan632/Auto-GPT-Messages-
Plugin

jpetzke/AutoGPT-Instagram

ppetermann/AutoGPTMastodonPlugin

Code as policies - EF T APISE A J3/8) @i & FlReward AP

LMP Prompts

LI

prompt_tabletop_ni =
# Python 2D robot control script

import numpy as np

from env_utils import put_first on second, get_obi_pos, get_obj_names, say, set_corner_name, get_sic

User

Reward Translator
(LLM)

from plan_utils import parse_obj_name, parse position, parse_question, transform shape_pts

Make robot dog
stand up on two feet.

objects = ['yellow block’, ’green block’, ’vellow bowl’, “blue block’, “blus bowl’, ’green bowl’]

# the yellow block on the yellow bowl.

zay(’ Ok - putting the vellow block on the vellow bowl’)

put_first on_second( yvellow block’, “vellow bowl’)

objects = ['wellow block’, ~zreen block’, “wellow bowl’, “blue block’, ’blue bowl’, " sreen bowl’] Reward code

# which block did you move.

say (T moved the yellow block’ ) # Set torso rewards

objects = ["vellow block’, ’green block’, 'vellow bowl’, "blue block’, 'blue bowl', 'green bowl’] _ 2
# mave the gresn block o the top rignt comsr. set_torso_rewards(height=0.7, pitch=np.deg2rad(90))
say(’ Got it — putting the sreen block on the top right corner’)

corner_pos = parse_position(’ top right corner’)

put_first on_second(’ green block’, corner_pos)

objects = [ yellow block’, ’green block’, 'yellow bowl’, 'blue block’, ’blus bowl’, ’sgresn bowl’] # Set feet rewards

# stack the blue bowl on the yellow bowl on the green block.

order_bottom to_top = [ zreen block’, "yellow block’, 'blue bowl’ ]

say(f Sure - stacking from top to bottom: {“, “. join(order bottom to_top)}’ )
stack_objects_in_order (object_names=order_bottom_to_top)

set_feet_pos_rewards('front_left, height=0.7)
set_feet_pos_rewards(back_left, height=0.0)

objects = [ cyan bluck’_, ’w}_ﬂte block’, ’_cyan bowl’, ’blue block’, “blue bowl’, "white bowl’] Set_feet_p0s_rewards('front_right" height:O_?)
# move the cyan block into its corresponding bowl. - i L E
matches = { cyan block: ’cyan bawl') set_feet_pos_rewards(back_right, height=0.0)
say(’Got it - placing the cyan block on the cvan bowl’ ) = — = ==
for first, second in matches. items():

put_first_on second(first, zet_obj_pos(second))
objects = ['cyan block’, ’“white block’, ’cyan bowl’, "blue block’, "blue bowl’, "white bowl’]

# make a line of blocks on the right side.

say(’ No problem! Making a line of blocks on the right side’ )

block_names = parse_obj_name( the blocks’, £’ objects = {zet_obj_names()}")

line_pts = parse_position(f’a 30cm wertical line on the right with {len(block_names)} points’)
for block name, pt in zip(block names, line pts):

put_first_on_second(block name, pt)
objects = ["vellow block’, 'red block’', ’wvellow bowl’, *eray block , *sray bowl’,
# put the small banana colored thing in between the blue bowl and green block.
say(’ Sure thing - putting the yellow block between the blue bowl and the green block’ )
target_pos = parse_position{ a point in the middle betweeen the blue bowl and the green block’ )

Optimized
low-level actions

"red bowl’ ]

Motion Controller

put_first on_second(’ yellow block’, tarzet pos)

objects = [yellow block’, “red block’, “yellow bowl', *gray block’, *gray bowl’, “red bowl’ ]

# can vou cut the bowls in half.

say(’no, I can only move obiects around )

objects = [ yellow block’, ’green block’, ’vellow bowl’, ’gray block’, ’gray bowl’, ’green bowl’ ]

