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More and more major businesses and
industries are being run on software and
delivered as online services—trom movies to
agriculture to national defense. [...] Over the
next 10 years, | expect many more industries
to be disrupted by software |[...].

— Marc Andreessen - Why Software is Eating the World (2011)

If we gave everyone the ability to quickly write
software to achieve their goals, what could they do?
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What is Involved in
Developing Software”

® Coding

@ Bugfixing

© Testing

® Documents/Reviews
® Communication

® Other

Today was a Good Day: The Daily Life of Software Developers
Meyer et al. 2019



How Can We Support Developers?
(Neubig 2024)

Self Driving Software Development
Manual driving Manual Coding

1: Driver Assistance/ Adaptive cruise Copilot/Cursor code completion
Code Completion control/braking

2: Partial Automation Tesla's autopilot Copilot chat refactoring

3: Conditional Mercedes-Benz drive pilot DiffBlue test generation,

Automation Transcoder code porting

4: High Automation Cruise self-driving vehicles | Devin/OpenDevin end-to-end
development




Development Copilots

 Work synchronously with the developer to ease
writing code

+e.g. Github Copilot/Cursor




Development Agents

e For coding (e.g. SWE-Agent, Aider)

* For broader development (e.g. Devin, OpenHands)

Hi! I'm OpenDevin, an Al Software Engineer. What
would you like to build with me today?




Autonomous Issue Resolution

neubig commented 3 days ago Member

The PAT_FORK_OWNER option is not working properly, and we will need to create a github app instead.

Because of this, for the time being, we should remove the PAT_FORK_OWNER option from all github workflows and from the
documentation everywhere it exists.

®)

© & neubig added the | fix-me label 3 days ago

@ github-actions bot commented 3 days ago

OpenHands started fixing the issue! You can monitor the progress here.

®

2 openhands-agent added a commit that referenced this issue 3 days ago

@8 Fix issue #163: 'Remove PAT_FORK_OWNER option' v 189df14

@ github-actions bot commented 3 days ago

A potential fix has been generated and a draft PR #164 has been created. Please review the changes.

®)

https://github.com/All-Hands-Al/OpenHands-resolver


https://github.com/All-Hands-AI/OpenHands-resolver

Non-coding lasks

* (Gathering information from Github
 Managing task resolution software

e Setting up web infrastructure



How Promising?

 Code generation leads to large improvements in
oroductivity (Github 2022)

& 45 Used & 50 Did not use
GitHub Copilot GitHub Copilot

. 78% E 70%
finished finished

 1hour, 11 minutes » 2 hours, 41 minutes
average to complete the task average to complete the task

"I minutes | that's 55% less time!



Challenges in Development
Agents

Detining the Environment
Designing an Observations/Actions
Code Generation (atomic actions)
File Localization (exploration)
Planning and Error Recovery

Safety



Code Environments



Types of Environments

- Actual Environments:

- Source Repositories: Github, Gitlab
lask Management Software: Jira, Linear
- Office Software: Google Docs, Microsoft Office
-+ Communication Tools: Gmail, Slack
-+ Testing Environments:
- Mostly focused on coding!

- Developers do more, e.g. browse the web (next session)



Simple Coding

(Chen et al. 2021, Austin et al. 2021)

* e.g. HumankEval/

MBPP

e Examples o
of the Pytho
standard lib

- usage
8

rary

Includes docstring,

some example
inputs/outputs, and

fests

def solut

roups = [s[(3 * i):min((3 = i + 3), len(s))] for i

©

ion(lst):
return sum(lst[i] for 1 in range(0,len(lst)) if 1
jef encode_cyclic(s: ):

roups = [(group[-1] + group[:-1]) if len(group)

return "".join(groups)

% 2==0and 1lst[i] ¥ 2 == 1)

groups = [s[(3 * 1):min((3 = 1 + 1), (s))] for 1 in (Clen(s) + 2) /7 2)]
groups = [(group[1:] + group[0]) if (group) == 3 else group for group in groups]
turt . (groups)
jef decode_cyclic(s: ):

in range((len(s) + 2) 7/ 3)]

== 3 else group for group in groups]



Broader Domains:
CoNalLa/ODEX

(Yin et al. 2018, Wang et al. 2022)

CoNal.a: Broader data scraped
from StackOvertlow

ODEX: Adds execution-based
evaluation

 Wider variety of libraries

Removing duplicates in lists|-¢«—— Intent

A, Pretty much | need to write a program to check if a list has any duplicates and if it does it removes

them and returns a new list with the items that werent duplicated/removed. This is what | have but
406  to be honest | do not know what to do.
v def remove_duplicates():
t=['a', 'b', 'c', 'd']
=['a', 'c¢', 'd"]
for t in t2:
138 t.append(t.remove())
return t

uonsand

A, The common approach to get a unique collection of items is to use a set . Sets are unordered

collections of distinct objects. To create a set from any iterable, you can simply pass it to the built-in

780  set() function. If you later need a real list again, you can similarly pass the set to the 1ist()
function.

