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THE IMPORTANCE OF SOFTWARE DOCUMENTATION

function check_things($first_name, $last_name, $age) {
    if (
        !ctype_alpha($_POST['first_name']) OR
        !ctype_alpha($_POST['last_name']) OR
        !ctype_digit($_POST['age'])
        ) {
        return false;
    }
    return true;
}

// Check if the user input for the first name, last name
and age match alphabetic and numeric characters respectively
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AUTOMATED SOFTWARE DOCUMENTATION

function check_things($first_name, $last_name, $age) {
    if (
        !ctype_alpha($_POST['first_name']) OR
        !ctype_alpha($_POST['last_name']) OR
        !ctype_digit($_POST['age'])
        ) {
        return false;
    }
    return true;
}

// Check if the user input for the first name, last name
and age match alphabetic and numeric characters respectively

function check_things($first_name, $last_name, $age) {
    if (
        !ctype_alpha($_POST['first_name']) OR
        !ctype_alpha($_POST['last_name']) OR
        !ctype_digit($_POST['age'])
        ) {
        return false;
    }
    return true;
}

Automated Software 
Documentation Tool
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SOFTWARE DOCUMENTATION AS MACHINE TRANSLATION

function check_things($first_name, $last_name, $age) {
    if (
        !ctype_alpha($_POST['first_name']) OR
        !ctype_alpha($_POST['last_name']) OR
        !ctype_digit($_POST['age'])
        ) {
        return false;
    }
    return true;
}

// Check if the user input for the first name, 
last name
and age match alphabetic and numeric 
characters respectively

Neural Machine 
Translation Model 
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AUTOMATED SOFTWARE DOCUMENTATION
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SKEPTICISM OF NEURAL MACHINE TRANSLATION

“Natural Language NMT datasets

show a stronger input-output 


dependence than Code to Comment

translation datasets”

This suggests that code-to-comment

translation is likely more difficult

via neural machine translation


due to an information mismatch
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THE FUTURE OF AUTOMATED SOFTWARE DOCUMENTATION

Research Challenges:

• Inferring undocumented program properties

• discovering latent abstractions and rationales

This suggests that we need to find 

new techniques and data sources

to discover hidden abstractions of 


software to better 

automate documentation
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KEY IDEA: INFERRING FUNCTIONALITY FROM UIS
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NEURAL IMAGE CAPTIONING
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NEURAL IMAGE CAPTIONING OF UIS

High Level Caption

The screen allows the user to 
look at clothing categories

Low Level Captions

The top le! icon allows the user 
to access the menu

The top right icon allows the 
user to access the shopping cart

The center list of categories allows 
the user to make a selection

The heart icon to the le! of the 
shopping cart allows the user to 
view favorites
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CLARITY PROJECT OVERVIEW

1   Clarity Dataset Collection
(Screenshots + GUI metadata + Captions)

2  Naturalness & Topic Analysis

Cross-Entropy
Analysis

LDA-based 
Topic Analysis

… … …

Input Image CNN or RCNN
BRNN 

 or LSTM

xt

yt

Wstv

Image “Encoder” NL “Decoder”

3   Train Image-Captioning and 
Metadata Captioning Models

Image-Captioning
Models

Metadata-Captioning
Models

4  !antitative and !alitative
Model Evaluations

“Ground Truth”
Captions

“Predicted”
Captions

+
Screens

Large-Scale
Human Evaluation

!antitative  
Evaluation 
with BLEU
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THE REDRAW DATASET

Software 

Repo

Miner

GUI

Hierarchies

Execution Engine Screenshots
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CLARITY DATASET COLLECTION

ReDraw Dataset

17,203 Screenshots

16,311

Candidate 


Screenshots

Pilot Study &

Manual Filtering

2,150 MTurk 

Workers

Manual Quality

Check45,998 


captions

for 10,204 

screens 17
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CROSS ENTROPY ANALYSIS

Clarity Captions

+


Code and Natural

Langauge Corpora

N-Gram

Language Model

Measure of 

Cross Entropy

19



CROSS ENTROPY ANALYSIS - RESULTS

1 2 3 4 5 6 7 8 9 10
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N-gram order
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High-Level Captions

Low-Level Captions
Java Raw Code
Java w/o Syntax Tokens
Stack Overflow
Guntenberg
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TOPIC MODELING ANALYSIS

Clarity Captions

LDA-based 

Topic Modeling

Main

Caption Topics
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TOPIC MODELING ANALYSIS - RESULTS

Assigned Label Top 7 Words
“color options”
“login or create account”
“select image from a list”
“map search by location”

screen show app option color book differ 
user screen allow account log creat app 
user screen allow select view list imag 
screen locat search map user show find

Assigned Label Top 7 Words
“page button”
“select date”
“camera button”
“privacy policy banner”

page button top center bottom side left 
avail date select one option theme present 
video imag photo pictur bottom camera 
titl just term blue banner privaci polici 

LDA Topics Learned over high-level captions, k = 15

LDA Topics Learned over low-level captions, k = 25
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IMAGE AND METADATA CAPTIONING MODELS

… … …

Input Image CNN or RCNN
BRNN 

 or LSTM

xt

yt

Wstv

Image “Encoder” NL “Decoder”
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IMAGE CAPTIONING MODELS

