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Al Code generation has transformed the way programmers
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Implement the cleanup function for the tranport stack. Do not make the upgrade
listeners optional

%6 Accept

pub(crate) struct TransportStack {
14: ListenerEndpoint,

tls: Option<Arc<Acceptor>>,

#[cfglunix
upgrade_listener:

Option<ListenFds>,
upgrade_listener.

: ListenFds,

impl TransportStack {
pub fn as_str(&:
.U.as_str

pub async fn listen(&mut -> Result<()>
.4

.listen
#[cfglunix)]

.upgrade_listeners. take(),
Some(self.upgrade_listeners. take(

.await

pub async fn accept(&mut -> Result<UninitializedStream>
let stream = .l.accept () .await?;

Ok(UninitializedStream {
4: stream,

tls:

.tls.clone(),

CHAT  COMPOSER
mod.rs

Could you make it easier to switch certificates in the transport listeners?

1'l help modify the code to make certificate switching more flexible. The main
changes will be to enhance the

trait and modify how certificates
are handled in the Here are the key changes:

#lasync_trait]
pub trait TlsAccept {

async fn certificate_callback(&self, ssl: &mut TlsRef) -> bo
false

async fn on_cert_error(&self, _error: &str

#[derive(Default)]

mod.rs




Design Engineering

(What do we build?) (How do we build it?)
| <I> I
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Created by Brickclay Created by WiStudio
from Noun Project from Noun Project



Two Software Design Processes

Feedforward Feedback

* One button

* Touch screen Design
* Soft
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Requirements

* One button

* Touch screen Design

* Soft
keyboard

Implement

Ship it

Product



The Waterfall Model: What could go wrong?

Requirements

* One button

device is so
slow it’s
unusable?

: .] How can we kee
s Up with the
competition?

Product
6



Iterative Design is a feedback loop.

Y Desi gn

Prototype

Product

Evaluate



Each feature needs to be iterated before moving on

g ' Design y ' Design

Prototype Prototype

Evaluate

Touch screen Soft keyboard One button

2 Product




Human-Centered Design: Two feedback loops

Observe Design
Person with Pesaacs
a challenge Hypothe3|z YP
Test Evaluate

Ideas Product

Understand the problem Solve the problem



Al Code generation isn’t enough to
create better software products...

We have to close feedback loops
between design and engineering.



Feedback Ioops are essential to all systems
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Bridging Design and Code with Gen Al

Design Code

' Code
Design: r‘i)

Code Editing Testing:
Widgets - Self-Debugging
rﬂ Code
Design: £ )
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et "~ Testing:

updatin
P g User simulation

Dynex

lterative Problem Specification o
Iterative Development

LogoMotion

o Self-debugging loop
lteration with Al Editing widgets &

Double Agents

o Testing with user simulation
lterating on designs with Al
suggestions



Bridging Design and Code with Gen Al

Design Code Dynex
f") - /") o lterative Problem Specification ‘
k - &_’ o lterative Development @



INPUT:
Problem
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Step 1: Create HTML
Structure
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Step 2: Implement
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DynEx: Agentic Assistance to Bridge Design and Code




Everyone wants Agents to Develop Software

Published as a conference paper at ICLR 2024 How we bUiIt Artifacts With CIaUde

Anthropic
95.3K subscribers

SWE-BENCH: CAN LANGUAGE MODELS RESOLVE
REAL-WORLD GITHUB ISSUES?

‘website for a dragon ice cream store
Dragon Ice Cream

Okay, let's start with a basic HTML structure for a website for a dragon ice cream store: f've set up a basic

e e e e TR e e
. * * . scheme to match the dragon theme. The main area has some weicome text. Next, we could add sections

Carlos E. Jimenez" 1>  John Yang™ 2  Alexander Wettig'? N e e a e e Welcome to Dragon ce Cream!

Shunyu Yao'?  Kexin Pei’ Ofir Press’”  Karthik Narasimhan'-? PRI e ey

!Princeton University ~ 2Princeton Language and Intelligence  *University of Chicago it o T A o e o i 5 i i

on medium screens, and three columns on large screens. Let me know If you'd iike to modify or add

Come and enjoy our fery debcous dragon-themed ice cream flavors.

anything eise to this section!

gradient background to the header and footer using the bg-gradi

3 ( ! it ) 2 Ropiaced the s graybackgruund of the e creem flevorbos {
£ Language Model = . combinations for each flavor. 3. Increased the padding and added -
© Issue guag E) Unit Tests ingthe 5-8" e ‘roundec-i ity classes. & Added a e box shadow 0 thefovor bos ing
; el o ks o s s o i i 5 ikt Dragon ca Cream
data leak in GBDT due to warm 0 0 e ofercarast Wit he it hochgrmrda. Thase chimgs sbes gvs the a8

start (This is about the non- Pre PR PostPR Tests

alty appealing and Dragon-themed look_ Let me know if you'd fike to make any other design
s or additions!

histogram-based version of... 11 Generated PR SR v join_struct_col
) Codebase [ y V' vstack_struct_col
sklearn
v dstack_struct_col
I sklearn/ O regs.txt D gradient_boosting.py > — s
B examples/ [ setup.cfg D helper.py o] v mantlx_trans-fnrm
D READMErst [ setup.py W utils B v euclidean_diff

00 what should w| n

Figure 1: SWE-bench sources task instances from real-world Python repositories by connecting
GitHub issues to merged pull request solutions that resolve related tests. Provided with the issue
text and a codebase snapshot, models generate a patch that is evaluated against real tests.




Can Agents do it by themselves? NO!

/blog

Introducing Devin, the first Al
software engineex

Subscribe
March 12, 2024

* Home Enterprise Pricing Customers About us 7 Careers? Blog~ Contact» Docs 7 Login~7

Devin is a tireless &
! P Pl o) 007/251540nt0 >
complete tasks fo

Debunking Devin: "First Al Software Engineer" Upwork lie e

e Intfrnet of Bugs o
9 73.7K subscribers

534,446 views Apr 9, 2024 ; i
Recently, Devin the supposed "First Al Software Engineer" was announced. The com
freelance jobs on Upwork, but it didn't show that at all.

apull request

UPDATE!": The original job poster of the Upwork task has made his own video!! Go w



Why do we need human interaction?

e Specify the problem and the } e & ity an
. objectives e resolve risks
solution et —]

e |Iteratively test modular pieces (or
prototypes) so errors don'’t
compound.

Review

Detailed
design

o Every problem has unknown aspects of
the environment where it will operate.

o We have to expect to find new
problems. -~

next iteration 3. Development
and Test

Implementation

We need to bridge design and implementation



There is a gap in going from an idea to a working solution

idea solution



We need to specific the problem! Who is the user?

ﬂ -
< P

Who is the target user?
W

idea solution




We need to specific the problem! What is the approach?

y Who is the target user?
W C
[ | [ |

What is the approach?

idea solution



We need to specific the problem! What is the interaction paradigm?

™
arFr 0

Who is the target user?

C

|}
[ | [ |
What is the approach?
N P
o
idea solution
1.

What interactions should it allow?
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Grounding

Design Exploration

o9

System Person Approach Interaction
User Belaction LLM dimension specification
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traditional learning methods
offer little aid to visual learners

@ incorporate visual images
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filled entries as context to
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Design Matrix: Help users specify the user, approach, and
iInteraction paradigm. Dimensions

Person Approach Interaction

. <

|
L
Levels of specificity “' | | J_I.

Person:ldea Approach:ldea Interaction:ldea

Person:Grounding Approach:Grounding Interaction:Grounding

Grounding




The Design Matrix uses Gen Al to suggest ideas and
grounding with respect to the other ideas/groundings
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@ incorporate visual images
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DynEx uses the already-
filled entries as context to
generate the response

User must generate the idea before grounding it, but can explore dimensions in any order.



