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“TL;DR: Generating Declarative Language (e.g., HTML Code) with Labels for Visual Design Representation Learning”

I. Ideation

Cd = !"(cs, P, L)

Generated UI Description

! — !is slide displays the subject 
of mastering Japanese verb 
conjugations, titled 'Common Verb 
Conjugations' at the top. It features a 
bar graph quantifying the use of 
di"erent verbs such as ‘Taberu,’ 'Kiku,’ 
and others, in varied colors. Directly 
below, a descriptive table elucidates 
the transformation of verbs from the 
plain form to the more formal -masu 
and past tense forms, with ‘Taberu' 
transitioning to 'Tabemasu' and 
'Tabemashita.’ !e slide concludes 
with a footer of the copyright notice 
at the bo#om."

! — “!e UI screen presents a 
'Recipe Finder' app, featuring a top 
search bar, $lter toggles for 
'Vegetarian', 'Under 30 Minutes', 
and 'Low-Calorie', and displays two 
recipes: 'Creamy Pasta' (Easy, 6 
ingredients) and 'Garden 
Salad' (Medium, 5 ingredients), 
each accompanied by an image. 
!e bo#om of the screen includes a 
copyright notice for 2023.”

cs : Seed design examples
P : Design guidelines and pa&erns

Condition: BERTScore(cd) < 0.7
!" : Description generation function

Generated Slide Description

II. Generation & III. Production

The UI screen presents a "Recipe 
Finder" app, featuring a top 
search bar, !lter toggles for 
"Vegetarian", "Under 30 Minutes", 
and "Low-Calorie", and displays 
two recipes: "Creamy Pasta" (Easy, 
6 ingredients) and "Garden Salad" 
(Medium, 5 ingredients), each 
accompanied by an image. The 
bottom of the screen includes a 
copyright notice for 2023.
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[...]
<div class="recipe-card">
    <img src="placeholder.co" alt="Creamy pasta dish">
    <div class="recipe-info">
      <div class="recipe-title">Creamy Pasta</div>
      <div class="recipe-details">Di"culty: Easy | Ingredients: 6</div>
    </div>
  </div>
  <div class="recipe-card">
    <img src="placeholder.co" alt="Fresh salad bowl">
    <div class="recipe-info">
      <div class="recipe-title">Garden Salad</div>
      <div class="recipe-details">Di"culty: Medium | Ingredients: 5</div>
    </div>  
[...]

12%3"(4"%$+5
Creamy pasta dish

Fresh salad bowl

https://www.allrecipes.com/thm-
b/[...]/Creamy-Garlic-pasta-d2b6747
7d7ac49f9ad084bde7cdd3349.jpg

https://le-cdn.hibuwebsites.com [...] 
img7-1920w.jpg

Image Search/GenerationGenerated UI Code (HTML)

ch = !ℋ(cd, P, L) Cdhm = {ℛ(ℱ(ch)) | ∀cd ∈ Cd, CLIP(cd, ℛ(ℱ(ch))) > 0.3}

cd : Generated design concept

!ℋ : Code generation function

<!DOCTYPE html>
<html lang="en">
<head>
<style>
[...]
</style>
</head>
<body>
[...]    
</body>
<script>
[...]
</script>
</html>
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<div class="container">
<div class="header"><span data-type="title">Common Verb Conjugations</span></div>
<div class="chart-container">
<canvas data-type="chart" id="bar-chart"></canvas>
</div>
<div  class="table-container">
<table data-type="table" class="table">
<thead>
<tr>
<th><span>Plain Form</span></th>
<th><span>-Masu Form</span></th>
<th><span>Polite Past Form</span></th>
</tr> [...]
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.footer {
    position: absolute;
    bottom: 0;
    width: 100%;
    padding: 16px;
    background-color: #9FB3C8;
    text-align: center; [...]

.header {
    font-size: 32px;
    color: #334E68;
    padding: 16px;
    text-align: center;
  }

.table {
    width: 100%;
    border-collapse: collapse;
  }
  .table th, .table td {
    border: 1px solid #D9E2EC;
    padding: 8px;
    text-align: left;
  }
  .explanation {
    padding: 16px;
    font-size: 18px;
    line-height: 1.3; [...]
   

var ctx = document.getElementById('bar-chart').getContext('2d');
  var myChart = new Chart(ctx, {
    type: 'bar',
    data: {
      labels: ['Taberu', 'Kiku', 'Miru', 'Iku', 'Kuru', 'Suru'],
      datasets: [{
        label: 'Frequency of Use',
        data: [12, 19, 3, 5, 2, 3],
        backgroundColor: [
                  [...]
        ],
        borderColor: [
          'rgba(255, 99, 132, 1); [...]