# stack the blocks on the right side with the gray one on the bottom
say(’Ok. stacking the blocks on the right side with the gray block on the bottom )
right_side = parse_position(’ the right side’)
right,sids)
order_bottom_to_top = [ zray block’, "=zreen block’, "yellow block']
stack_objects_in urder(ubject names= Drder _bottom_to_top)
e e e T e e e e e s )

put_first on_second(’ sray block’,

HANEF T
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AlphaFold AlphaTensor

ce/ 6 October 2022

nature ”

https://www.deepmind.com/blog/agent57-outperforming-the-human-atari-benchmark
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FE5BIE (Instruction Following) BITEARIEBESIESXEH

(%8 RASTEIRE H EIE EEF

Build house Shear
Sheep
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_ agent's trajectory (sy, ay, It, St41, 9) g: Pick the purple ball. |
PICk the purple ba” ....................................................................................... o rT: 1

8%

Instruction Update
Dataset Agent Replay
Buffer
Train ,\

Mapper

Instruction g Relabel .. 9': Pick the purple ball. [
Generator trajectory "y 1

agent's trajectory (s, a, I't, Stz1, 9 g Pick the red ball. I__

......................................... .-_n
| B

nEi’l"'.T?

L -\

State-

IF Positive
Trajectory

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

IF Negative
Trajectory

Hindsight Generation for Experience Replay (HIGhER
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Goal g Hlstory h, Observatlon 0y
VirtualHome Graph part1a1 observation:
o" \

Tokemzatlon Tokemza,tlon Tokemzauon

:‘i / =.=| fllll > r = ]
| e
1 Ty B\ Goal predicates:
agent : Inside(pancake,stove):2
BabyAl Grid partial observation: ‘

Language goal:

Language Model
agent  put the green
box next to
the purple box \

Task-specific MOM
v

— Next action a,

A ?3 ﬁ 718 ﬁ A

REgFFYHRE Si)l4k

Pre-Trained Language Models for Interactive Decision-Making (LID), NeurlPS2022

AR TN R (48 &2 = EE N\ EF R K

NDD A EA#EHZ%%&?E«::

Al*softw Dglmm



» LLM B BE&gE: LA "EaIHR" Sl

Minecraft Tech Tree Diamond Tool

1 Pl L R Ty Y Vi
Wooden Stone Iron Diamond’ & @@_/g;/f/

50 Tool Tool Tool Tool
2 )y
e
+ 40 |
E Iron
E 30 Tool
- |
Q
2 20 o Be
=
=
10 g‘
0
}
0 25 50 75 100 125 150
~— \/oyager (Ours) - Voyager w/o Skill Library ReAct Reflexion AutoGPT
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Automatic Curriculum Iterative Prompting Mechanism Skill Library
CoT , Zero-shot Cot ReWOO , HuggingGPT

async function combatZombie(bot) {

™\ g ™ . 8
Prompts Prompts // Equip a weapon &5 Mine Wood Log
- const sword = bot.inventory.findInventoryItem(

mcData.itemsByName["stone_sword"].id);
if (sword) {
await bot.equip(sword, "hand");}

Make Crafting Table

Craft Stone Sword

L L f
LLM LLM else {
— S New await craftStoneSword(bot);} .---ccc---. f Skill ‘ Make Furnace
h Task // Craft and equip a shield Retrieval

Reasoning Step-1 Reasoning Step-1 await craftShield(bot}); r-er-erreemr==ss . — . Craft Shield
¥ v : e

Reasoning Step-2 LLM } ‘ Cook Steak
Y 1 Combat Zombie
v Reasoning Step-2 Env Feedback Code as Refine Program

Reasoning Step-n ; Execution Errors Actions e

LLM
v

MINELRREY I

Single-Path .
Reasoning Reasoning Step-n Update
Exploration
. H . . Progress
https://github.com/MineDojo/Voyager Environment Self-Verification
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LLM Planner
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CE-E o CoaL [z
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jﬁ*ﬂ\ LLM Planner yaglig