User Interaction Paradigms

Table



User Interaction Paradigms

Card Swipe

Table Card Swipe



User Interaction Paradigms

9:41

Card Swipe

00 t &

Krissdin Waston

Cameran Willamsas ]

Ihoe Doe

Norma McCorey

Table Card Swipe News Feed



User Interaction Paradigms

qikify Chatbot

9:41
Vue Bot Ul
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Cameran Willamsas
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hor Doe
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— o

Table Card Swipe News Feed Chatbot

Norma McCorey




Implementation

Step List
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Siricture
Step 2: mplement
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Design Requirement Agent

PROJECT REQUIREMENTS

O apT i
Application Layout: Data Input Suggestions
Images - Divide the interface into three main sections: "Flashcards," "Quiz," and
"Progress," — Data Input
Faked Data - The "Flashcards" section displays the Chinese character/word along [
with its corresponding image for visual association. {
[0 charus - The "Quiz" section presents the character/word and image, prompting "id": 1,
the user to input the meaning. "chinese": "HFIJHX",
O Goss - The "Progress" section shows the user's performance metrics, such as "meaning": "I study Chinese",
T e e e accuracy rate and words mastered. "imagePath": "images/studying.jpg"
} ’
User Interactions: {
- In the "Flashcards" section, users can click through the flashcards to "id": 2,
study the character/word and its associated image. "chinese": "{R&F13?",

UPDATE SPEC UPDATE FAKED DATA



Dynamic lterative Implementation Agents

Step List

Step 1: Create HTML
Structure

Step 2: Implement
‘Flashcards’ Section

Step 3: Implement ‘Quiz’
section with spaced repetition

Step 4: Implement ‘Progress’
Section

Step 5: Integrate images
using GPT

Plan

Step 1: Create HTML
Structure

Code Output

Step 2: Implement
‘Flashcards’ Section

Javascript
HTML
css

Step 3: Implement ‘Quiz’
section with spaced repetition

Step 4: Implement ‘Progress’
Section

Step 5: Integrate images
using GPT

- System . User Interactions

Ul

-~

User
Testing

R—
£

ui1

sl

Approved Ul is saved in
states for each task




lterative Development with Step-by-Step Implementation

Project Spec
System generates
project spec

Steps

System breaks project
down into manageable
steps. User can
regenerate. The user is
currently on step 5

Add, Remove, Update
steps
Users can add, remove,
or update steps

G

B IMPLEMENTATION

REGENERATE STEPS

1) Set up the React apglication and create the main layout
with fhe three sactions: Flashcards’, ‘Cuiz’, and Progress'
Read in the pro-generatod datasel of Chinase
charactersiwords, their meanings. and associated images
from the endgoint

2) implement the Flashcards' section with a display for the
Chinose charactertword and its corresponding imaga. Allow
umars to click through the flashcards

1) implement the ‘Cuiz’ section with a display for the
Chinese characteriword and its associated image. Allow
uzers to input thor answer and reveal the comect meaning.
Integrate the spaced repetition system (SRS) algorithm to
datermine the optimal roview interval for each
characteriword based on the user's performance.

4) implement the Progress’ section lo display the user's
periormance metrics, such as accuracy rate and words
mastered. Incarporate cognitive science principles ike

interleaving and retrieval practice into the 'Quiz' section.

5) Call GPT o ganerate images for tha Chinese
characters/words and associate them with the
coresponding entries in the dataset. Display these imagas
in the 'Flashcards' and ‘Cuiz' sections.

O —
Call GPT to generate images far the
Chinese charactersiwords and T%

AUD STEF BENEATH REMUVE TASK
42 Shay

A

Allow users to see Mastered words in
Progress Section

REGENERATE CODE

[ Prutter Cuacr gr

10 MAages of O3S are showing ud i Quiz and fashcard secion

HEVERT 1O DRIGINAL

FLASHCARDS Quiz PROGRESS

Flashcards Section

Chinese Language Learning App

HERZER

Meanig | lke 20 13t appies

- W

Generate Code
Users generate code
for each step

Iteratate
Users can debug or
create different
versions of the Ul
within steps

Versions
Users can navigate
between versions
between steps

Code

Users can toggle to
view the code and
update it

ul
Users can interact
with the Ul



Modular Step-by-step Implementation

System breaks down implementation
plan into steps and generates code for
each step




Modular Step-by-step Implementation

System breaks down implementation
plan into steps and generates code for
each step

Users can add, remove, and update steps.
Steps provide a natural form of version
control.

V3
ve

Vi




Self-Invoking LLMs

Project Spec
System generates
project spec

Steps
System breaks project
down into manageable
steps. User can
regenerate. The user is
currently on step 5

Add, Remove, Update
steps
Users can add, remove,
or update steps

G

B \MPLEMENTATION

1) Set up the React application and create the main layout
with the three sactions: Flashcards’, ‘Cuiz', and Progress'.
Read n the pre-generated datasel of Chinase
characters/words, their meanings. and associated images
from the endgoint.

2) implement the Flashcards' section with a display for the
Chinose charactoriword and its corresponding imaga. Allow
umars to click through the flashcards.

1) implement the ‘Cuiz’ section with a display for the
Chinese characteriword and its associated image. Allow
uzers to input thor answer and reveal the comect meaning.
Integrate the spaced repetition system (SAS) algorithm ta
detarmine the optimal raview interval for each
characteriword based on the user's performance.

4) implement the ‘Progress’ section to display the user's
periormance metrics, such as accuracy rate and words
mastered. Incorporate cognitive soience principles ke
interleaving and retrieval practice into the ‘Quiz’ section.

5) Call GPT o ganerate images for tha Chinese
charactersiwords and asscciato tham with the
coresponding entries in the dataset. Display these imagas
in the 'Flashcards' and ‘Cuiz' sections.

Chinese charactersiwords and

TEF BENEATH REMUVE TASK

Usste S
"CaIGPThgmmnm:qnlovlﬁo

[ Ade Sher

Allow users to see Mastered words in
Progress Section

- Prther Cwac g,

HEGENERATE CODE

0 Mages or words are showing U In Quiz and fashcard secticn

CooE ul

ITERATE

HEVERT 1O DRIGINAL

FLASHCARDS Quiz PROGRESS

Flashcards Section

Chinese Language Learning App

BRERIZER

Meanig | lke 20 13t appies

e

Generate Code
Users generate code
for each step

Iteratate
Users can debug or
create different
versions of the Ul
within steps

Versions
Users can navigate
between versions
between steps

Code

Users can toggle to
view the code and
update it

ul
Users can interact
with the Ul



Self-Invoking Multi-Modal LLMs

Generative Al APIs are

powerful and versatile,

and excel at handling a
wide variety of tasks.

Our generated code can call
GPT to generate dynamic
data and create images.

We can create more
realistic applications that
can more accurately mimic
a user’s experience

D.h\




Examples



Movie Recommendation App

User Preferences
animated
zo0topia

Recommendations

RECOMMEND FROM WATCHLIST

Moana
Animation

iager sails o4t an 3 daring mission to save her pecple. Moans mests the ancemighty demigod Mau, who guides her in her
o 3 master way firder.

Finding Dory
Animation

+ WATCHUIST

The Secret Life of Pets.
PREZSCAR] e

7 atemer named . takes in Duke, @ i inssantly disilkes.
+ WATCHUST

" Kung Fu Panda

Animation

The Dragon Warror Tai 1 the balance. Hawsver, the Dragen Warror mantis s
o martial s

"\,ux: " . Inside Out
g P

nimatior
Atter young Riey Is uproated from her Midwess ife and moved to San Francisco, her emotions - Joy, Few, Anger, Disgust and Sadness - conflict on
how best to navigate a new city house, and schoal

+ WATCHUST

Movie recommendations
(and images) are made by
K%“D“:: — calling GPT within the app
NSAE to generate the related

s e movies dynamically

A VIEWDETAILS = REMOVE A VIEWDETALS = REMOVE



Book Recommendation App

Recommended Books

To Kill a
Mockingbird
Harper Lee

A classic story of

racial injustice and
the destruction of

> | childhood innocence

in the American
South, told through
the eyes of a young
girl.

