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Science Fiction Today

Yeah, there are some funny ones. I’d say 
there are about 86 that we should save. 
We can delete the rest.

Let’s start with your emails. You have several 
thousand emails regarding LA Weekly, but it looks 
like you haven’t worked there in many years.

Oh yeah, I guess I was saving those 
because in some of them I thought I 
might have written some funny stuff. 

Her, 2013 ChatGPT, 2025

Absolutely! I can help you get your inbox in shape. 
To tailor the advice a bit, could you tell me:

1. What email provider are you using? (e.g., 
Gmail, Outlook, Apple Mail)
2. Do you use any email apps (on desktop or 
phone)?

Thanks, but I want you to do it!

Please help me organize my emails.

Language Interfaces

I wish I could jump in and drag those emails into 
folders for you—but I can't directly access your 
inbox. I’ll guide you step-by-step, and we’ll 
get your inbox whipped into shape fast.



Tool Use



Sources of Tools

Application-specific software

Real-world APIs

Expert-designed functions



Creating Tools on-the-Fly

Zora Wang

Zora Zhiruo Wang, Graham Neubig, and Daniel Fried. “TroVE: Inducing Verifiable and Efficient 
Toolboxes for Solving Programmatic Tasks.” ICML 2024



Your task is to 
generate code to 
answer …

Answering Questions via Code Generation

What is the mean of vacation days?



What If No Useful Tools Exist Yet?

▸Can only solve problems using primitive actions, e.g., Python 
built-in functions

Or let the agents make 
new tools!

Prone to errors :(



Generating Reusable Tools



How does TroVE make tools?



How does TroVE make tools?

Creating Tools



How does TroVE make tools?

Importing Tools



How does TroVE make tools?

▸Using and growing the 
toolbox

▸Agreement-based selection

▸Periodic toolbox trimming



Evaluation on Programmatic Tasks



Example from GQA

from PIL import Image

image_file = "data/gqa/testdev_images/n313060.jpg"
image = Image.open(image_file).convert('RGB')

side = get_object_side(image, "leather bag")

print(side)

On which side of the picture is the 
leather bag?

def get_object_side(image: str | Image.Image, 
object_name: str) -> str:
"""Get the side of the image where the 

object is located.""”
...

Signature of Created Function

Solution



Example from GQA

from PIL import Image
from toolbox import locate_objects

def get_object_side(image: str | Image.Image, object_name: str) -> str:
"""Get the side of the image where the object is located.""”

boxes = locate_objects(image=image, object_name=object_name)

if isinstance(image, str):
image = Image.open(image).convert('RGB’)

image_width = image.width
object_center = (boxes[0][0] + boxes[0][2]) / 2

if object_center < image_width / 2:
return "left"

else:
return "right"

Created Function:



CodeLLaMa Performance w/ TroVE

▸Answer correctness (acc ↑)

▸Solution complexity (#ops ↓)



GPT-4 Performance w/ TroVE

▸Higher accuracy

▸Much smaller toolbox

▸GPT-4 performs 
comparably to 
CodeLLaMa-7B on 
GQA



Diverse Tools Across Domains

▸Varied function types across tasks Varied functionalities across 
datasets



Accurate, Efficient Human Verification 

10% more 
accurate

31.4 – 43.0% 
faster 

# get the row for each time stamp
row_2015 = df[df[“Year”] == 2015
row_2016 = df[df[“Year”] == 2016
# get the value for each time
value_2015 = row_2015[“Vacation days”].values[0]
value_2016 = row_2015[“Vacation days”].values[0]
# calculate the rate of change
rate = (value_2016 - value_2015) / 1

primitive solution TroVE solution

VS



TroVE: Takeaways

▸Programmatic tools enable accurate, concise solutions

▸Facilitates faster human verification

▸Naturally adaptive to various tasks/domains



Acting in an Environment

Jing Yu 
Koh

Shuyan
Zhou

Frank Xu

Shuyan Zhou and Frank Xu et al. WebArena. ICLR 2024
Jing Yu Koh et al. VisualWebArena. ACL 2024



Task: Navigate to the page of a good Thai restaurant in Pittsburgh. It should have at 
least 200 reviews and 4.3 stars. Pick the one with the highest rating.
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Why Web Agents?
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VisualWebArena (Koh et al., ACL 2024)
Benchmark for multimodal web agents

Simulators with Real-World Sites

WebArena (Zhou*, Xu* et al., ICLR 2024)
Standalone, self-hostable web environments



ActionsPOMDP environment:                               ,  

Observations
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Simulators with Real-World Sites
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Example Tasks



VisualWebArena: Task Distribution
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Long-Horizon Web Tasks Are Hard

▸Example Long-Horizon Task Each part requires many steps

Know how to do these 
atomic tasks a priori

create a repository named Great_DIY_ideas

that includes a README file 

with the links to the most active 6 DIY 
ideas on DIY subreddit?

skills

homepage new project fill name other setup

repo page add new file add content

main page goto forums find DIY active ideas



Inducing Agentive Skills via 
Workflows and Tools

Zora Wang

Zora Zhiruo Wang, Jiayuan Mao, Daniel Fried, and Graham Neubig. ”Agent Workflow 
Memory."
Zora Zhiruo Wang, Apurva Gandhi, Graham Neubig, and Daniel Fried. "Inducing 
Programmatic Skills for Agentic Tasks."



Skills: Reusable Subcomponents

Get the zip code of a place

Find a place by its name

Task Objective: Show me {location} on the map

Action Trajectory:

# To find the {location}, I will search for 

"{location}" on OpenStreetMap.                   

fill('145', {location})
click('147')

Task Objective: Tell me the zip of code of {location}

Action Trajectory:
To find the zip code of {location},  I will first search for {location} on 

OpenStreetMap. Once located, I will extract the zip code from the map or 

the associated information
fill('145', {location})
click('147')

Adopt the first few 
steps from earlier, 
easier workflows

send_msg_to_user("The zip code is {zip-code}")

Add more steps to 
build increasingly 
complex workflows

# The search results have provided multiple 

locations…. This location includes the zip code.



Learning Skills Online

▸Like our previous work, maintain a memory of skills induced so 
far

▸Induce skills from solved examples, add to the memory

▸Retrieve from the memory to use in solving new examples

Test examples 
passed in a stream

example 3
2

… …… …

grow 
over 
time
…

Continuously 
adding skills into 

agent memory

apply skills for 
test inference

induce1
example 1

example 2
2 apply

1Memory:



Online Learning of Skills Improves Performance

Zora Zhiruo Wang, Jiayuan Mao, Daniel Fried, and Graham Neubig. ”Agent Workflow Memory."



Inducing and Verifying Programmatic Tools

Zora Zhiruo Wang, Apurva Gandhi, Graham Neubig, and Daniel Fried. "Inducing Programmatic Skills for Agentic Tasks."

Trajectory Evaluation

Final state predicted to 
be correct? Skills used?

YES

N
O

pass

Memory



Results on WebArena
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Scaled-Up Web Activities

Baseline:

w/ Induced
Tools:



Results on Scaled-Up Web Activities
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Takewaways

▸Tools / skills / functions can be induced to capture shared 
sub-structure

▸Often more successful and more efficient!

▸But how to learn over very long time horizons (e.g. years of 
interaction)?

▸Toward human interaction and editing of learned skills



Thanks!

dfried@cs.cmu.edu
http://dpfried.github.io 

TroVE: https://github.com/zorazrw/trove
Agent Skill Induction: https://github.com/zorazrw/agent-skill-induction
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