The following example should cover whatever you are trying to do:

pP>t=11, 2 3, 1, 2, 5, 6, 7, s]K_Context 1

2?27 LU

e 2 B Gl P T Gy T =
p>> 11st(set(t)) | Snippet 1
» » ’ N ’ 8

»> s =[1, 2, 3]
>>»> list(set(t) - set(s))
[81 5) 6) 7]

Q <

As you can see from the example result, the original order is not maintained. As mentioned above,
sets themselves are unordered collections, so the order is lost. When converting a set back to a
list, an arbitrary order is created.

A FWIW, the new (v2.7) Python way for removing duplicates from an iterable while keeping it in the
original order is:
222

I>>> from collections import OrderedDict Context 2
v R e L < Snippet 2

| REMFE MPEACAFRCAC A |

" L

B none [ pandas numpy [ re W os W collections M matplotlib
B datetime urllib W sys M random io json subprocess
requests bs4 itertools operator time math 60 more

Figure 3: ODEX library distribution.

B none
e ————————
M none itertools random W collections W heapqg W re math

—I

B none math M collections W hashlib W re

B none W skleam numpy @ matplotiib W pandas WM scipy 11 more
HElIi

# pandas numpy [ matplotlib WM sklearn W scipy W pytorch 1 more
B

B none WM skleam W pandas numpy M matplotlib M scipy 23 more
L

B none W re math W collections W heapg itertools 7 more
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Data Science
Notebooks: ARCADE

(Yin et al. 2022)

 Data science notebooks
(e.qg. Jupyter) allow for
Incremental
implementation

 Allows evaluation of code
IN context

1) { L pandas as pd

cl df pd.read_csy| ‘dataset/Gamepass_Games_v
[2] W) Extract min and max hours as two columns o2
el get_avg x
Lt float(x @ floatix 1
df in df | ‘max zip( *df| ' TIME str.replace
s hours str.split "- applyiget_avg
[3) df| ' ADDED pd to_datetime
Ca df | ' ADDED format="% %b %y" errors-'coerce

/
[4] W2 In which year was the most played game added? M§
df | 'GAMERS df 'GAMERS' | str.replace

astype int
C4 added_year-df df 'GAMERS' | idxmax ADDEL year

[5) Uy For each ?onth in that year, how many games that AQ{
has a rating of more than four?

df | df | ADDEC dt year- - added_date year
df [ ‘RATING 1 .groupby

df | “ADDED dt month GAME count
Cs

[8) w,y What is the average maximum completion time for /Q{
all fallout games added in 20217

fallout-df df | 'GAME str.contains 'Fallout

fallout groupby fallout 'ADDEI dt year get_group
Cg 2821 nax' | mean
[7] ws What is the amount of games added in each year /\’Q/

for each month? (show a table with index as years,
] : | £ill 1 ] ith @)
pd pivot_table df index-df ' ADDEL dt year, ...,
aggfunc np . count_nonzero
fill value- '8 rename_axis

index- Year columns- Mont
Cy

Figure 1: An example of a computational notebook adapted
from our dataset, with examples of reading and preprocessing
data (cell ¢ ), data wrangling (cell ¢z, ¢a), and data analysis
(cells ¢z — ¢7). Annotated NL intents are shown in green.



Dataset: SWEBench

(Jiminez et al. 2023)

* |ssues from GitHub + codebases -> pull request

data leak in GBDT due to warm J
start (This is about the non- Pre PR PostPR Tests

histogram-based version of... 19 Generated PR

join_struct_col

+20-12 HHEN
vstack_struct_col

() Codebase B8 sklearn
BB sklearn/ D regs.txt [Y gradient_boosting.py
BB examples/ [) setup.cfg D helper.py

[D README.rst [ setup.py B utils =

9

dstack_struct_col

matrix_transform

A YA NA A SR N

euclidean_diff

* Requires long-context understanding, precise
implementation



Metric: Pass@K

(Chen et al. 2021)

* Basic idea: “it we generate K examples, will at least
one of them pass unit tests”

* Generating only K will result in high variance, so we
generate N > K with C correct answers, and then
calculate expected value

pass@k := [ 1 ( ,,’g)
Problems I ( k) ]




An Aside: Dataset Leakage

Existing New
pass@k s 5
o
Leakage of datasets — — =
I " INCODER 6B 41.3 7.0
IS a blg prOblem CODEGENmuiti 350M 13.3 1.0
CODEGEN,,11; 2B 25.0 2.7
CODEGENmuiti 6B 28.0 3.0
CODEGENmuiti 16B 31.2 4.6
° AR CA D E S h OWS th at CODEGENmo:O 350M 18.9 1.9
| t b k CODEGENmono 2B 35.8 6.5
CODEGENmono 6B 42.1 8.9
novel notebooks are el A -
" PALM 62B (1.3T Tokens) 49.7 12.5
narder than online ey Coe 588 00 214 ko
+ Notebooks (PACHINCO) 64.6 +7.5 30.6 +9.2
N Ote bOO kS — Schema Description 60.5 4.1 22.7 —7.9