2

4 B & Fmachine 1BE 5T
% D OorwER sﬁ%@‘zﬁﬁ
] I leew

T 4= 235 Self-driven Grounding:ta ol Language Model Agents with
MaChme—I#"ﬁH’gOPﬁilj Automatical Language-aligned Skill Learning, arX|v23
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| i 1 : 1 l I
I Tasks [ pick the green box I 1 i Goal X | | - |
: . I S ful 1 | puta green box next | |, |
I 7 1 ¥ Experience ec ] 1 ! Tasks | toared ba apd open :
I Decomposition Prompt 1 ; = 1 I the red door in front :
! -F;z-erceptions: : I Agtions : | S0 e I
! Get_observation(): ... I | ! | | 1 the green ball |
: Get_visited_rooms(): ... I | /ﬁ\ 1 1 [—l 1 1
| Semantic |
I Instruction: Pick the Green Box : | GCEX a embedding : | ‘ :
| LLM : T e U ' I D l:} i T ; t :
| . 1 = ebugging Fromp —
I ) 4 : | Parameters API Clustering : I o :
| ; APIs:
Goal 1: d h
I oa 1sc0vz?r the green box I I 1 | Discovert): iy KB, I
Def Check_1(): I [ 1 T ik [
I return “Green Box™ in Get_obs. .. I m | Pick(): ...
I Gl o = 1 Parameters Parameters 1 I
I 1 : e __MI S _1 1 I Instruction: put a green box next... I
. ec = c = I
I 1 | | | e | | I
— e . o e m—e e mes s el m—e . e m—— o = l ol I
Restore Restore | 1
g A ...
1 Training I 1 5 | 5 / I | l N I
: Initial State + Check_1 : : \ 74 / ! , # python !
I Doty s o " : I?Illtti-‘tﬂSk ! : # 1]2;1«: 1: put a green .. :
I B T I Reinforcement : | def put_green_box_next_red_ball(): I
I Goal 1 state + Check_2 I | lemrmng | I
I - I I - 1 : # main
| o 1 I \ / 1 | put_green_box_next_red_ball() I
1 1
| | | | |
I I
1 1 1 | I
| J _____
tic

odel Agents with Adtoma
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LA —
' ’I_,,‘_‘L -L_[E g:él: 7,1_\- 1§IJ D iscover the g reen key Task instruction: "Pick up the yellow ball"

Goals:

(1) Discover the yellow ball.

D Copy code

Task instruction: "Go to the green key."
Goals:

(zobot):

obs = robot.get_observation()

(1) Check if the robot has discovered the green key. . O
e obs.keys

(xrobot):
obs = robot.get_observation()

(2) Go next to the yellow ball.

obs.keys() ]
Copy code

Next to the green key (zobot):

obs = robot.get_observation()

(2) Check if the robot is next to the green key:

obs.keys():
sum(abs(obs[
(robot):
obs = robot.get_observation()
obs.keys():
sum(abs(obs[

(3) Pick up the yellow ball

D Copy code

(zobot):

robot.get_carried() ==

RFETEFNESZENR, 0T BREEREREIENRI T HNEEE TS

Self-driven Grounding: Large Language Model Agents with Automatical Language-aligned Skill
Learniv23
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® U IUNIET R T BARRIEIBENE X, ’_"‘}lléﬂTf Y2 fLieE

(3) Pick up the yellow object.