This slide displays the subject of mastering 
Japanese verb conjugations, titled "Common Verb 
Conjugations" at the top. It features a bar graph 
quantifying the use of di!erent verbs such as 
'Taberu', 'Kiku', and others, in varied colors. Directly 
below, a descriptive table elucidates the 
transformation of verbs from the plain form to the 
more formal -masu and past tense forms, with 
'Taberu' transitioning to 'Tabemasu' and 
'Tabemashita'. The slide concludes with a footer of 
the copyright notice at the bottom.
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<!DOCTYPE html>
<html lang="en">
<head>
<style>
[...]
</style>
</head>
<body>
[...]    
</body>
<script>
[...]
</script>
</html>
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<div class="container">
<div class="header"><span data-type="title">Common Verb Conjugations</span></div>
<div class="chart-container">
<canvas data-type="chart" id="bar-chart"></canvas>
</div>
<div  class="table-container">
<table data-type="table" class="table">
<thead>
<tr>
<th><span>Plain Form</span></th>
<th><span>-Masu Form</span></th>
<th><span>Polite Past Form</span></th>
</tr> [...]

!""/

.footer {
    position: absolute;
    bottom: 0;
    width: 100%;
    padding: 16px;
    background-color: #9FB3C8;
    text-align: center; [...]

.header {
    font-size: 32px;
    color: #334E68;
    padding: 16px;
    text-align: center;
  }

.table {
    width: 100%;
    border-collapse: collapse;
  }
  .table th, .table td {
    border: 1px solid #D9E2EC;
    padding: 8px;
    text-align: left;
  }
  .explanation {
    padding: 16px;
    font-size: 18px;
    line-height: 1.3; [...]
   

var ctx = document.getElementById('bar-chart').getContext('2d');
  var myChart = new Chart(ctx, {
    type: 'bar',
    data: {
      labels: ['Taberu', 'Kiku', 'Miru', 'Iku', 'Kuru', 'Suru'],
      datasets: [{
        label: 'Frequency of Use',
        data: [12, 19, 3, 5, 2, 3],
        backgroundColor: [
                  [...]
        ],
        borderColor: [
          'rgba(255, 99, 132, 1); [...]

This slide displays the subject of mastering 
Japanese verb conjugations, titled "Common Verb 
Conjugations" at the top. It features a bar graph 
quantifying the use of di!erent verbs such as 
'Taberu', 'Kiku', and others, in varied colors. Directly 
below, a descriptive table elucidates the 
transformation of verbs from the plain form to the 
more formal -masu and past tense forms, with 
'Taberu' transitioning to 'Tabemasu' and 
'Tabemashita'. The slide concludes with a footer of 
the copyright notice at the bottom.
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ℛ : Rendering function (replace visual placeholder)
ℱ : Post-processing function (ensure interactive UI visibility)
ch : Generated labeled code

Condition : CLIP(cd, ℛ(ℱ(ch))) > 0.3

Results

<!DOCTYPE html>
<html lang="en">
<head>
<style>
[...]
</style>
</head>
<body>
[...]    
</body>
<script>
[...]
</script>
</html>
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<div class="container">
<div class="header"><span data-type="title">Common Verb Conjugations</span></div>
<div class="chart-container">
<canvas data-type="chart" id="bar-chart"></canvas>
</div>
<div  class="table-container">
<table data-type="table" class="table">
<thead>
<tr>
<th><span>Plain Form</span></th>
<th><span>-Masu Form</span></th>
<th><span>Polite Past Form</span></th>
</tr> [...]

!""/

.footer {
    position: absolute;
    bottom: 0;
    width: 100%;
    padding: 16px;
    background-color: #9FB3C8;
    text-align: center; [...]