° LiVeCOdeBenCh LCB-Easy vs HUMANEVAL+

(Jain et al. 2024) ; L
shows that some |
outperform on &

H uman Eval 20 40 60 80

PAss@1 on LCB-Easy

* GPT-4-Turbo Y Claude-3-0 Y Mistral-L DS-Base-33B DS-Ins-33b

%  GPT-3.5-Turbo Y Claude-3-S Phind-34B O DS-Base-6.7B B DS-Ins-6.7b
GPT-4 * Claude-2 ¢ MC6.7B o DS-Base-1.3B o DS-Ins-1.3b

Y Gemini-Pro Y Claude-Ins-1 WC-34B [J SC2-Base-15B WC-33B



Dataset: Design2Code

Si et al. 2024

* Code generation from web sites

. = Module Ot_drawer

Gabe Charbonneau
Physcun enreprensur deeuptig 9 hesktheae saos oo

FirstFishOnline

COMING SOON

Join Modicine Formard: =

Burnout Warriors

Chack burmeut risk (2-min)

[ worre e |
i everyone
Design2Code (Ours) Design2Code (Ours) Design2Code (Ours) Design2Code (Ours)
[ " ,l Sebastien Wains posts search subscribe contact
W ‘ 7% \.’i" A Always (Amon Tobin) OpenLDAP, Evolution and Microsoft Outlook HOWTO

Window Blinds Wakefield

=
Always

g Information

Thanks for reading this post!

0 rticio?

Song Connections / Remixes

- - - - Trivia

Song Production Information

Difficulty & Not

Design2Code (Ours) Design2Code (Ours) Design2Code (Ours) Design2Code (Ours)

Also proposed Design2Code model



Metric: Visual Similarity of
Web Site

e Design2Code evaluates by two metrics

* High-level visual similarity: Similarity between
visual embeddings of the generated sites

- Low-level element similarity: Recall of each
individual element



Ul Environments



* Simple, contained web tasks

Mini World of Bits

Shi et al. 2017

Click on the "Next" button.

Ok
nunc vitae purus,:

Next
viverra ac, sed:

No
purus sit quis

Select Daria>Polly

Frederica
Martina »
Daria »
Angie

Select the following color E with
the color picker and hit Submit.

Color:
AB2567

Al

Enter the value that corresponds
with each label into the form and
submit when done.

Country Costa Rica
Color gray
First name Lynnette
Religion Judaism
Language Wu
Language:
First name:

Submit

Use the textbox to enter "Leonie"
and press "Search", then find and
click the 2nd search result.

Leonie Search

Chas
https://www.senectus.us
Aliquam cursus. At.

Leonie

https://www.tortor.it

Ultricies congue gravida.
Marcella
https://www.vestibulumduis.hk
Pulvinar aliquam adipiscing.

123>

Find the email by Bobbette and
click the trash icon to delete it.

Corabelle
Magna tortor.
laculis euismod..

Jemimah
Porttitor.
Odio tellus. Li..

Ingaberg
Amet.
Facilisi vel te..

Madelina

Book the cheapest one-way flight
from: NLG to: Brownsville, TX on
12/10/2016.

Book Your One-Way Flight

[ ]
[ J

[ )

Search

Figure 3. 7 of the 100 MiniWoB web tasks, ranging from simple (left) to more complex (right).




Mind2Web

(Deng et al. 2023)

e Real sites, but not live evaluation

* Evaluation done on step-level and trajectory-level accuracy

= [y—— Q s SIGN IN i
1S == & tngsh-Unted Stess Q) Sean 4L JAMES | O mile Tue, Apr 18 Wed, Apr 19 Thu, Apr 20 Fri. Apr 21 Sat, Apr 22
‘“:“n\ UNITED SEAN < = < € p p
A0 BOOK MY TRIPS TRAVELINFO MILEAGEPLUS® PROGRAM  DEALS HELP );‘::l,‘ UNITED w ° 649 649 s613 » 649 »1.918
00 Flight status Checkin My trips 00k Flight status e = o P % i A 7 Sortby: | Relevance v ic Econor Main Cabin Premium Economy Business
FLIGHT HOTEL car PACKAGES  Cruise @ . 'Gm”o{ua‘a‘ou'b : ; AR PACKAGES  Cruise . Ay "
Et 4 onus > s UNITED MiL . )
miles when you = foundtrp O Oneway () Bookwithmikes (] Fexible dates ,
- book with United = & Q2
2 L
New York NYC Toronto Packages. H : Mumbai BOM 2 London LON 2
-
\ i Build your iy K ARsye . R R il B S Seat
Dates* I ORD LHR
7h 40m
Jun 02 1 Adult 8:30 am 10:10 pm  Nonstop » e o FLAGsHIP:
.....
. \ AA9O - 789 ’ 5613 $796 $3203 10192
o > o Vv s
Economy p ¥ ) 2 _ ‘ =
Details Seats
vared search ORD LHR 7t
{Certificates, multi<ity and upgrades) o h 44m [ O [ pacswmee
P — avel cradits Twrnwore> M2 13 14 15 6 17 9 10 1M 12 13 14 15 o . - - G A 6:01 pm 7:45 am Nonstop Round trip Round trip Not availavle found trip
i o0 o cptiona sy ¢ 1 N .
AASE - 789.Bosina 787 s613 $796 510442

(a) Find one-way flights from New York to (b) Book a roundtrip on July 1 from Mumbai to |} (c¢) Find a flight from Chicago to London on
Toronto. London and vice versa on July 5 for two adults. |} 20 April and return on 23 April.