| def check_pick_up_yellow_object(robot): I
if robot.get carried() == "yellow":
i ied()
I return True I
else: I
I return False
| |
' Pick up a object | ormmmsss—
iscover e yellow Key.
l p j I def check_discover yellow_key(robot):

ics Inert o thelverimadiey if "yellow key" in robot.get_observation().keys():

def check_go next_to_yellow_key(robot):
obs = robot.get_observation()
if "yellow key" in obs.keys():
if sum(abs(obs["yellow key"])) == 1:

return True
else:
return False

(1) Discover a yellow object.
def check_discover_yellow_object(robot):
observation = robot.get_observation()

return True
return False

return True
else:
return False

(2) Go next to the yellow object.
def check_go_next_to_yellow_object(robot):
observation = robot.get_observation()
if "yellow" in observation.keys():
if sum(abs(observation["yellow"])) == 1:
return True
return False

|
|
|
|
|
if "yellow" in observation.keys(): I
|
|
|
|

discover a object

Go next to a object

Self-driven Grounding: Large Language Model Agents with Automatical Language-aligned Skill Learning, arxiv23
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User:
Instruction: put the red key next to the yellow key

LM

1 # Candidate program:

2 # task 1l: put the red key next to the
yellow key

3 def put_red_key next_to_yellow_key (robot
e

ChatGPT:

1 # Modified program begin:

2 # task 1l: put the red key next to the
yellow key

def put_red_key_next_to_yellow key (robot

(S]

; i
4 # 1. ]ilfcover the red key and yellow 4 £ 1 discover the ved EFew
3 robot.dliscmfer object ("red key") Ah s kebpb-discovbe chjcce (fzod skoyly
g robot .discover_object ("yellow key") )i[d\ g } 2. oo to ths red ey
3 £ 2, 6o to the ted Key # Error messages: Pick error! 8 if "red key" in robot.
9 Bt & B (Mied ke get_observation() .keys () :
10 iebec. do-next_toire ey » 9 robot.go_next_to("red key")

10 else:

11 fcle Eh K S . " :
A debuggir B b
14 # 4EE&P§§%E£ __j' before go to it")

15 rob o "yellow key") g 12 :

16 2‘&?} )% 13 # 3. pick the red key .

17 . put the red key next to the 14 if sum(abs (robot.get observation() ["
yvellow key red key"])) ==

18 robot .put_next_to("red key", "yellow 15 robot.pick ("red key")
key") 16 else:

19 return 17 raise ValueError ("The robot is

20 not next to the red key")

2] # main 18

22 put_red_key_next_to_yellow key(robot)

Self-driven Grounding: Large Language Model Agents with Automatical Language-aligned Skill Learning, arxiv23
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Instruction:

open the red door on your left,
pick up a green box and then
put the purple key next to a red
ball

Action Space:

I v J sz | ﬁ
o SRELHYG, BWE/TR/F% i,
\ \ Move forward
® %’Et%, ?ﬁ/ﬁﬁ% IIIﬁIII ’ 9:|: [ j % Pickup
Drop
® gﬂé{f% Toggle
Done
Level Map Scenario Mission Space
GoToLocal single room  single-task go to the {color} {type}
PickupLoc single room  single-task pick up the {color} {type}
PutNextLocal single room  single-task put the {color} {type} next to the {color} {type}
Open 3 x 3rooms single-task open a {color} door

Combined instructions of "GoTo”, "PickUp”, "PutNext”, "Open”
using “and”, 7, then” and “after you”
BossLevel 3 x 3rooms combined-task Command can be any sentence drawn from the Baby Language grammar

SynthSeq 3 X 3rooms combined-task

Self-driven Grounding: Large Language Model Agents with Automatical Language-aligned Skill Learning, arxiv23
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Task Method Type Demos rate 4 ™ Interaction=1 M Interaction=2 M Interaction=3 M Interaction=4
Original IL I0K  99.8
LID-Text IL 10K 99.5 0.8
GOTOL";‘%@E@HYVLN action LLM 0 55.1
LLM+Efillaction=HY VIN LLM 0 99.9 b
Original IL 10K 998 g o
PickupLoc LID—Text. IL 10K 99.8
HYVIN-action LLM 0 47.6 0.2
HYVIN LLM 0 92.9
Original [L 10K 977 ° GoToLocal PickupLoc PutNextLocal Open SynthSeq BossLevel
PutNextLocal LD Text L L S
HYVIN-action LLM 0 0