7¢

yGLA GO

IR
———————

1984
George

Orwell

A dystopian
novel setin
a
totalitarian
future
society
where the
protagonist
wrestles
with
oppression
and state-
imposed
surveillance.

Search for Books

I |

Favorite Books

The Hunger Games by Suzanne Collins

Harry Potter and the Sorcerer's Stone by
J.K. Rowling

The Book Thief by Markus Zusak

Book recommendations,
images, and summaries
are made by calling GPT
within the app dynamically



Note-Taking and Sensemaking Application

Note Editor Notes

Search notes, categories, or tags

i need to do NLP homework

: M, 1
Educat } K C

NLP  Academic Work  Task

| need to call insurance and file my claims

Insurance  Claims ToDo  Urgent

Finance

SUBMIT

finish preparing technical evaluations and
prototypes

Task  Product Development  Engineering
technical evaluation  prototyping

task completion

i need to call the specialist doctor this
year

Health  Personal Tasks
Medical Appointment ~ Healthcare

Yearly Task

Chatbot

Ask a question or request insights

® susmIT

what schoolwork do i need to do
You

Based on your notes, here are the tasks
you need to do: 1. You need to do your
NLP homework (Category: Education,
Tags: NLP, Academic Work, Task) 2. You
need to call insurance and file your claims
(Category: Insurance, Tags: To Do, Urgent,
Finance) 3. You need to finish preparing
technical evaluations and prototypes
(Category: Task, Product Development,
Engineering, Tags: technical evaluation,
prototyping, task completion) 4. You need
to call the specialist doctor this year
(Category: Health, Personal Tasks, Tags:
Medical Appointment, Healthcare, Yearly
Task)

Chatbot

Clustering of notes
is done dynamically
with GPT



User Evaluation Research Questions

RQ1: [Divergence] To what extent does DynEx enable divergent exploration within
a problem space?

RQ2: [Convergence] To what extent does DynEx allow users to better develop
their ideas?

RQ3: [Implementation] To what extent does DynEx enable the code to realize a
complex idea?

RQ4: [Overall] To what extent does DynEx allow for a better prototyping
experience?



Claude

Initial UI

create a vi for book recommendations
Prompt A ° . .

Users prompt

Claude with their
initial idea. Claude
creates a Ul

Certainly! I'll create a React component for a book recommendations UL This
component will display a list of recommended books along with their details and a
simple rating system.

<> Book Recommendations Ul
Click to open component

I've created a React component for a book recommendations UL Here's a breakdown of
the component:

1. The BookRecommendation component displays individual book recommendations,
including:
« Title and author

« Description
o Star rating (using Lucide icons)
o Alike button that toggles when clicked

2.The BookRecommendations component renders a list of book recommendations
using sample data.

3. The Ul uses components from the shaden/ui library, such as Card and Button, fora
polished look.

4. Tailwind CSS classes are used for styling and layout.
5. The component is responsive and will adjust to different screen sizes.

To use this component, you would need to have the shaden/ui components installed in
your project. You can ¢ the book rec dations by modifying the
recommendations array inthe BookRecommendations component.

Would you like me to explain any part of the code in more detail or make any

modifications to the UI?
Iterate
Users iterate and
add features by
further chatting
and adding
prompts.

o i want a section to save my liked books

Certainly! I'll modify the component to include a section for saved (liked) books. We'll
add functionality to move liked books to a separate "My Liked Books" section.

Book Recommendations Ul with Liked Books Section

Click to open component

</>

I've updated the Book Recommendations Ul to include a section for liked books. Here

Chat
Users prototype

through chat Reply to Claude...

D Claude 3.5 Sonnet

) Book Recommendations UI v B
< Book Recommendations Ul ~ | Preview Code X
Book Recommendations
Artifact
Search books or All Users can Interact with the Preview and

view the code. However, they cannot
edit the code.

Recommendations

The Great Gatsby
F. Scott Fitzgerald

A classic novel about the American Dream in the
Roaring Twenties.

Genre: Classic

Y Like

To Kill a Mockingbird
Harper Lee

A powerful story of racial injustice and loss of
innocence in the American South.

Genre: Fiction

@Y Like

1984

George Orwell

A dystopian novel set in a totalitarian society, exploring
themes of surveillance and control.

Genre: Science Fiction

Versions
Users can view previous
@Y Like G verisons
c]
& Version30f3 B &  Publish



Results

e DynEx inspired new solutions, allowed users to explore a problem space,
and further developed users ideas (p=0.05 level).

e DynEXx enables users to create more complex, feature-rich, and intuitive
applications that emulate a true user experience (p=0.05 level)

Average Scores: Claude Artifact vs. DynEx

7

6

5

4

3 m Claude Artifact
5 M DynEx

1

0

Divergent Thinking ~ Convergent Thinking Idea Realization ~ Application Complexity

Average Score (on 1-7 Scale)

Metric Measured



P6 - Friend-Activity-Joining Application

"[DynEx] suggested many features... such as how to match people with friends, how to visualize
the friend-sharing [component], how to [join a friend’s] friend experiences, how to share
experiences with friends.. it created a pretty robust social ecosystem surrounding the calendar
experience."

"[DynEx] incorporated really different, very distinct Ul features that weren’t very connected to each other at
[face value] really well”



P8 - Concert Ticket Aggregator

‘It was intuitive. It was feature-rich. It had all the important features, like sorting by columns and
sorting by genre, value for money, etc... | liked the conciseness of the information... contrary to
[Claude Artifact’s] prototype which was... not-fit for this use case”



Design Code

Dynex: Bridging Design and Code A
D)

25 =

StepList Plan
s Person Approach Interaction i P, | Gode Output |— Ly [ ]
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Bridging Design and Code with Gen Al

Code LogoMotion

Design: ) S o Self-debugging loop
esting: : . b :
Widgets Self-Debugging o lteration with Al Editing widgets @



LogoMotion: Visually Grounded Code Generation and Repair

INPUT: STATIC LOGO IMPLEMENT CODE SELF-DEBUG VISUAL ERRORS IN CODE LOGOMOTION INTERFACE . LAYER REGROUPING
Option 1. Skier skies in from left... :’"‘: PRIMARY: Skier
var timeline =
anime. timeline( Emphasize skier entrance D
CARDINALS easing: 'e utExpo', CARDINALS
% Sync timing for mountains, lines -
+ 1+ SECONDARY: Mountains
timeline ¢ o
g 1 ] I T Drag and dropped new timing )
BUILD VISUAL GROUNDING CARDINALS E
Option 2. Skier drops into scene after... _—
.add( ——
tm“fe:(, T Option 3. Elements fall in like snow... ..l
opacit o, 1],
duration: 1000,
CARDINALS ime: I .
T . QUICK ACTIONS . PROMPT
_ . . R . il
- { VN TN [ RTIE ] [ ERBtIASEE } © Sje]en‘iitxgi:eestir;iskler do an interesting trick while EDIT
AUTOMATIC GROUPING .add( )
0s 058 108 158 20s 25 30 3ss
PRIMARY ELEMENT: Sk miets; b ! ! ! ! i i
: Skier . ' .
i 1 translateX: [-512, T Primary Hero moment. Skier skies in from the left with a tiny hop as
SECONDARY GROUPS translatev: [0, -20, it settles into position. o
¢ " 7 B
duration: 1000, Mountains slide in from both sides. Lines expand into place.
5 s Secondary
startTime: 3000 timeline.add({
); Merge targets: '4EHP',
’ "a"sutexf e e 7 Text animation. Cardinals text fades in
;“"SI_“EV;W;M' L . NARRATIVE TIMELINE and pulses as the skier lands.
uratiol 5

startTime: 3000});



https://arxiv.org/abs/2405.07065

Creating semantically meaningful motion is hard.
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Cars should drive Fans should spin UFOs should take off