QDainy,

Virginia Department of Motor Vehicles /

Q

Home Make an Appointment View/Cancel Appointments
Turn on notifications
PService Type Appointment Type Office Date and Time Customer Confirmation

Please select an appointment type below.

e P e

‘Knowl dge Test .“,;’ ’5

Knowledge Test: Commercial Vehicle

(d) Find Elon Musk's profile and follow, start (e) Browse comedy films streaming on Netflix || (f) Open page to schedule an appointment for
notifications and like the latest tweet. that was released from 1992 to 2007. car knowledge test.




WebArena

(Zhou et al. 2023)

 Sandboxed open-source web sites

~

\_

o0

CMs| N
s

Web applications from popular domains

L

‘g ~y
8 Q0 ¥ F o
7 N Y — ;
Y 4 “ 1 —

Tool Sites Knowledge resources

Action

PN

N

Feedback

=)

rﬁ

WebArena Environment

Al Agent

(¢

“ Tell me how much I spent on
3 14

food purchase in March 202

<4

C

u Create a ‘NolanFans' repo,

listing Nolan's Oscar-winni@
14

films in a README file

» Functional

Success

* Evaluation performed through validators

€3

Functional
Failure



VisualWWebArena
(Koh et al. 2023)

 WebArena-style benchmark using vision-heavy inputs

OsClass reddit OneStopShop

7 e
* w3
. Q
o Gl
| \ ¥

Knowledge Resources + Tools

VisualWebArena Sites

“Help me make a post selling

this item and navigate to it.

Price it at $10 cheaper than the
| most similar item on the site.”

“Navigate to the comments section of the
latest image post in the /f/Art subreddit
that contains animals.”

“Buy the cheapest color photo
§| printer and send it to Emily’s
A place (as shown in the image).

n

Task Specification

LLM/ VLM

Agent

2

click
[1602]




OSWorld

Xie et al. 2024

* Navigation over OS apps

Task instruction |:Update the bookkeeping sheet with my recent transactions over the past few days in the provided folder.

e window e
chAAC-~. M E-B A REBE Q-6 O
BITU-A-¥. N = o- 08 @ og.oy =

§-m-¥-0 F - b A - %8 @8-
BIU-A-©- i =

receipt 3
Bookkeeping simple

8 i
Bookkeeping simple

Description Category Type Amount Balance Description Category Type Amount Balance
: Office Supplies Purchas» Office Supplies Expense -150 850 Office Supplies Purchas» Office Supplies Expense -150 850 ®
+ Client Payment Receiver Sales Income 500 1350 + Client Payment Receiver Sales Income 500 1350 °
Internet Bill Utilities Expense -60 1290 Internet Bill Utilities Expense -60 1290
¢ Freelance Services Services Income 300 1590 ¢ Freelance Services Services Income 300 1590

7 Rent Payment Rent Expense -700 890 7 Rent Payment Rent Expense -700 890

Software Subscription  Software Expense -100 790 Software Subscription  Software Expense -100. 790
’ . — = =Expense™ ~ -I86193 603.07

———————— Expense -3670 _}3066,93

h Expense 5.7 TS07T2 5

Expense -154.06 A3226.(I]

Expense -8.1 -32347
r k

s

Virtual Machine(s)  get env state

) 1 L.'.
B s _¢

Observation
screenshot ally-tree @ (XX O @ Final State

) E.d input </> .j == |
Task Instruction _input, Agent < ﬁ ’G @

(See examples above) (e.g., GPT-4V) N predict ) Execution-based

task initial env state setup

Task Initial State Setup Config

oS Arbitrary Apps ! Interfaces Evaluation

mouse keyboard

Action OSWorld Environment



Designing Observation/
Action Spaces



Action Spaces

* Coding Agents
 Understand repository structure
 Read in existing code
 Modity or produce code
 Run code and debug
 Browsing Agents
 Navigate and act on web sites

e Understand web sites visually or otherwise



Examp\e: CodeAct Wang et al. 2024

 Interact w/ the environment through code

Instruction: Determine the most cost-effective country to purchase the Available APIs [3) estimate_ final_price(converted _price: float, shipping_cost: float) - > float
smartphone model "CodeAct 1". The countries to consider are the USA, [1] lookup_ rates(country: str) -> (float, float) [4] lookup__phone_ price(model: str, country: str) -> float
Japan, Germany, and India. [2]) convert__and_ tax(price: float, exchange_ rate: float, tax_ rate: float) - > float [5] estimate_shipping_cost(destination_ country: str) - > float
LLM Agent using [Text/JSON] as Action CodeAct: LLM Agent using [Code] as Action
f Think I should calculate the phone price in USD for each country, then find the ! Think I should calculate the phone price in USD for each country, then find the

most cost-effective country. most cost-effective country.
== Text: lookup_rates, Germany
Action ; . - 9 (=