HYVIN LLM 0 91.9 W Attempts=1 B Attempts=5

Original IL IM 100
Open HYVIN-action LLM 0 0 o ' i
HYVIN LLM 0 924 —— I a
Original IL IM 87.7 - -
SvithSE LISA i 100K  61.2 0. - o N ' N N
YIS HYVIN-action LLM 0 0
HYVIN LLM 0 789 S | | | ] B
Original IL IM 84.3 — == | = =

rate

(= -]

™

'S

]

rate
(=]

o S LISA IL 100K 69.8 GoToLocal PickupLoc PutNextLocal  Open SynthSeq BossLevel
OSSLEVEl  HYVIN-action LIM 0 0
HYVIN LLM 0 75.9 Figure 6: Successful rates of different attempts times

uv.uu uv.£2 u.ou u.ro l.uu Vo MLt Ve Vet 2 A v -~

steps le5 steps le5 steps le5

Self-driven Grounding: Large Language Model Agents with Automatical Language-aligned Skill Learning, arxiv23
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ANPL Program

input_grid

Hole 1

def color_pixel_blue(grid, col):
grid[;, col][0] = blue
return grid

Input Output
“find the columns with the most gray 1

Decompose pixels and the fewest gray pixels” 1
Task * ' Hole 2 most gray
= fewest gray

def color_pixels_red(grid, col):
grid[;, col] = red
return grid

LLM + code generation (nowadays)

ANPL Compiler

| color the pixel blue def main(input_grid: np.ndarray) -> np.ndarray:
- most_gray, fewest_gray =
________ Hole 3 find_columns_with_most_and_fewest_gray_p
N - SR = xels(input_grid) »
I IR 1 colared_grid = color_pixel_blue (input_grid,
e > colored_grid color all pixels re most_gray)
. Data ﬂOW —————————— l output_grid = color_pixels_red (colored_grid,
—— z fewest_gray) *
L _ 5 Hole ovtp A return output_grid

Debugging ANPL Program
input_grid (hoia ] Python Program

return output_grid

¥

1
Hole Traces ! Expected = —————— ST e el

I “find the columns withgray | 1 def sort_and_return{col
! 1 pixels’ 1 HO|E,4 — o
: Redecompose e | e i H 4 s wibh s e g

Ghele | | Sort columnsand then reurn |11 5 o I S ;

| 1 the first and last element” = g most, fewest = sort_and_retun (cols).....
- . T I e |

1 EXp|aln _____________ | * W] def color_pixels_blue (grid, col)e... H OW to ?

Hole 2 : & MDdlfy Hole 2 mostgray — def color_pixels_red{grid, col)

= I— ——————— fewest gray o grid]:, col] = red
| : L <olor all pixels blue Hole 3 % return grid 4 /
—— e L d i
— def main(input_grid: np.ndarray) >

. Brovide 1/0 O-H V/

Hole 3 ! \ colored_grid most_gray, fewest_gray = ...

— 1 colored_grid = ...

| output_grid = ......
I
1

output_grid

[1] Are automated debuggmg techmques actually helping programmers?
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S&programming + interaction < programmlng

BREXNRAEMLIEE I ERTEHPRAREE, |—ME8EZE

deffunc(numbers, reverse=False
return sorted(numbers, key=/ambda x. x, reverse=reverse

deffunc(numbers, reverse={True
return sorted(numbers, key=/ambda x. x, reverse=reverse

numbers = input("Enter a list of numbers separated by spaces
“ ‘ y . numbers = input("Enter a list of numbers separated by spaces:
numbers = func(numbers, reverse=False Replace False’in the)

flag = False 6th line with ‘True’.”

numbers = func(numbers /"6’]/6'/’56’:-
flag = True

AR SRS £ EiE A\ S A NiDD ﬁ‘tﬁ*ﬁﬁi“ﬁ%
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ANPL Program ANPL: The Abstracted Natural Programming Language
nput_gri B o EEGIRSERAIEERENZEIESR, BHAREE