Animation Uls are complex




Templates are too rigid



Human-agent interaction for animation
gives users control and freedom

AN

CARDINALS

INPUT OUTPUT
PDF HTML PAGE + ANIMATION CODE



Agents can automatically author an animation

INPUT: STATIC LOGO IMPLEMENT CODE

var timeline =
anime. timeline(
CARDINALS easing:

)i

timeline

BUILD VISUAL GROUNDING

ATIN
CARDINALS startTime: 0
3]
AUTOMATIC GROUPING .add(

targets: '#EWP',

PRIMARY ELEMENT: Skier translatex: [-512,

SECONDARY GROUPS translatev: [0, -20,

duration: 1000,
startTime: 3000
B;




Agents can automatically debug and repair animations

INPUT: STATIC LOGO

CARDINALS

BUILD VISUAL GROUNDING

AT

CARDINALS

AUTOMATIC GROUPING

PRIMARY ELEMENT: Skier

SECONDARY GROUPS

IMPLEMENT CODE

var timeline =
anime. timeline(

easing:

)i

timeline

.add(
targets: ['#RNZ',
“HOKT', ‘# ¥
opacit o, 1],
duration: 1000,
startTime: 0

)]

«add(
targets: 'HEWP',
translatex: [-512,

translatev: [0, -20,

duration: 1000,
startTime: 3000

SELF-DEBUG VISUAL ERRORS IN CODE

CARDINALS

Merge

timeline.add(
targets: 'H#EHP',

translatex: [-512, o],
translatey: [-20, 0],
duration: 1000,
startTime: 3000});




Agents Generate a Ul for Editing the Animation

IMPLEMENT CODE

INPUT: STATIC LOGO
var timeline =
anime. timeline(
CARDINALS easing: '
)i

timeline

~add(
targets: ['#RMZ',
‘HQKT', ‘#KUC'],
opacity: (e, 1],
duration: 1000,
startTime: 0

)

BUILD VISUAL GROUNDING

CARDINALS

«add(
targets:
translateX: [-512,

AUTOMATIC GROUPING

HEWP',
PRIMARY ELEMENT: Skier
SECONDARY GROUPS translatev: [0, -20,

duration: 1000,
startTime: 3000
)i

SELF-DEBUG VISUAL ERRORS IN CODE

CARDINALS

timeline.add(

Merge targets: 'H#EHP',
-512, o],

-20, o],

translateX:
translateY
duration: 1000,

startTime: 3000});

LOGOMOTION INTERFACE

Option 1. Skier skies in from left...
Emphasize skier entrance
Sync timing for mountains, lines
Drag and dropped new timing

Option 2. Skier drops into scene after...

Option 3. Elements fall in like snow...

4

CARDINALS

QUICK ACTIONS

PROMPT

Can you make the skier do an interesting trick while EDIT

- LAYER REGROUPING

1+ PRIMARY: Skier

=

155

EEEEERE

the text comes in?

2.55 20s 355
T

T T

05s 108
T

0s

Hero moment. Skier skies in from the left with a tiny hop as

Primary : i€
it settles into position.
I
Mountains slide in from both sides. Lines expand into place.
Secondary
Text animation. Cardinals text fades in
and pulses as the skier lands.

NARRATIVE TIMELINE




Agents visual understand the input.

CONVERT PDF (IMAGE LAYERS) > HTML

IMG LAYERS

2
7
INPUT PDF )

57



Agents label the parts of the input

CONVERT PDF (IMAGE LAYERS) > HTML

INPUT PDF

CARDINALS

— e

X7
5&\

IMG LAYERS

i =i

BN

— | CARDINALS

GPT-4-V

CAPTION

—>

CAPTIONS

“Simple blue
mountain
graphic”

“Icon of person
skiing”
“Semi-circle

in shades of
blue”

“CARDINALS"

“Blank blue
background”
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CONVERT PDF (IMAGE LAYERS) > HTML

INPUT PDF

CARDINALS

IMG LAYERS

Agents represent the input as HTML

— | CARDINALS

| GPT-4-V |

CAPTION

—>

CAPTIONS

“Simple blue
mountain
graphic”

“Icon of person
skiing”

“Semi-circle
in shades of
blue”

“CARDINALS"

“Blank blue
background”

HTML

<img alt="Simple blue mountain
silhouette graphic" id="DXJ" src="{ur
position: absolute; i

Icon of person skiing”
src="{url}" style="position:
absolute; width: 96.8px; height:
left: 41.1%;
I

<img alt="Sem cle in shades of blue"
id="PLI" src="{url}" style="position:
absolute; width: 279.9px; height
140.4px; left: 22.7%; top: 27.4%; z-
index: H

<img alt="CARDINALS" id HZ"
src="{url}" style="position: absolute;
width: 280.0px; height: 53.8px; left:
22.7%; top: 56.8%; z-index: 1; "/>

Blank image"

STATIC LOGO IMAGE
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Augment the HTML with visual analysis
Primary, secondary visuals, text, background, etc

CONVERT PDF (IMAGE LAYERS) > HTML

IMG LAYERS

INPUT PDF

GPT-4-V |

CARDINALS

— CAPTION

— | CARDINALS

—>

CAPTIONS

“Simple blue
mountain
graphic”

“Icon of person
skiing”

“Semi-circle
in shades of
blue”

“CARDINALS"

“Blank blue
background”

HTML

<img alt="Simple blue mountain
silhouette graphic" id="DXJ" src="{url}"
position: absolute; i
height: 54.6px;
; z-index: 4; "

Icon of person skiing"
src="{url}" style="position:
width: 96.8px; height:

left: 41.1%;

id="PLI" src="{url}" style="position:

absolute; width: 279.9px; height:
140. 4px left: 22.7%;

index: » —

<img alt="CARDINALS" id="PHZ"
src="{url}" style="position: absolute;
width: 280.0px; height: 53.8px; left:
22.7%; top: 56.8%; z-index: 1; "/>

Blank image"

STATIC LOGO IMAGE

CLASSIFY

AUGMENT HTML WITH IMAGE ANALYSIS

CLASSIFIED ROLE

SECONDARY
Group 1

PRIMARY

—  Faces: Right —d

Enter: From Left

SECONDARY
Group 2

> | TEXT —

—> | BACKGROUND | —

AUGMENTED HTML

€«— Group —
<img alt="Simple blue mountain silhouette
graphic.” class c id="DX3"
src="{url}" style="position: absolute; width:
113.0px; height: 54.6px; left: 55.3%; top:
44.1%; z-index: 6; />

<img alt="Simplified light blue mountain
silhouette."”

clas econdary” id="KXR" src="{url}"
style="position: absolute; width: 113.0px;
height: 54.6px; left: 22.7%; top: 44.1%; z-
index: 2; "

ilhouette of person skiin
class="F ' id="OWE" src="{url}
style="position: absolute; width: 96.8px;
height: 109.4px; left: 41.1%; top: 33.6
index: 5; "/>

<img alt

«— Group —
<img alt
src="{url position
280.0px; height: 53.8px; left:
56.8%; z-index: 4; "/>

<img alt="SKI CLUB" cla "1 id="IKP"
src="{url "position: absolute; width:
80.2px; height: 19.7px; left: 22.8%

67.4%; z-index: 3; "/>
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Agents suggest a designh concept.