JSON: {"tool": "lookup_rates", "country": "Germany”} Action . T I e

ic.mn:mesj. = ["USA', 'Japan', 'Germany', 'India'] control & Data Flow of Code

@ Environment 1.1, 8.19 inal_prices = {} Simplifies Complex Operations

for country in countries:
m— . Text: lookup_phone_price, CodeAct 1, Germany exchange_rate, tax_rate = lookup_rates(country)
Action > local_price = lookup_phone_price("xAct 1", country)

JSON: {“"tool": "lookup_phone_price", "model": "CodeAct 1", "country”: "Germany"} )
converted_price = convert_and_tax(

@ Environment 700 Fewer Actions Required! ) tocal.price, exchange_rate, tax_rate
. shipping_cost = estimate_shipping_cost(country)
e Text: convert_and_tax, 768, 1.1, 8.19 final_price = estimate_final_price(converted_price, shipping_cost)
JSON: {"tool": "convert_and_tax", "price": 768, "exchange_rate": 1.1, "tax_rate": 6.19) final_prices[country] = final_price
@ Environment 9163 most_cost_effective_country = min{final_prices, key=final_prices.get)

most_cost_effective_price = final_prices|[most_cost_effective_country]

[ interactions omitted (look up shipping cost and calculate final price) print(most_cost_effective_country, most_cost_effective_price)

Action Text: lookup_rates, Japan Re-use ‘min’ Function from Existing
JSON: {"tool": "lookup_rates", “country": "Japan”} @ Environment 1.1. 8.19 Software Infrastructures (Python library)
[... interactions omitted (calculate final price for all other countries)...]
The most cost-effective country to purchase the smartphone model is Japan The most cost-effective country to purchase the smartphone model is Japan
@ Response @ Response

with price 964.606 in USD. with price 964.66 in USD.

e Can execute bash commands, Jupyter commands

* Faster resolution, higher success than direct tool use



Example: SWE-Agent

(Yang+Jimenez et al. 2024)

* Define specialized tools that make it possible to
efficiently explore repositories and edit code

@SWE-agent

Agent-Computer Interface

. N
ZE Computer

LM-friendly commands
</ Navigate repo QO Search files
= View files £ Edit lines

B3 Terminal

E= Filesystem
B sklearn/

LM-friendly
environment feedback

BB examples/
O README.rst

s

Observation (File Viewer)

[[File: solvers/diophantine.py (3093 lines total)]
(400 1ines above)
401 : el1f total_degree — 3:
402 : diop_type = "cubic_thue"
403
404 : elif (total_degree > 3):
405 : if all(coeff[k] = 1):
406 diop_type = 'general_sum_even'
407 .
408 .t diop_type 15 not None:
409 return var, coeff, diop_type
\(2684 Llines below)

. /

Response (Thought + Edit Action)

We need to add a check to ensure that all powers R

are the same. Let's edit the code to include this
check.

edit 404:407
elif (total_degree > 3 and
len(set(k.exp[k.1s_Pow])) 1):
1f all(Ccoeff[k] == 1):
diop_type = 'general_sum_even'

end_of_edit
\_ J




Example: OpenHands

(Wang et al. 2024)

 Defines “event
stream” for coding,
execution, and
browsing actions/
observations

* Implements SWE-
agents style actions
as "agent skills™ that
can be called

|= Event Stream
where all Action-0Observation(s) are tracked

[1] Message (source=user)
Can you create a list of numbers from 1to 10, and
create a web page to display them at port 5000?

[2] IPythonRunCellAction (source=agent)
Sure! Let me create a file first:
<execute_ipython>
create_file('app.py')
</execute_ipython>

[3] IPythonRunCellObservation

[File: /workspace/app.py (1 lines total)]
1]

[File app.py created. ]

[4] IPythonRunCellAction (source=agent)
| will write the Python code for starting a server.

<execute_ipython>
EDITED_CODE=\"\"\"[Omitted for Brevity]\"\"\"
edit_file(start=1, end=1, content=EDITED_CODE)
</execute_ipython>

[6] CmdRunAction (source=agent)

| have created a Python file "app.py " that will
display a list of numbers from 1 to 10 when you run
it. Let me run the server for you:

<execute_bash>

python3 app.py > server.log 2>&1 &

cat server.log

</execute_bash>

[5] IPythonRunCellObservation

[... Omitted for Brevity ...]

4 |®app.route('/')

5|def index():

6| numbers = list(range(1, 11))

7| return str(numbers)

[... Omitted for Brevity ...] [File updated.]

[71 CmdRunObservation
[1] 124
* Serving Flask app ‘app’
* Debug mode: off
WARNING: This is a development server. Do not
use it in a production deployment. Use a
production WSGI server instead.
* Running on http://127.0.0.1:5000
Press CTRL+C to quit

[8] BrowselnteractiveAction (source=agent)

The server is running on port 5000 with PID 124. Let
me browse to the page at http://127.0.0.1:5000
<execute_browse>
goto("http://127.6.6.1:5600")
</execute_browse>

[9] BrowserOutputObservation
(1, 2, 3, 4, 5,6, 7, 8, 9, 18]




Speculative Editing

(Cursor Team 2024)

¥ Jekyll-post.py
Change the arguments so that they're all lower-case

e Create a
draft edit N TS om T
With a def main():

parser = argparse.ArgumentParser(description='Create a new Jekyll post.')