.header {
    font-size: 32px;
    color: #334E68;
    padding: 16px;
    text-align: center;
  }

.table {
    width: 100%;
    border-collapse: collapse;
  }
  .table th, .table td {
    border: 1px solid #D9E2EC;
    padding: 8px;
    text-align: left;
  }
  .explanation {
    padding: 16px;
    font-size: 18px;
    line-height: 1.3; [...]
   

var ctx = document.getElementById('bar-chart').getContext('2d');
  var myChart = new Chart(ctx, {
    type: 'bar',
    data: {
      labels: ['Taberu', 'Kiku', 'Miru', 'Iku', 'Kuru', 'Suru'],
      datasets: [{
        label: 'Frequency of Use',
        data: [12, 19, 3, 5, 2, 3],
        backgroundColor: [
                  [...]
        ],
        borderColor: [
          'rgba(255, 99, 132, 1); [...]

This slide displays the subject of mastering 
Japanese verb conjugations, titled "Common Verb 
Conjugations" at the top. It features a bar graph 
quantifying the use of di!erent verbs such as 
'Taberu', 'Kiku', and others, in varied colors. Directly 
below, a descriptive table elucidates the 
transformation of verbs from the plain form to the 
more formal -masu and past tense forms, with 
'Taberu' transitioning to 'Tabemasu' and 
'Tabemashita'. The slide concludes with a footer of 
the copyright notice at the bottom.
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Generated Slide Code (HTML) Generated Slide

Generated UI

DreamStruct: Understanding Slides and User Interfaces via Synthetic Data Generation
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Slide Element Recognition (mAP%)
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Pretrained synthetically-annotated  
+ Finetuned human-annotated UIs
Finetuned human-annotated UIs

UI Element Recognition (mAP%)

Number of Human-annotated Samples

Model Slides UIs

GPT-4V 1206 1235

LLaVA-zero-
shot

857 1123

LLaVA-human-
annotated 796 457

LLaVA-synth 
(ours) 1141 1186

Image Caption (elo) and Classi"cation (acc)

Model Slides UIs

GPT-4V 0.772 0.598

Gemini-1.0-Pro-V 0.700 0.533

VL-zero-shot 0.467 0.388

VL-human-
annotated

0.338 0.309

VL-synth (ours) 0.679 0.552

<!DOCTYPE html>
<html lang="en">
<head>
<style>
[...]
</style>
</head>
<body>
[...]    
</body>
<script>
[...]
</script>
</html>
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<div class="container">
<div class="header"><span data-type="title">Common Verb Conjugations</span></div>
<div class="chart-container">
<canvas data-type="chart" id="bar-chart"></canvas>
</div>
<div  class="table-container">
<table data-type="table" class="table">
<thead>
<tr>
<th><span>Plain Form</span></th>
<th><span>-Masu Form</span></th>
<th><span>Polite Past Form</span></th>
</tr> [...]

!""/

.footer {
    position: absolute;
    bottom: 0;
    width: 100%;
    padding: 16px;
    background-color: #9FB3C8;
    text-align: center; [...]

.header {
    font-size: 32px;
    color: #334E68;
    padding: 16px;
    text-align: center;
  }

.table {
    width: 100%;
    border-collapse: collapse;
  }
  .table th, .table td {
    border: 1px solid #D9E2EC;
    padding: 8px;
    text-align: left;
  }
  .explanation {
    padding: 16px;
    font-size: 18px;
    line-height: 1.3; [...]
   

var ctx = document.getElementById('bar-chart').getContext('2d');
  var myChart = new Chart(ctx, {
    type: 'bar',
    data: {
      labels: ['Taberu', 'Kiku', 'Miru', 'Iku', 'Kuru', 'Suru'],
      datasets: [{
        label: 'Frequency of Use',
        data: [12, 19, 3, 5, 2, 3],
        backgroundColor: [
                  [...]
        ],
        borderColor: [
          'rgba(255, 99, 132, 1); [...]

This slide displays the subject of mastering 
Japanese verb conjugations, titled "Common Verb 
Conjugations" at the top. It features a bar graph 
quantifying the use of di!erent verbs such as 
'Taberu', 'Kiku', and others, in varied colors. Directly 
below, a descriptive table elucidates the 
transformation of verbs from the plain form to the 
more formal -masu and past tense forms, with 
'Taberu' transitioning to 'Tabemasu' and 
'Tabemashita'. The slide concludes with a footer of 
the copyright notice at the bottom.
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P : Design guidelines and pa&erns
L : Targeted semantic labelsL : Targeted semantic labels

<!DOCTYPE html>
<html lang="en">
<head>
<style>
[...]
</style>
</head>
<body>
[...]    
</body>
<script>
[...]
</script>
</html>
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<div class="container">
<div class="header"><span data-type="title">Common Verb Conjugations</span></div>
<div class="chart-container">
<canvas data-type="chart" id="bar-chart"></canvas>
</div>
<div  class="table-container">
<table data-type="table" class="table">
<thead>
<tr>
<th><span>Plain Form</span></th>
<th><span>-Masu Form</span></th>
<th><span>Polite Past Form</span></th>
</tr> [...]