SUGGEST DESIGN CONCEPT

CARDINALS

STATIC LOGO IMAGE

4— Group —
<img alt="Simple blue
ain sil

HTML from

DESIGN CONCEPT

SUGGEST

For the animation of the primary element,
the silhouette of the person skiing, you
could create a motion that replicates the
dynamic movement of a skier descending
a slope

The skier could begin off-screen on the
left side and then slide into view along a
curving, downward path that mimics the
action of skiing down a slope.

Hero Moment:

-Once the skier reaches its intended
position within the logo (as in the static
version), you could add a brief pause or a
slight bouncing effect to emphasize the
landing...

Sequence with Other Elements:

-The background elements, such as the
mountain silhouettes and the semi-circle,
should fade in first to set the scene. They
could do this with a soft opacity reveal,
starting from the top to the bottom of the
composition.
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Agents implements animation code.

SUGGEST DESIGN CONCEPT IMPLEMENT ANIMATION CODE
ANIMATION CODE
DESIGN CONCEPT
For the animation of the primary element, bt t(i)"'::i":f anime. timeline({ easing:
- o easeOutExpo’,
CARDINALS the silhouette of thg person sk{tng, You }); // Begin by animating the background element which
4 “ could create a motion that replicates the CARDINALS is the sky
dynamic movement of a skier descending
a slope timeline.add({ targets: '#wQo0',

STATIC LOGO IMAGE

4— Group —
<img alt="Simple blue

absolute;
height

HTML from

SUGGEST

The skier could begin off-screen on the
left side and then slide into view along a
curving, downward path that mimics the
action of skiing down a slope.

Hero Moment:

-Once the skier reaches its intended
position within the logo (as in the static
version), you could add a brief pause or a
slight bouncing effect to emphasize the
landing...

Sequence with Other Elements:

-The background elements, such as the
mountain silhouettes and the semi-circle,
should fade in first to set the scene. They
could do this with a soft opacity reveal,
starting from the top to the bottom of the
composition.

STATIC LOGO IMAGE

implified light
blue mountain silhouett,

absolute; width: 113.0px;
height: 54.6px;

HTML from

For the animation of the
primary element, the
silhouette of the person skiing
you could create a motion...

DESIGN CONCEPT from

IMPLEMENT

}); // Animate the mountains to 'rise' up

timeline.add({
[

animations for individual targets },
with the previous animation

lines

timeline.add({
ex: [

"CARDINALS"

timeline.add({

)i

timeline.add({

timeline.add({

targets: ['#DXJ', '#IOR'],

// Stagger the start times of

targets: ['#mMvx', '#OFQ'l,

Seve [0, 1
b ); // Animate the text

targets: '#CZF',

HSNT', ra X
easing: 'easeOutExpo’,

targets: '

*easeOutCubic’
‘easeQutCubic' },

); // Overlap
// Slide in the horizontal
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Agents can also detect a fix animation errors

OUTPUT WITH ERROR SELF-DEBUGGED OUTPUT



Self-debugging agents check for errors.

BUG IS DETECTED AND DESCRIBED

AR

CARDINALS

Image Pair

TARGET FRAME LAST FRAME

" Bug Description
Position is off.

anime.timeline({ easing:
'easeQutExpo’, duration:

1)

.add({ targets: 'HOWE’,
translateX: [-512, o],

Code with Bug

scale: [0.5, 1], opacity: [e,
1], duration: 1500, offset:
'-=750" });




Self-debugging agents check for errors.

BUG IS DETECTED AND DESCRIBED

AT

CARDINALS

TARGET FRAME LAST FRAME

" Bug Description
Position is off.

Image Pair

anime.timeline({ easing:
'easeQutExpo’, duration:

1)

.add({ targets: 'HOWE’,
translateX: [-512, o],

Code with Bug

ISOLATED CODE FIX IS GENERATED

.add({ targets: 'HOWE’,
translateX: [-512, o],
translatey: function() {

GPT-4-V scale: [0.5, 1],

opacity: [o, 1] b
duration: 1500, offset:
'-=750"' });

scale: [0.5, 1], opacity: [e,
1], duration: 1500, offset:
'-=750" });

Code with Bug

Fixed Code Snippet —
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Self-debugging agents check for errors.

BUG IS DETECTED AND DESCRIBED ISOLATED CODE FIX IS GENERATED FIX MERGED INTO ANIMATION CODE ———

AT

Image Pair

Fixed Code Snippet

anime.timeline({ easing:
'easeQutExpo’, duration:
750 });

CARDINALS Ladd({ targets: 'HOWE’, // Add animations to the
translateX: [-512, ol, timeline timeline .add({
TARGET FRAME LAST FRAME translateY: function() { targets: '#WQO0’, opacity:

Position is off.

Bug Description

anime.timeline({ easing:
'easeQutExpo’, duration: 750

1)

.add({ targets: 'HOWE’,
translateX: [-512, 0],

scale: [0.5, 1], opacity: [e,
1], duration: 1500, offset:
'-=750" });

Code with Bug

GPT

scale: [0.5, 1],
opacity: [o, 1] b
duration: 1500, offset:
'-=750"' });

Code with Bug

[0, 11, scale: [0.5, 1],
duration: 1000 })

.add({ targets: '#DXJ’,
‘BKXR’, opacity: [o, 1],
scale: [0.5, 1], duration:
1000, offset: '-=750' //
Start 750ms before the
previous animation ends })

.add({ targets: '#OWE’',
translateX: [-512, o],
translateY: function() {

scale: [0.5, 1],
opacity: [0, 1] },
duration: 1500, offset:
=750 });
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Agents activate an editing Ul for users to improve
animations or explore new ones.

Exploration Tree

OPTION ONE: SKIER SKIES INTO THE SCENE FROM THE LEFT,

CARDINALS

SKI CLUB

§ DELETE REDO TIMING | | can you make the skier do a front somersault and have a cool kickback in midair before they land?

lide in the left mountain silhouefSlide in the right mountain
from the left side ilhouette from the right side

'Slide in the teal rectangle from the
right side

MOUNTAINS AND LINES COME FROM OPPOSITE SIDES. E 7 L]
DRAGGED AND DROPPED MOUNTAIN GRAPHIC.
SKIER ENTERS FROM LEFT WITH SLIGHT OSCILLATION
SPEED UP ANIMATION
DRAG AND DROPPED BLUE LINE AND TEAL RECTANGLE
ELEMENTS.
DRAGGED BLUE LINE GRAPHIC AND TEAL RECTANGLE
SHAPE
SYNC SECONDARY ELEMENTS
MAKE SKIER PERFORM MORE INTERESTING ACTIONS
OPTION TWO: SKIER DROPS IN, ALL ELEMENTS SETTLE IN LIKE
SNOWFALL
Edit Timeline
SUBTLE || EMPHASIZE SYNCHRONIZETIMING || <4 SLOWER || »» FASTER || A& FixISSUES
s 10805 k
Primary
Secondary
Text
Backgound  Fade in the background square Slide in the teal semicircle from the

op

Layers LABEL  GROUP  iGENERATE  ~recroup [N

v {1 Text Group

CARDINALS

SKI CLUB

¥ {1} Background Group

M ;) semicircie shape graphic
Solid light blue square shape.

v {J Primary Group

lilustration of a skier skiing.

v ©} Secondary Group

Thin horizontal blue line graphic.