|arg e/ parser.add_argument('title', help='the title of the post wrapped in quotes.')
parser.add_argument('-d', '=-dir', help='specify the directory (relative or absolute) that

Certainly! I'll modify the arguments to be all lowercase. Here's the updated section of the code with the changes:

expenSive parser.add_argument('-a', '--date', help='specify the post date in the format YYYY-MM-DD,

parser.add_argument('-n', '=-name', help='specify the name of the post file instead of the

parser.add_argument('~t', '—-tags', help='specify a set of tags for the post separated by

I I Odel parser.add_argument('-w', '—-write', action="store_true",

help='signals if this file should be opened for writing after creation')
args = parser.parse_args()
h | f'l if args.dir:
W O e I e filename = args.dir + '/' + filename

else:

with a
cheap
m O d e | Explanation of the changes:

1. Changed -D, =-Dir to -d, =--dir

2. Changed -d, --date to -a, -—date to avoid conflict with the new lowercase -d for directory

3. Updated the reference to to args.dir in the later part of the code



WebArena Agent

* Observation space

webarena.onestopshop.com

Patio, Lawn & Garden

Shop By B OB ltems1-120f320

Shopping Options
Category

Gardening & Lawn
Care( 168)

ure - -,
Price \\/ \y % 3
) 2 N
$0.00 - $999.99(311) ) /\ >
\ Z \ o
\ >
. P
7

$1,000.00 - $1,999.99(

$3,000.00 and above( \
1)

Compare Products  oqoor patio Folding Side Table

Square Metal End Table, Portable
Small Bistro Coffee Table, Green

ok kAk 12 Reviews

Shop Succulents | Assorted
Collection of Live Air Plants, Hand
Selected Variety Pack of Air
Succulents | Collection of 6

You have no items to
compare.

$21.96

My Wish List $49.99

v [

You have no items in
your wish list.

Screenshot

SortBy  Position v oA

ENEVOTX

Front Door Side Window Covering
Alligator and Cactus

Decor for Front Door Durable Fabric
Decor for Door Multi Size Door
Protector for Bedroom Home
Kitchen Party Decora tion

$38.00

e Action space

Keyboard: type

e0e webarena.onestopshop.com

<li>
<div>

<div class>
<a href="..."">Qutdoor Patio ...
</a>
<div>
<span>Rating:</span>
<div>
<span>82%</span>
</div>
<a href=*...#reviews'>12
<span>Reviews</span></a>

Text

Mouse: click, hover, scroll

<a href="..."><img src="..."></a>

[ webarena.onestopshop.com

RootWebArea ‘Patio, Lawn ..’

link 'Image'

img 'Image’
link 'Outdoor Patio..’
LayoutTable "

taticText 'Rating:’

generic '82%'

link '12 Reviews'
StaticText ‘$49.99'
button 'Add to Cart’ focusable: True
button '"Wish List’ focusable: ...
button 'Compare’ focusable: ...

Accessibility tree

Browser: New tab, go back



VisualWebArena Agent

Observations encoded as “set of marks”

/f/food

SAmusns  Comments Mt

+ Innmml Oolgatory Halloween Pumpiun Loaf
17,008 wt ¥y raeshates

v ienrmids

* [} altl M.olc Pecan Croessam
“",. Pt

¢ DM wwer s

+ [Homemade| Margherta pizzs
11,500 —— " .

* Y [Homemade| Sichuanese Sprcy Bee! Noods'
1,049 M )

¢

0 11 st

’ I uni Sushv platter

10, Hl ‘, vntnie i
s ]Homernode] Korean Fried Chicken

uu -

!—‘ [homemade] Belgian WatMes

s g by

[homn”dol Duhgarory Halloween Pumpkin Loaf!
et

/"'ﬂi -

“I'm trying to find
his post. Navigate

sl to the comment

4 section forit”

Moty s kg

—
i [t'orrer.de{ Margherita pizza
: £ 5 bbb ' rowts g
¥ cwmvartd
»

horrnﬂ,dnl Sichuaness Soacy Beef Noods!

v ko
llllll ‘
» [} nlcl hi platter
G 2 i":*_

de| Korean Fried Crucken

[Hom:
. i

4 sveevy

q n [homemade| Belgian WaMes

Webpage with SoM of Interactable Elements

Original Webpage

[7] [A] [Comments]

[8] [BUTTON] [Hot]

[9] [IMG] [description: picture of a pumpkin]
[10] [A] [kneechalice]

[11] [A] [45 comments]

SoM Elements and TextContent

LLM / VLM
Agent

click [31]




File Localization



| [ M-based Localization

* Finding the correct files given user intent

What problem or use case are you trying to solve?

When in confirmation mode it's not possible to give instructions in between
steps. You have to reject an action and it seems like it doesn't know that the
action was rejected.

Describe the UX of the solution you'd like

The simplest would be to have a third option, confirm action and wait. This way
the action is confirmed but before it tries to take the next step you are able to
give some feedback. Also if it somehow knows the action was rejected that
would be helpful as well so when you do reject an action it knows that action
wasn't taken.

https://github.com/All-Hands-Al/OpenHands/issues/4259

* Which JavaScript file should | modify?