“find the columns with the most gray |
[ pixels and the fewest gray pixels’ |

Hole 2 most gray
I--_———_——-I fewestgray
“color the pixel blue’
h M. S NN N - - - - J
N Hole 3
———————— —-— - |
: | * color all pixels red def main(input_grid: np.ndarray) -> np.ndarray:
colored grid P~ BHHEIEEER RS l half_grid = input_grid[input_grid.shape[@] ffe 2k ]
z mirror_grid = “flip the half_grid up and down" (half_grid)
output_grid output_grid = “stack two grids with the first grid on top (mirror_grid, half_grid)

return output_grid

RENE X BB IE I RIEERE

[NeurlPS-23] Di Huang, Ziyuan Nan, Xing Hu, Pengwei Jin, Shaohui Peng, Yuanbo Wen, Rui Zhang, Zidong Du, Qi Guo, Yewen Pu, Yunji Chen. “ANPL: Compiling Natural Programs with Interactive Decomposition”.
Neural Information Processing Systems (NeurlPS), 2023
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» 440 man-hours Human studies

* 19 primary Pythoners W FhERERAPythonfIFF, ANPLEEETH6.6%fFRI=

+ System A: ANPL 3 FRSGHERPy thonfIFIF, ANPLESEFH52.8%ARERE
« System B: ChatGPT

« Random orders of A/B i = € os- S

.H+H+H=H i

4 *Z A H(THIIIIIIH /i" l e

. W/ Python, 400 tasks (1 28.25%) | TAI"H //(
| .

o
[=2]

Solving rate
o
»
Solving rate
Solving rate

« A:75.0%

« B:58.4% T ﬁ E| / = /

o
N

System 8
« C:23.5% (A without interaction) S R O S A SNEAUC)
System Time Number of Interactions
« D:16.8% (B without interaction)
A 10 B 100- C 100-
= 0.75- f i 0.75- a’f‘ﬁ'f
« W/O Python, 40 tasks (1 141.67%) ... s |
. A:89.9% S B | d £ T 1IN
. B:37.2% o NN J Cen |
« C:40.2% (A without interaction) L 1 ['l'l / = . = FEme
. D: 12.5% (B without interaction) JE B T L W T T

[NeurlPS-23] Di Huang, Ziyuan Nan, Xing Hu, Pengwei Jin, Shaohui Peng, Yuanbo Wen, Rui Zhang, Zidong Du, Qi Guo, Yewen Pu, Yunji Chen. "ANPL: Compiling Natural Programs with Interactive Decomposmon

ARG R S mENBZHE K DD A'***‘*Wiﬁ#“@n

Al* software Deve#c@wnt Dlgltal summlt
(



» EFHuman StudiesBI{EZEUREE

DARC: A Recursive Decomposition Dataset of ARC Tasks
human#ZsRHS
300FJHITHER
AFPNRZERSE

SE{EEERME AR LLMs, programming languages, human-computer interaction, and
cognitive science input_grid

R ‘||||||||| |II|II|II|II| R

find the top blue
square 1 blue square
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» ANPLAJLIHFREHENAIE2

LS-8 CPU

- —MEFHAY8-bit CPUIEHLZE (written in Python)

Robot controller

« —AHLSERline-following{ESHINSE/INE

« Text editor

. —/\Eﬁmsert delete, undo, copy/paste...ZIf

BERIN A YRiERR

« Naive MAGIC card game

. —ANEEYHEMS (ZAEE%SJ.EHEE
XS EANFILAR BB A RETIEE

ORhE)

R,

S

ANPL

1 def get_cpu():
2 return {'memory':
‘registers': [a] = B, 'pc

[0] = 256,
8, *flag': 0}

26 def aluoplop:int, reg_a, reg_b, cpu):
27 “This is an ALU of an 8-bit
L

?9 def jmpoplop, reg_a, reg_b, cpu):