Three Base Models

Show, Attend & Tell

NeuralTalk2

im2txt 25



IMAGE-CAPTIONING MODEL TREATMENTS

• Pre-trained on general image dataset (imagenet)


• Pre-trained on imagenet, fine-tuned on ReDraw 
cropped dataset


• Pre-trained on imagenet, fine-tuned on ReDraw  
full-screen dataset
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METADATA CAPTIONING MODELS

<node bounds="[1104,66][1184,162]" 
checkable="false" checked="false" 
class="android.widget.ImageView" clickable="true" 
content-desc="More options" enabled="true" 
focusable="true" focused="false" index="0" long-
clickable="true" package="com.apalon.ringtones" 
password="false" scrollable="false" 
selected="false" text=""/> 
         
<node bounds="[34,313][578,477]" checkable="false" 
checked="false" class="android.widget.ImageView" 
clickable="false" content-desc="" enabled="true" 
focusable="false" focused="false" index="0" long-
clickable="false" package="com.apalon.ringtones" 
password="false" scrollable="false" 
selected="false" text=""/>     
    
<node bounds="[34,573][578,653]" checkable="false" 
checked="false" class="android.widget.TextView" 
clickable="false" content-desc="" enabled="true" 
focusable="false" focused="false" index="0" long-
clickable="false" package="com.apalon.ringtones" 
password="false" scrollable="false" 
selected="false" text="Abstract"/> 
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METADATA CAPTIONING MODELS

<node bounds="[1104,66][1184,162]" 
checkable="false" checked="false" 
class="android.widget.ImageView" clickable="true" 
content-desc="More options" enabled="true" 
focusable="true" focused="false" index="0" long-
clickable="true" package="com.apalon.ringtones" 
password="false" scrollable="false" 
selected="false" text=""/> 
         
<node bounds="[34,313][578,477]" checkable="false" 
checked="false" class="android.widget.ImageView" 
clickable="false" content-desc="" enabled="true" 
focusable="false" focused="false" index="0" long-
clickable="false" package="com.apalon.ringtones" 
password="false" scrollable="false" 
selected="false" text=""/>     
    
<node bounds="[34,573][578,653]" checkable="false" 
checked="false" class="android.widget.TextView" 
clickable="false" content-desc="" enabled="true" 
focusable="false" focused="false" index="0" long-
clickable="false" package="com.apalon.ringtones" 
password="false" scrollable="false" 
selected="false" text="Abstract"/> 

Clarity Metadata seq2seq

Encoder-Decoder


Model

Natural Language 

Captions
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RESEARCH QUESTIONS

• RQ1: Accuracy of Models?


• RQ2: Accuracy, Completeness, & 
Understandability as rated by humans?
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RQ1: ACCURACY OF MODELS

Clarity

Dataset

Training/Validation/Test 

Data Split

Neural Captioning 

Models

BLEU Scores
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RQ1:RESULTS

Model Capt. Model Type BC B1 B2 B3 B4

High im2txt-h-fs 12.4 24.8 12.6 6.7 5.3
im2txt Low im2txt-l-comp 27.0 45.6 31.8 20.0 10.1

Comb. im2txt-c-comp 30.3 51.7 35.9 22.1 11.6

NeuralTalk2
High ntk2-h-imgnet 13.3 27.4 13.5 7.3 5.3
Low ntk2-l-ft 27.4 47.5 32.8 19.5 9.6

Comb. ntk2-c-ft 30.1 52.1 36.0 21.8 10.8

seq2seq
Low seq2seq-l-type 18.1 44.6 17.0 7.9 0.24

Comb. seq2seq-c-type 16.9 38.9 14.7 6.0 0.08

SAT
High sat-h 17.7 30.1 18.3 12.9 9.8
Low sat-l 35.0 52.5 38.7 28.1 20.7

Comb. sat-c 37.7 56.8 42.0 30.5 22.0
NeuralTalk2 Trained on Flickr8K 34.0 57.9 38.3 24.5 16.0
NeuralTalk2

Trained on MSCOCO
40.7 62.5 45.0 32.1 23.0

im2txt 42.6 66.6 46.1 32.9 24.6
SAT 45.7 71.8 50.4 35.7 25.0
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RQ2: HUMAN RATING OF MODELS

Clarity

Dataset

Training/Validation/Test 

Data Split

Neural Captioning 

Models

Manual Quality 

Check

Predicted 

Captions

Questionnaire

Data Analysis
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RQ2: RESULTS

None Some A Lot

im2txt high

im2txt low

im2txt combined

Easy to Read Somewhat
Readable

Hard to 
Read

im2txt high

im2txt low

im2txt combined

EQ3: Understandability

EQ2:  Unnecessary Information

im2txt high

im2txt low

im2txt combined

Strongly 
Disagree

 Disagree Neutral Agree Strongly
Agree

EQ1: Accuracy

seq2seq high

seq2seq low

seq2seq combined
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LESSONS LEARNED

Functional Descriptions 

of GUIs exhibit a high degree 


of naturalness

Our studied models

benefitted from domain 

specific fine-tuning

Screenshots & Metadata

appear to have a degree 


of orthogonality

It is difficult to predict

specific or diverse


pieces of functionality
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OPEN SCIENCE
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OPEN SCIENCE

https://sagelab.io/Clarity/
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