!""/

.footer {
    position: absolute;
    bottom: 0;
    width: 100%;
    padding: 16px;
    background-color: #9FB3C8;
    text-align: center; [...]

.header {
    font-size: 32px;
    color: #334E68;
    padding: 16px;
    text-align: center;
  }

.table {
    width: 100%;
    border-collapse: collapse;
  }
  .table th, .table td {
    border: 1px solid #D9E2EC;
    padding: 8px;
    text-align: left;
  }
  .explanation {
    padding: 16px;
    font-size: 18px;
    line-height: 1.3; [...]
   

var ctx = document.getElementById('bar-chart').getContext('2d');
  var myChart = new Chart(ctx, {
    type: 'bar',
    data: {
      labels: ['Taberu', 'Kiku', 'Miru', 'Iku', 'Kuru', 'Suru'],
      datasets: [{
        label: 'Frequency of Use',
        data: [12, 19, 3, 5, 2, 3],
        backgroundColor: [
                  [...]
        ],
        borderColor: [
          'rgba(255, 99, 132, 1); [...]

This slide displays the subject of mastering 
Japanese verb conjugations, titled "Common Verb 
Conjugations" at the top. It features a bar graph 
quantifying the use of di!erent verbs such as 
'Taberu', 'Kiku', and others, in varied colors. Directly 
below, a descriptive table elucidates the 
transformation of verbs from the plain form to the 
more formal -masu and past tense forms, with 
'Taberu' transitioning to 'Tabemasu' and 
'Tabemashita'. The slide concludes with a footer of 
the copyright notice at the bottom.
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<!DOCTYPE html>
<html lang="en">
<head>
<style>
[...]
</style>
</head>
<body>
[...]    
</body>
<script>
[...]
</script>
</html>
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<div class="container">
<div class="header"><span data-type="title">Common Verb Conjugations</span></div>
<div class="chart-container">
<canvas data-type="chart" id="bar-chart"></canvas>
</div>
<div  class="table-container">
<table data-type="table" class="table">
<thead>
<tr>
<th><span>Plain Form</span></th>
<th><span>-Masu Form</span></th>
<th><span>Polite Past Form</span></th>
</tr> [...]
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.footer {
    position: absolute;
    bottom: 0;
    width: 100%;
    padding: 16px;
    background-color: #9FB3C8;
    text-align: center; [...]

.header {
    font-size: 32px;
    color: #334E68;
    padding: 16px;
    text-align: center;
  }

.table {
    width: 100%;
    border-collapse: collapse;
  }
  .table th, .table td {
    border: 1px solid #D9E2EC;
    padding: 8px;
    text-align: left;
  }
  .explanation {
    padding: 16px;
    font-size: 18px;
    line-height: 1.3; [...]
   

var ctx = document.getElementById('bar-chart').getContext('2d');
  var myChart = new Chart(ctx, {
    type: 'bar',
    data: {
      labels: ['Taberu', 'Kiku', 'Miru', 'Iku', 'Kuru', 'Suru'],
      datasets: [{
        label: 'Frequency of Use',
        data: [12, 19, 3, 5, 2, 3],
        backgroundColor: [
                  [...]
        ],
        borderColor: [
          'rgba(255, 99, 132, 1); [...]

This slide displays the subject of mastering 
Japanese verb conjugations, titled "Common Verb 
Conjugations" at the top. It features a bar graph 
quantifying the use of di!erent verbs such as 
'Taberu', 'Kiku', and others, in varied colors. Directly 
below, a descriptive table elucidates the 
transformation of verbs from the plain form to the 
more formal -masu and past tense forms, with 
'Taberu' transitioning to 'Tabemasu' and 
'Tabemashita'. The slide concludes with a footer of 
the copyright notice at the bottom.
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