Solid horizontal teal rectangle shape

v 1 Secondarv Groun

EDIT ANIMATION

Small pulse on all elements to end
©on a synchronized note

Small pulse on all elements to end
‘©on a synchronized note



A timeline widget can reorder animation blocks and
adjust timing

Edit Timeline
SUBTLE || EMPHASIZE || %; SYNCHRONIZE TIMING ‘ «4 SLOWER || »» FASTER | A FIXISSUES || W DELETE || REDOTIMING || can you make the skier do a front somersault and have a cool kickback in midair before they land? EDIT ANIMATION
s . 9005 2000, J050s foco,
Primary
Secondary lide in the left mountain silhouefSlide in the right mountain Slide in the teal rectangle from the Small pulse on all elements to end
from the left side ilhouette from the right side  fright side ‘on a synchronized note
Text
Background Fade in the background square Slide in the teal semicircle from the| ‘Small pulse on all elements to end

op ©on a synchronized note




Options Layers |[NELEEEERLT

GENERATE ~MREGROUP
OPTION ONE

w [J Text Group
N T [
OPTION TWO CARDINALS

OPTION THREE E’] | V a

OPTION FOUR

SKI CLUB

{3 Background Group

- Teal semicircle shape graphic

Solid light blue square shape.

CAR D | N A I_S v [ Primary Group

Illustration of a skier skiing

w [ Secondary Group

Thin horizontal blue line graphic

Salid_horizantal teal rectannle shane



https://docs.google.com/file/d/1lWjYlJeR6qF4ZXr6NEOB8TMgfemkZeWL/preview



https://docs.google.com/file/d/17lVCfPZzclwNDj_UPueInwks2lhdCeGT/preview

A grouping widget can synchronize
motion and timing of elements

Layers LABEL  GROUP  JiGENERATE  ~wREGROUP
v [} Text Group

CARDINALS

SKI CLUB

v ©J Background Group

M ., scnicirce shape graphic

Solid light blue square shape.

} Primary Group

lilustration of a skier skiing.

Secondary Group

Thin horizontal blue line graphic.

Solid horizontal teal rectangle shape

1 Secandary Groin



Options

Layers [EVEEREER-LTT ENERATE  ~MREGROUP
ORTION ONE v [J Text Group
OPTION TWO > ra [} " CARDINALS
OPTION THREE {:}
OPTION FOUR

SKI CLUB
PERFORM A TRICK AFTER ENTERING

v [ Background Group

SYNCHRONIZE BACKGROUND WITH
SECONDARY ELEMENTS

Teal semicircle shape graphic

DELETED ELEMENT 'EXPANDS FROM
THE CENTER TO FILL THE &

REEN

Solid light blue square shape

CARDI NALS " © prmay o

lllustration of a skier skiing

Secondary Group

Thin horizontal blue line graphic

Salid horizontal teal rectannle shana



https://docs.google.com/file/d/17JC8SeE3SVRUboF27lvypfqBhWXGtNd5/preview



https://docs.google.com/file/d/1SmoUesN5jaKfNyvrIEewh6xLPSdskauA/preview

Exploration Tree

A version tree allows users to
review and select animations.

OPTION ONE: SKIER SKIES INTO THE SCENE FROM THE LEFT,
MOUNTAINS AND LINES COME FROM OPPOSITE SIDES.

DRAGGED AND DROPPED MOUNTAIN GRAPHIC.

SKIER ENTERS FROM LEFT WITH SLIGHT OSCILLATION

SPEED UP ANIMATION

DRAG AND DROPPED BLUE LINE AND TEAL RECTANGLE
ELEMENTS.

DRAGGED BLUE LINE GRAPHIC AND TEAL RECTANGLE
SHAPE

SYNC SECONDARY ELEMENTS

MAKE SKIER PERFORM MORE INTERESTING ACTIONS

OPTION TWO: SKIER DROPS IN, ALL ELEMENTS SETTLE IN LIKE
SNOWFALL




Animation Agents produce semantically
meaningful animations.

> NIGHT _
CLUS K

DJ MAXWELL

" Vf
f /| \
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i
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Program Repair Enables a 95% Solve Rate.

Solve Rate

10

0.9 1

0.8 -

0.7 A

0.6

0.5 |

0.4 |

0.3

Visual Error Solve Rate vs. k Across All Runs

— Program Repair (+Images)
Program Repair (-lmages)

1 2 3
k = Attempts Allowed for LLM on Each Visual Error

4
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EVALUATION 3: ANIMATION EDITING

Editing Agents helped users explore more animations
and craft better iterations than a baseline.

Exploration: LogoMotion vs. Baseline Iteration: LogoMotion vs. Baseline
20 A 12
=
RS
© i
2 g
P 4 C
= 15 <
E @
< 5 8]
© o)
g 10 { g
o o
£ £ 69
=} c
z ©
[a
7 1
5 g 4
c
o
-

Baseline LogoMotion Baseline LogoMotion



“It's really cool especially for someone who couldn’t do it without this
tool and wouldn't spend a lot of time with Youtube videos or tutorials
to do the very basics.” -P2



Code
/ﬂ

Testing:
Self-Debugging

Design:
Code Editing
Widgets

LogoMotion induces feedback with:
1. Self Debugging
2. Code Editing Widgets

LAYER REGROUPING

INPUT: STATIC LOGO IMPLEMENT CODE SELF-DEBUG VISUAL ERRORS IN CODE LOGOMOTION INTERFACE
Option 1. Skier skies in from left... 771 PRIMARY: Skier
var timeline =
anime. timeline( Emphasize skier entrance D
CARDINALS easing: ' CARDINALS
)i Sync timing for mountains, lines
SECONDARY: Mountains
timeline 4
g [ | Drag and dropped new timing
BUILD VISUAL GROUNDING CARDINALS
Option 2. Skier drops into scene after. _—
.add(
targets: ['#RMZ®, .
“HOKT', ‘#KUC'], Option 3. Elements fall in like snow...
duration: 1000,
CARDINALS K ey A e
e QUICK ACTIONS . PROMPT
[ UNE TRiING ETIE ] { ERBASTE [ &aentigtjgifeestir;i skier do an interesting trick while EDIT
AUTOMATIC GROUPING .add(
0s 058 158 208 255 308 358
PRIMARY ELEMENT: Sk tamen MR ! ! ! i
H r . . 1 .
o translatex: [-512, Primary Hero moment. Skier skies in from the left with a tiny hop as
SECONDARY GROUPS translatev: [0, -20, it settles into position. o
i
duration: 1000, Mountains slide in from both sides. Lines expand into place.
5 e Secondary
startTime: 3000 timeline.add({
Merge

targets: 'HEHP',

translatex: [-512, 0],
translatey: [-20, 0],
duration: 1000,
startTime: 3000});

NARRATIVE TIMELINE

Text animation. Cardinals text fades in
and pulses as the skier lands.



Bridging Design and Code with Gen Al

—~ Code Double Agents
gﬁﬁg‘: &') o Testing with user simulation
updating Testing: o lterating on designs with Al

User simulation Suggestions ‘



DoubleAgents

Al Agents for Task Completion and Human Simulation

Karthik Sreedhar, Alice Cai, Jenny Ma, Jeffrey V. Nickerson, Lydia B. Chilton.
Simulating Cooperative Prosocial Behavior with Multi-Agent LLMs: Evidence and Mechanisms for Al Agents to Inform Policy Decisions.
Ul 2025.

Tao Long, Xuanming Zhang, Sitong Wang, Jenny Ma, Karthik Sreedhar, Lydia B. Chilton
Double Agents. Al Agents for Task Completion and Human Simulation.
In preparation.



Several Studies have shown that Al can accurately replicate human behavior

Simulating Strategic Reasoning: Comparing the Ability of Single LLMs and
Multi-Agent Systems to Replicate Human Behavior

Karthik Sreedhar
Columbia University
ks4190@columbia.edu

Lydia Chilton
Columbia University
chilton@cs.columbia.edu

Abstract
N When creating policies, plans, or designs for people

Using Large Language Models to Simulate Multiple Humans
and Replicate Human Subject Studies

Gati Aher! Rosal. Arriaga’ Adam Tauman Kalai?

Abstract trolled experiments, and we thus av

It replicates published studies of
economic games

Predicting Results of Social Science Experiments
Using Large Language Models

Luke Hewitt”!  Ashwini Ashokkumar™ Isaias Ghezae! Robb Willer!