* Analogous to environment understanding / exploration problems in other
agents



https://github.com/All-Hands-AI/OpenHands/issues/4259

Solution 1:
Offload to the User

* Experienced users familiar with prompting and the
project can specify which files to use

In .github/workflows/openhands-resolver.yml and .github/
workflows/openhands-resolver-experimental.yml, we should check to
make sure that all required environment variables are set before running any

additional workflows. If all of the variables are not set, we can fail immediately with
an error.

https://github.com/All-Hands-Al/openhands-resolver/issues/146



https://github.com/All-Hands-AI/openhands-resolver/issues/146

Solution 2:

Prompt the Agent w/ Search Tools

e e.g. SWE-agent provides a tool for searching repositories

L No Search

Agent performs manual search with 1s + cd, or
uses grep but struggles to interpret the result

First, | should list out all the
files in the codebase that may contain
the definition of PVSystem.

$ 1s
benchmarks/ setup.cfg
docs/ versioneer.py
pvlib/ README . md
setup.py

It’s most likely the source file is in
pvlib/ folder. Let's change directory.

$ cd pvlib/

Actions to show next/prev search result are
repeated many times until results are exhausted

L Iterative Search

| will use the “search_all" command

to find occurrences of "PVSystem”...

$ search “PVSystem”

([Result 1/15 (Line 70)]

23: _DC_MODEL_PARAMS = {
24: 'sapm': {

(97 more lines omitted)

.

[File: pvlib/pvsystem.py]
22:# a dict of required pa...

:

This is not the PVSystem class def...J

next

L Summarized Search

(1) Show all results in single output
(2) Tell agent to retry if too many results.

The next step is to locate the

‘PVSystem’ class in the codebase and
modify the constructor...

$ search "“class PVSystem”

(Found 1 matches for "class
PVSystem" in /pvlib-python:

/pvlib__pvlib-python/pvlib/
pvsystem.py (1 matches)

&End of matches

:

It's located in “pvlib/pvsystem.py"...
$ open pvlib/pvsystem.py




Solution 3:
A-priorl Map the Repo
* Create a map of the repo and prompt agent with it

* Aider repomap creates a tree-structured map of the
repo

* Agentless (Xia et al. 2024) does a hierarchical
search for every issue

B ) ~ ' 7
Olssuo Clssuo @lIssue: @lIssue:
m"“', n’kh“"“ m ll“ﬂlﬂlﬂlh ﬁ Lar .‘“, - II‘IIIIFIIB ﬁ l.ﬂllu, ""*“'F'“
some matrix expressions ’y expressions some matrix expressions some matrix expressions
Using lambdify on an ... Uchgklmbdllyonan Using lambdify on an ... Using lambdify on an ...
—_— — -~
( Lass RegexValid " i ef edit_matrix(): i
OProject Repo structure : e e localize to  Jees catenstrix0: . | Localize to
Codebase ciows/ Localize to def _eq_ Classes & Edit
VVVVV init_py Top-NFiles |_____static.py  Jpynctions  [function:esitnstrix] Locations
+ sr\f_ a class Handle ﬁ [ K y —
statigypy def :“"i'i“l“’"’ lezbe;:::E;ianenre
o gener‘ic-:/ e ' def _matrixify e ‘ ef load, o . '
; eneric/detail. :
de;:i:'pypy gl—py @ class ExtHandler :
— — class Truncator
edit. of t_cha .
ol Gef “runcate.neat class:Handler
. csrf.py ExtHandler
—




Solution 4: Retrieval-
augmented Code Generation

* Retrieve similar code, and fill it in with a retrieval-augmented
LM (e.g. CodeRAGBench, Wang+Asai et al. 2024)

* Particularly, in code there is also documentation, which can
be retrieved (Zhou et al. 2022)

_ from ents import * @

Generate HTML with p)v-‘thon@ N code zy?:r int (“ rgading docs”)

syntax highlighting for M’le\’er gengratvr s = highlight(code, PythonLexer(),
~A g Pad

“print(‘reading docs’)” HtmlFormatter())

Pygment is a generic syntax highlighter A formatter takes the token stream and writes it @
@ to an output file ...

A lexer splits the source into tokens, fragments ... class HtmIFormatter

Format tokens as /7ML 4 <span> tags with ...
class PythonLexer

For Python source code @)

e Unsolved issue: when to perform RAG in agent



Planning and Error Recovery



Hard-coded lask
Completion Process

* e.9. Agentless (Xie et al. 2024) has a hard-coded
progress of

e Fle Localization
e Function Localization
e Patch Generation

 Patch Application



| L M-Generated Plans

 LLM-generated planning step, then
 CodeR (Chen et al. 2024)

oNne or more executors

&,

’@&O . (6) genprating
&
&

Reproducer

Fault Localizer

Thought. For the given issue, I will ...

Action: create reproduce.py
Summary report.

if failure [=)

Editor

W

Thought: 1t’s time to localize possible ...

Action: python reproduce.py
Summary report.

Fault Localizer

Verifier

Z @ be analyzed :? @ selecting flﬂN @ be parsed and
s 4 'm i I M= executed
fssue Manager Task Graph

Collaboration

Thought: Check whether the issue has ...