32 def lsoplop, reg_a, reg b, cpul:

1 from pybricks.parameters import x
2 from pybricks.hubs import EV3Brick
3 from pybricks,ev3devices import =
4 from pybricks.tools import wait

5 from pybricks.robatics import
Duvesase

7 def main():
BLACK

color_sensor = ‘Initialize the EV3 brick

1 def text_editer_main{text_editor,
signal):
2

if signal = 'backspace()
‘remove the element in 'text'
before the 'cursor_position’'(text_editor,|
signal)
4

32
33 def main():

e "This is operations which can 9 WHITE = 85
directly change pc. Stack pointer is the 10 34 text_editor = dict() the discarded card’s attack and defense
Bth register. If call, push pc inta the 11 base_speed = 200 35 to its own respective stats. ......
stack, and then set pc to the value of 12 correction_factor = 8.1 36 init text_editor with 'text’, || ......
register reg_a. ......" 13 ‘cursor_position', 'clipboard' 80 def fight(cardl, card2, playerl,

31 14 left_motor, right_motor, ‘operation_stack', ‘selection', playerl]

'text_stack' (text_editor)
37

£} “This function should support and devices with A as left B as right and
lnaﬂ and stare operations. ,..... S1 as color sensor’ (Port) 3 signal = dnput() [l
15 108
i 16 while True: 49 while signal != 'quit()': 109 def main(deckl, deck?):
4s def initialize_memory(cpu, filepath): || 1 intensity = 'Get the record the 'text' iato 1 playerl = create_player(deckl)
*This function initializes memory (| intensity through color_sensor “text_stack' of text_editor’ (text_editor, [| 111 player2 = create_player (deck2)
1ruu file. ......" (color_sensar=color_sensor) signal) 112 while not check(playerl, player2):
18 correction = ‘Calculate the 42 e 113 draw(playerl
51 der main(filepath): correction using the correction_factor || ...... 114 drawlplayerz)
52 cpu = get_cpu( and the intensity deviation from the two || 49 115 card_index1 = ‘display the
53 initialize_memory(cpu, filepath) calors threshold (intensity=intensity, 50 signal = input() properties of each card in hand and ask
54 running = True color_List=[BLACK, WHITE], 51 the player for the index of the card to
55 while running: correction_factor=corr  ection_factor) || 52  return choose.” (player1)
71 exit(}

1 def tutor_effect(card: Card, player:
Player) —> None:

“'A Tutor card will add a copy of

the first card in your hand to your hand.

lef ta_effect(card, opponent_card,
play;r!‘

“A TA card discards the card with
the highest power 4n your hand, and add

“The cards' power stats are then
:al:ula:ed and compared ......

l def get_cpu():
retirn (' nenor
reglsters (o] =8, 'pc

[0] * 256
*flag

21 def a\uap(cp int, reg_a: int, reg_b:
int, cpu:

31

55 def jmpop(instr: str, reg a: int,
dict):

Il?]\ = cpul petl
{

158 exit()

1 from typing import *

2 from pybricks,parameters import

3 from pybricks,hubs import EV3Brick

4 from pybricks,evidevices import =

5 from pybricks.tools import wait

6 from pybrxcks robotics import

Orivenas

7

int, color_list
Fpm o 1aztﬂr Hoe) s ety

hreshold = sumlcolor_list} /
len{colcr list)

Colorsensor] > int

1 from typing import *

150 def remove_before_ :ursw:text, str,
curser_position: int) —» str:

151 return text[: :wsor_posuian -1]
+ text[cursor_position:]

28 u np =smc - e

29 (nn{ rtg)sters Mreg_al +=1 175 Player] -> None:

30 cpul'pe'] += def calculate_ carrsmunhntensny 176 def text_editor_main(text_editor, 127 card attack = -float('inf’)
tlint signal 128 ek