I'Stanford University ~ *New York University
“Equal contribution, order randomized

August 8, 2024

Abstract

To evaluate whether large language models (LLMs) can be leveraged to predict the

results of social science experiments, we built an archive of 70 pre-registered, nationally rep-
ive, survey i in the United States, involving 476 experimental

treatment effects and 105,165 partici We an advanced, publicly-availabl

And 80% of of 70+ published and
unpublished psychology games




Agents who “Observe”, “Think” and Act
can engage in “realistic” human activity, like organizing a party

Joining for coffee at a cafe

Takmg awalk i
in the park |
| I [Abigail]: Hey Klaus, mind if
[ I join you for coffee?
[Klaus]: Not at all, Abigail.

How are you?

[John] : Hey, have you heard
anything new about the
upcoming mayoral election?
[Tom] : No, not really. Do you
know who is running?




We use Al to accurately simulate
complex behavior outside of the lab



Classroom Simulation

There is one professor and 3 students:

The professor announces one of three late policies to the class ahead of a simulation:
(1) harsh
2) some leniency
(3) very lenient




Classroom Simulation

There is one professor and 3 students:
Overachiever Q) Q Procrastinator

of &

“"Work-Life-Balance”

Students are assigned one of three “personality” traits.



Classroom Simulation

There is one professor and 3 students:

|10

— B —E=
— 1 =

Professors assign weekly homework,
students work on it and turn it in.




Classroom Simulation

There is one professor and 3 students:

@) (@) A Challenging Assignment

|10

EE

l i i An Unrelated Midterm

We also add stressors to the simulation to see what affects it has on behavior.



Classroom Simulation

There is one professor and 3 students:

Professor's Office Classroom Workroom O
= @ &5

Students can enter the office to speak to or ask the professor questions.




When we add stressors, we see behaviors consistent with real students

There is one professor and 3 students:

Can | look at your
homework...

~—

Professor's Office Classroom Workroom o O
. @ 5

1) Cheating. Procrastinators ask overachievers if they can “look at their
homework”
2)  Students email the professor pleading for extensions.




Since Al can simulate human behavior inside and outside the lab,
it can provide human feedback to test software systems!

Simulating Strategic R Comparing the Ability of Single LLMs and
Multi-Agent Systems to Replicate Human Behavior

Simulating Cooperative Prosocial Behavior with Multi-Agent

Karthik Sreedhar Lydia Chilton . H o 3
Cotmmbis Dotoeraty ooty Univarsty LLMs: Evidence and Mechanisms for Al Agents to Inform Policy
ks4190@columbia.edu chilton@cs.columbia.edu De Ci S io ns
Karthik Sreedhar Alice Cai Jenny Ma
ks41 lumbia.edu i harvard.edu jm5676@columbia.edu
Columbia University Harvard University Columbia University
= New York, New York, USA Cambridge, Massachusetts, USA New York, New York, USA
" Model PR .
Using Large [ € to Si N Mll!tlple Humans Jeffrey V. Nickerson Lydia B. Chilton
and Replicate Human Subject Studies jnickers@stevens.edu chilton@cs.columbia.edu
Stevens Institute of Technology Columbia University
Hoboken, New Jersey, USA New York, New York, USA
Gati Aher' RosaL. Arriaga® Adam Tauman Kalai’ R - .
Predicting Results of Social Science Experiments There is one professor and 3 students: pE—
Using Large Language Models fomeherk
Professor’s Office Classroom Workroom 0 O

Luke Hewitt"!  Ashwini Ashokkumar™ Isaias Ghezae! ~Robb Willer! %

IStanford University ~2New York University
“Equal contribution, order randomized

August 8, 2024

Abstract 1)  Cheating. Procrastinators ask overachievers if they can “look at their
To evaluate whether large language models (LLMs) can be leveraged to predict the homework”
results of social science experiments, we built an archive of 70 pre-registered, nationally rep- v 5 .
resentative, survey experiments conducted in the United States, involving 476 experimental 2) Students email the Pro{esso rep leading for extensions.

treatment effects and 105,165 participants. We prompted an advanced, publicly-available




DoubleAgents

Al Agents for Task Completion and Human Simulation



Human Coordination Problems (HCPs).

Warehouse.
Resource discovery.
Constraints. Availability.

Priority-based allocation.

Dynamic scheduling.
Optimization. Bipartite matching.

Real-time adjustments.

Uncertainty & adaptability



LLMs Agents drive real-world impact by taking action.

Tool / API1 / function calling to take actions.
GPT Operator / Claude Computer Use.
Orchestration

Workflow automation, task execution.
Human-in-the-loop systems & interfaces.

Action planning, execution, replanning...



DoubleAgents uses agents in a
feedback loop to solve HCPs.

X
o
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Agents design policies for

Assigning work fairly
Negotiating with workers’ availability

Agents Implement

Work Assignments

Including contacting workers for
availability questions and
negotiation.

Al suggests
revised policies
when tests fail.

A human planner
must approve new
policies.

Simulations Evaluate Solutions

Test the planner for multiple scenarios of
human available.

Vary human communication styles,
responsiveness, etc.



Example scenario:
Speaker scheduling for research seminars.



Example scenario:
Speaker scheduling for research seminars.

1:1 relationships (A speaker can only speak at 1 seminar slot.)
Availability constraints, preferences, and priority availability
Varied response times (some people never respond, some reply instantly)

Extensive email communication (confirmation, request for additional availability,
etc)

Multi-thread tracking email and sequential email follow-ups



Example scenario:
Speaker scheduling for research seminars.

Example: /3 speakers @- -@ 3 slots >

As an organizer:

How should we
allocate speakers to slots?

What information / constraints
should we consider during allocation?




/. 3 speakers

Speaker A

@ Speaker B

Speaker C

3

EEE

17 3 slots
SLOT Slot 1
SLOT Slot 2
SLOT Slot 3




Speaker A

Speaker B
® Speaker C

What'’s your
availability
for Slots 1
2, or 37




Easy Case: No conflicted availability



Easy Case: No conflicted availability

Allocation Done M.

SLOT Slot 3

3 @



_ | Medium Case: Conflicted availability

Allocating Failed

Speaker A SLOT Slot 1 o . o
“ | now prefer coming 1 @ @ @
on Slot1.”
Speaker B SLOT Slot 2 o o
“ ’m available for 9 @ @(
all three slots! ”
Speaker C SLOT Slot 3 -
“| can come on @
Slot 1 |9

()




| Medium Case: Conflicted availability - must update policies

Speaker A

“1 now prefer coming
on Slot 1.”

Hey A! We have a
conflict. Can you
do Slot 2 or 3 by

any chance?

In our model, speakers' first-round disclosure of
availability reflects their preferred slots.

We may resolve conflicts by asking for their
additional alternative availability.




| Medium Case: Conflicted availability - must update policies

EX Email Reply Received! Allocation Done W

Speaker A SLOT Slot 1
“ | now prefer coming 1 @&
on Slot 1.”
“| see, don't worry!
| can do Slot 3 if that SLOT R

!
works better for you.” 2 @

3 &



Design (Policies):

The solver can
reach out to
speakers again
to ask for
additional
availability.

Execution Agent: HCP Solver

START

Gather Speaker Availabilities

Solver Plan who to reach
out to and ask

Check if 1:1
Match is Perfect FALSE

TRUE

Result — 1:1 Speaker-Slot Allocation

END



B Repeat for harder test cases to discover more
policies (designs) needed for real world deployment.

Simulated test cases Policies to establish
1. Workers don’t have enough e How many times is it okay to ask
availability. workers for more availability?
2. Workers who don’t respond e How long should you wait to
to emails nudge?

e How many nudges should you do
without a response?

e How you you balancing assigning
dates to prompt responders
versus hounding non-responders?