Action: python reproduce.py
Summary report.

Verifier

if success

=

Thought: Now, I should edit the lines ...

Action: edit 743:743 ...
Summary report.

Editor




FIXINg Based on Error

Messages
* e.9. InterCode (Yang et al. 2023)

Single Turn «  Plan & Solve

r— Initial Msg. = Question =y Actlon Evaluate N Initial Msg.
@ You are helping a user who is . What is the d e h [<act1on> s @ [

L]et's understand the problem and devise

. ‘
n 1
. '
. 1
. '
[ - |

’ trying to do something ina country after ﬁrst ' plan... Then, let’s carry out the plan... :
» MySQL DB. Respond with the code and . ., .
: correct SQL command... first name... action :. Question '
T T L I L e :: j) | Whatis the country code and first name... :
. u Ly [ " Ll '
- Try Again " ReAct T R PN
" n n <plan> °*p
. == [nitial Msg. " Initial Msg. h : ' '
: @ You are a SQL code generator helping... :: @ Interact with a MySQL DB using SQL to... :: Execute Msg :
2 Your task is to interact with a MySQLDB... |, Use interleaving Thought, Action, Obs... n You will now execute your own plan. .
' n " Interact with a MySQL DB ueing SQL... "
X r— Question n Question n [
' . What is the country code and first name... | n . What is the country code and first name.. | n Agent 1
’ | 1 ! n <action> oo Upto 1
| ]} L ] 1

— Agent Agent = lan

- : ("]’. . = : ﬁ. . i Observation L7 P '
: <act1on>—| Up ton :: <thought> » <action> Up ton :: . cotd. Sutput>, <STeR> Iength :
. I— Observatlon times r Observation —l times g '
| [ | n 1
» h ‘ td. output, reuard) " h ‘ td. output> " . \]/ . :
- N2 . NJ @ Terminate whenplanis !
+ Terminate whenreward =1 !'Terminate when thought chain}! completed or :
: or exceeds n turns n finishes or exceeds n turns | n turns exceeded !



Safety



Coding/Web Models
can Cause Harm!

By accident

* The coding model accidentally pushes to your main
branch

* The coding model is told to "make the tests pass’,
so It deletes the tests

e Fills out and submits forms with fake personal info

* |Intentionally

e Coding agents can be used for hacking (Yang et al.
2023)



Safety Mitigation 1:
Sandboxing

@ Agent Runtime

where each Action execution
leads to an Observation

e \Ve can improve safety by limiting the pentands sutomatically sl

“action execution API” into user-
provided arbitrary docker images

execution environment Action

e c.g. OpenHands execute all the actions in retion Execution APL

° ® .
to; Interactive Python
(IPython) Server

Docker sandboxes
(@ Bash Shell

@ Browser

Playwright Chromium

Observation




Repository access

Also includes public repositories (read-only).

[ | [ | | |
[} O Public Repositories (read-only)
| | I O All repositories
. This applies to all current and future reposnories you own

Credentialing

* The principle of least privilege

 Example: GitHub access tokens

@® Only select repositories
Select at least one repository. Max 50 repositories.
Also includes public repositories (read-only)

[ Select repositories ~

Permissions

Read our permissions documentation for information about specific permissions.

Repository permissions 2 Selected
Reoosno’y permissions permit access to repositories and related resources

Actions (0

Workflows, workflow runs and artifacts.

Administration (O
Repository creation, deletion, settings, teams, and collaborators.

Attestations (0
Create and retrieve attestations for a repository.

Code scanning alerts (0)
View and manage code scanning alerts.

Codespaces (i)
Create, edit, delete and list Codespaces.

Codespaces lifecycle admin (O
Manage the lifecycle of Codespaces, including starting and stopping.

Codespaces metadata ()
Access Codespaces metadata including the devcontainers and machine type.

Codespaces secrets ()
Restrict Codespaces user secrets modifications to specific repositories.

Commit statuses (i)
Commit statuses

Contents (0
Reoosno’y contents, commits, branches, downloads, releases, and merges.

Custom properties ()
View and set values for a repository's custom properties, when allowed by the property.

Dependabot alerts ()
Retrieve Dependabot alerts

https://github.com/settings/tokens?type=beta

Access: No access v

Access: No access v

Access: No access v

Access: No access v

Access: No access v

Access: No access v

Access: No access v

Access: No access v

Access: No access v

Access: Read and write ~

Access: No access v

Access: No access v


https://github.com/settings/tokens?type=beta

Safety Mitigation 3:
Post-noc Auditing

* e.9. OpenHands security analyzer (Invariant Labs 2024)

Action

-
.
N
=

: OK NO
\/ X

Observation

 Using LMs, analysis, or both



Conclusion



summary

Copilots already very useful, code agents getting there

Current challenges: code LLMs, editing, localization,
planning, safety

Future directions:

e Agentic training methods
 Human-in-the-loop

* Broader software tasks than coding

Thanks! And you can try out agents yourselt

https://github.com/All-Hands-Al/OpenHands



https://github.com/All-Hands-AI/OpenHands

Questions?