177 if signal == 'backspace()':
178 remove_before_cursor{ text_edi
mr. signal)

reg_b: int, cpu
56 if dinstr == CALL: e oo 52 owerl = cardl.attack —
5: cpul'registers’] (7] —= 1 a3 223 card2. defense

cou['memory* 1 [cpul reqisters* def get_intensity{color_sensor: def record_text(text_editor: Dict(str,|| 353 peeeen

Anyl, text: str
text_editor|'text_stack'].append(

c ul'pe'] = return color_sensor.reflection ()
(o] (pu[ reglﬁlers 1reg_al 6 text) 199 def prompt_card_choice (player: Player)
= 47 def initialize devices(port: Part) —> || 2ic text_editor|' redo_stack'] = [] => int:
el TP Tupl:lnnmr, nutur, Colorsensor]: ssenns 200 print(f' {playsr-naW). choose a
=| 5 = EV3Brick() 234 card from your hand:')
L | 76 def lsoplinstr, res.a, reg_b, cpu): m le't_mntnr = Motor(port.A) 235 def (i, card) in
1 58 right_moto Motor(port.B) initialize_text_editor({text_editor: :numerate:nlayer hand) :
dress = 51 color_sensor = Dictlstr, Any]) -> None
:pu[ regls'ers 1(req | CﬂlanEnsnr{pnrt 51) 2 text_editor['text'] = (Attack: {card.attack}, Defense:
cpul' reqmers 1lreg_al = return (left_motor, right_motor, [ 237 text_editor['cursor_position'] = || {card.defense}, Type: {card.type})')
Epu[ mn ) 1 faddress mlnr _sensor) ] while True

T ad def mamEJ seen

114 ] BLACK = 251 205 if not choice, isdigit():

115 def initialize_memory(cpu: DictI[str, 56 WHITE = 85 252 def main(}: 206 print( Invalid input.

»\ny], filepath: str) -> None: 57 base_speed = 200 253 text_editor = dict() P\aase enter a number.')
with open(filepath, ‘r'}) as f: 58 correction_factor = 0.1 254 initialize_text_editor(text_edito continue

111 59 (left_motor, right_motor, ) 208 choice = int{choice)

. calor_sensor) = initialize_devices(Part) | 255 signal = 209 if choice < @ or choice >=
] while Tr 256 while Slgnal ‘, ‘quit()': \M(p'lavﬁr hand) :

Aab def mam(ﬂlepam) 61 intensity = 257 record_text (text_editor, print('Invalid input.
cpu t_cpu() get_intensity(color_sensor=color_sensor) | signal) Please enter a valid index.")
m)l)al)zE_wemcry(cpn, filepath) || 62 correctio 258 cantinue
ruaning = calculate currgctinnl)nlznslty-inlnnsily, ...... return choice
while rumung color_list=[BLACK, 263 signal = input{)

264 return

correction_factor-correction_factor)

]]ll d!f ta_effect(card: Card,
sppsnent_card: Cord, players "Player) ->

e _povar = float(~inf")

126 def mtnr effect{card: Card, player:

150
151 def fight(cardl: Card, card2: Card,
playerl: Player, player2: Player) —> None:

198

print(f'{i}: {card.name}

4 choice = input('Enter the
index of the card you want to choose: ')

(a)

(b)

(c)

(d)

Figure 2: The ANPL and Python code of four projects: (a) LS-8 CPU (b) a robot controller (c)
a text editor (d) a naive MAGIC. We present part of the code and mark the ANPL code and its
corresponding Python code with the same background color.

[NeurlPS-23] Di Huang, Ziyuan Nan, Xing Hu, Pengwei Jin, Shaohui Peng, Yuanbo Wen, Rui Zhang, Zidong Du, Qi Guo, Yewen Pu, Yunji Chen. “ANPL: Compiling Natural Programs with Interactive Decomposition”
Neural Information Processing Systems (NeurlPS), 2023
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