DoubleAgents can solve all test cases, following new
policies

| Easy: Medium: B Hard:
No conflicts = Few conflicts Lots of conflicts

Is the allocation correct?
The final speaker-slot allocation 100% 100% 100%
matches speakers agents’ availabilities.

# rounds of plan execution needed for
achieving a perfect allocation



DoubleAgents can solve all test cases, following new
policies

| Easy: Medium: B Hard:
No conflicts = Few conflicts Lots of conflicts

Is the allocation correct?
The final speaker-slot allocation 100% 100% 100%
matches speakers agents’ availabilities.

# rounds of plan execution needed for 0 1.67 3.38
achieving a perfect allocation



DoubleAgents uses agents in a
feedback loop to solve HCPs.

X
o

6_?3‘\

Agents design policies for

Assigning work fairly
Negotiating with workers’ availability

Agents Implement

Work Assignments

Including contacting workers for
availability questions and
negotiation.

Al suggests
revised policies
when tests fail.

A human planner
must approve new
policies.

Simulations Evaluate Solutions

Test the planner for multiple scenarios of
human available.

Vary human communication styles,
responsiveness, etc.



Bridging Design and Code with Gen Al

Design Code

' Code
Design: r‘i)

Code Editing Testing:
Widgets - Self-Debugging
rﬂ Code
Design: £ )
Polic & N4
et "~ Testing:

updatin
P g User simulation

Dynex

lterative Problem Specification o
Iterative Development

LogoMotion

o Self-debugging loop
lteration with Al Editing widgets &

Double Agents

o Testing with user simulation
lterating on designs with Al
suggestions



Al Code generation has transformed the way programmers

add an inside case

8 <2 Submit Edit

"outside” | "newline" =

'‘outside"” | "newline" |
d-‘il““ )

newToken = datum.content;
it

inside") {

char

1
"outside";

&& ==

"outside")

"inside" =

"newline

"outside

"outside";

Implement the cleanup function for the tranport stack. Do not make the upgrade
listeners optional

%6 Accept

pub(crate) struct TransportStack {
14: ListenerEndpoint,

tls: Option<Arc<Acceptor>>,

#[cfglunix
upgrade_listener:

Option<ListenFds>,
upgrade_listener.

: ListenFds,

impl TransportStack {
pub fn as_str(&:
.U.as_str

pub async fn listen(&mut -> Result<()>
.4

.listen
#[cfglunix)]

.upgrade_listeners. take(),
Some(self.upgrade_listeners. take(

.await

pub async fn accept(&mut -> Result<UninitializedStream>
let stream = .l.accept () .await?;

Ok(UninitializedStream {
4: stream,

tls:

.tls.clone(),

CHAT  COMPOSER
mod.rs

Could you make it easier to switch certificates in the transport listeners?

1'l help modify the code to make certificate switching more flexible. The main
changes will be to enhance the

trait and modify how certificates
are handled in the Here are the key changes:

#lasync_trait]
pub trait TlsAccept {

async fn certificate_callback(&self, ssl: &mut TlsRef) -> bo
false

async fn on_cert_error(&self, _error: &str

#[derive(Default)]

mod.rs




Design Engineering

(What do we build?) (How do we build it?)
| <I> I
<I>
<1y <I>
<I>
o> <1y

<1>

Created by Brickclay Created by WiStudio
from Noun Project from Noun Project



Two Software Design Processes

Feedforward Feedback

* One button

* Touch screen Design
* Soft

keyboard T Implement

" Design

Prototype

Evaluate




Human-Centered Design: Two feedback loops

Observe Design
Person with Pesaacs
a challenge Hypothe3|z YP
Test Evaluate

Ideas Product

Understand the problem Solve the problem



Feedback Ioops are essential to all systems

Body temperature falls Body temperatur

Blo ilate,
e rest 0ss to the
env eal s
e fluid

Nor rmal b dy
temy

Education

ﬂ, vironment

Re Warq
/nterpreter
% -

Agent

Training Al

R

Childhood Development

Action



Al Code generation isn’t enough to
create better software products...

We have to close feedback loops
between design and engineering.



Design Code

Dynex: Bridging Design and Code A
D)

25 =

X Step List Plan
S Person Approach Interaction C Code Output [— El Ly [ ]
ep 1 Creote s
B Usor sefocton LLM dimension specification e — [uz]
@ Flasncard Socten
~ ~ ~ Fatnearcs Section
~ B o UM o0 et LLM [ua ]
task [ section it spaced epetton code gen
( beginner visual learner ) (gammed learning ) ( calendar scheduling layout ) Secion secen vy [us |
LiMidea .~y Stop 5 tegrato mages |5ton2: egrate mages
generation f ( expert language learner ) ( generation and elaboration ) ( flashcard swipe interface ) using GPT £ | Approved Ui s saved in
| Users can add ] states for each task
( cultural enthusiast ) ( spaced repetition ) ( progressive difficulty grid ) (ioeddmorsieatiea
F——
@ itis difficult to link characters @ schedule review times according
- ~ to their meanings without to user progress, allowing items to
© LLM idea ~ reappear before they're forgotten
specification @ images for visual learners DynEx uses the already-
traditional learning methods @ incorporate visual images filled entries as context to
Grounding offer little aid to visual learners representing Chinese word generate the response

Iterative Problem _
Specification (Design Modular Code Generation

and Testing



LogoMotion induces feedback with:

1. Self Debugging
2. Design iteration w/
Al Code Editing Widgets

Design:

Code Editing

Widgets

Code
/ﬂ

Testing:
Self-Debugging

INPUT: STATIC LOGO

CARDINALS

BUILD VISUAL GROUNDING

AT

CARDINALS

AUTOMATIC GROUPING

PRIMARY ELEMENT: Skier

SECONDARY GROUPS

IMPLEMENT CODE

var timeline =

anime. timeline(
easing: ‘e
)i

timeline

“HOKT

duration: 1000,
startTime: 0

)

.add(
targets: '#EHP',
translatex: [-512,

translatev: [0, -20,

duration: 1000,
startTime: 3000
)i

SELF-DEBUG VISUAL ERRORS IN CODE

CARDINALS

timeline.add({

Merge targets: '#EHP',

translatex: [-512, 0],
translatey: [-20, 0],
duration: 1000,
startTime: 3000});

LOGOMOTION INTERFACE

Option 1. Skier skies in from left...
Emphasize skier entrance
Sync timing for mountains, lines
Drag and dropped new timing
Option 2. Skier drops into scene after.

Option 3. Elements fall in like snow...

QUICK ACTIONS

LAYER REGROUPING
"7 PRIMARY: Skier
f : :E SECONDARY: Mountains

CARDINALS

PROMPT

[ SYNC TIMING SUBTLE ] { EMPHASIZE

Can you make the skier do an interesting trick while EDIT
the text comes in?

0s 058 10s

155 2.0s 255 30s 355

Primary

T T T T
Hero moment. Skier skies in from the left with a tiny hop as
it settles into position.
oy

Secondary

Mountains slide in from both sides.

Lines expand into place.

NARRATIVE TIMELINE

Text animation. Cardinals text fades in
and pulses as the skier lands.



DoubleAgents uses feedback for o > Code

1) Simulating user testing Policy N g
2) PO“Cy (DeSign) UpdateS updating User simulation

*3x
& "

.



Bridging Design and Code with Gen Al

Design Code

' Code
Design: r‘i)

Code Editing Testing:
Widgets - Self-Debugging
rﬂ Code
Design: £ )
Polic & N4
et "~ Testing:

updatin
P g User simulation

Dynex

lterative Problem Specification o
Iterative Development

LogoMotion

o Self-debugging loop
lteration with Al Editing widgets &

Double Agents

o Testing with user simulation
lterating on designs with Al
suggestions



