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Figure 1: The Sqire system for iterative UI prototyping. The Sqire system incrementally generates a tree-based intermediate
representation A that concisely encodes high level architecture as a component hierarchy. Components B holds slots C that Sqire
instantiates with the help of an LLM that incrementally updates its context as the hierarchy becomes increasingly detailed. To support design
exploration, when Sqire determines a component may have multiple compatible alternatives (e.g. list or grid), Sqire offers special choice
nodes D which, when selected, modify the UI to reflect the new alternative. To make fine-grained aesthetic changes (e.g. typography, color),
the user selects a target E in the live preview and enters a free-form command F . Sqire interprets the command, mutates the targeted
component accordingly, then offers ephemeral controls to apply further semantically-related changes G to help the developer evaluate
design alternatives.

Abstract

Frontend developers create UI prototypes to evaluate alternatives,
which is a time-consuming process of repeated iteration and re-
finement. Generative AI code assistants enable rapid prototyping
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simply by prompting through a chat interface rather than writing
code. However, while this interaction gives developers flexibility
since they can write any prompt they wish, it makes it challenging
to control what is generated. First, natural language on its own
can be ambiguous, making it difficult for developers to precisely
communicate their intentions. Second, the model may respond un-
predictably, requiring the developer to re-prompt through trial-and-
error to repair any undesired changes. To address these weaknesses,
we introduce Sqire, a system designed for guided prototype ex-
ploration and refinement. In Sqire, the developer incrementally
builds a UI component tree by pointing and clicking on different
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alternatives suggested by the system. Additional affordances let the
developer refine the appearance of the targeted UI. All interactions
are explicitly scoped, with guarantees on what portions of the UI
will and will not be mutated. The system is supported by a novel
intermediate representation called SqireIR with language support
for controlled exploration and refinement. Through a user study
where 11 frontend developers used Sqire to implement mobile
web prototypes, we find that developers effectively explore and iter-
ate on different UI alternatives with high levels of perceived control.
Developers additionally scored Sqire positively for usability and
general satisfaction. Our findings suggest the strong potential for
code generation to be controlled in rapid UI prototyping tools by
combining chat with explicitly scoped affordances.
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1 Introduction

Building user interface prototypes is a standard method to evaluate
design alternatives and elicit feedback. Traditionally, this kind of
prototyping involves a time-consuming process requiring multiple
iterations of exploration, implementation, and refinement [3, 16]
where constructing high-fidelity prototypes is generally the most
time-consuming part of the process [23, 29, 30]. Recently, generative
AI coding assistants such as ChatGPT [34] and v0 [48] have emerged
promising to enable rapid prototyping with high fidelity using
only a chat interface. These tools allow designers and developers
to explore and refine prototypes simply by prompting language
models to perform the heavy lifting of translating natural language
requests to executable code, removing much of the manual effort
previously required to code prototypes.

Still, while prompt-based interactions may give users substantial
latitude in the way they frame their requests, this freedom is a
double-edged sword. First, interaction at the level of prompts is a
challenge due to the inherent ambiguity of natural language, with
several studies echoing the challenge that users often struggle to
formulate prompts to convey their intent effectively [2, 46, 54].
Second, the output of generative models can be unpredictable [13,
24, 53]. Actual outputs sometimes contain changes not intended by
the user, which leads to slow trial-and-error loops in an attempt to
compare different results and converge on a desired outcome [25].
This second problem is exacerbated by the fact that developers end
up spending a substantial amount of time reviewing and comparing
iterations rather than generating the code itself [46].

We posit that these limitations stem from the fact that free-form
prompt interactions lack two desirable properties:

(1) It should be possible to precisely scope change requests to spe-
cific aspects of the system being modified. This gives the user
confidence that no changes beyond the specified scope have oc-
curred. By contrast, current chat-based programming assistants
generally permit the model to modify generated code arbitrarily,
with no guarantees that any constraints specified in the prompt
will be obeyed.

(2) Alternative outputs should be fast and easy to compare, ideally
with minimal friction when navigating between them. By con-
trast, the predominant chat-based paradigm relies on a linear
chat history without branching navigation, so picking between
alternatives can be a tedious copy-paste exercise.

In this paper, we present Sqire, a high-fidelity UI prototyping
tool that imbues its interactions with the above two properties:
it gives users explicit controls to scope modification and quickly
explore alternatives. In Sqire, users start a project by providing
a prompt that describes their goals for the UI, along with sample
data containing information for Sqire to use as a reference. Users
then construct UI as a tree of components in top-down fashion by
prompting Sqire to fill holes representing missing yet expected
functionality. In response to this kind of request, Sqire generates
a list of appropriate alternatives, each scoped specifically to the
targeted hole in the unfinished UI. Clicking on each alternative
immediately updates a live rendered preview as well as underly-
ing code, making it easy to visualize the differences. The user can
also pose targeted requests to modify the appearance of specific
areas of the UI, with the guarantee that no code outside the in-
tended scope will be mutated. In response to this kind of request,
Sqire generates ephemeral controls [6] that allow the user to ap-
ply semantically-related changes quickly and without re-prompting.
In all cases, the LLM acts as a companion, presenting reasonable
choices for the user to evaluate, but leaving the user with agency
to accept or reject its suggestions.

The features of Sqire are underpinned by SqireIR, a novel
domain-specific intermediate representation (IR) for encoding the
space of UI alternatives generated by Sqire. This representation
enables the above interactions through special operators that rep-
resent holes needing instantiation (null operators) and explorable
alternatives (choice operators), all while remaining automatically
convertible to executable code.

This paper makes the following contributions:

a We develop SqireIR, a domain-specific IR designed for scoped
exploration and refinement of high-fidelity prototypes.

a We present Sqire, a graphical development environment built
atop SqireIR for exploration and iterative refinement, which
we instantiate for the domain of mobile web application screens.

a Through data collected from a user study of 11 frontend de-
velopers, we find that (1) Sqire’s interactions encouraged
participants to explore frequently, rather than simply use
Sqire as a code accelerator, (2) participants felt encouraged
to take risks when making changes, knowing that the con-
sequences of making atypical decisions could always be un-
done without friction, (3) participants indicated confidence
that Sqire matched their intent when making changes, and
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(4) participants were generally pleased with the quality of code
and visuals generated by the system.

2 Example S�ire Usage
Mina is a frontend developer who builds mobile web apps. She uses
S�ire to prototype an app screen for searching for movies. When
Mina �rst loads S�ire , she is greeted with the following interface,
which shows an empty canvas with a button for getting started1 .

Getting Started: To begin,S�ire asks Mina to provide (1) a system
prompt describing her overall goal for the screen, and (2) sample
data in JSON format thatS�ire will use as reference data. She
enters the following system prompt: �A screen for viewing movies.
The screen should allow the user to see several di�erent movies in a
scrollable view.� Since she intends for her project to use an existing
movie database, she extracts some of its contents and provides them
as sample data.
Constructing the Component Tree: With preliminaries com-
plete, Mina presses the button1 , andS�ire begins processing
its �rst request. After a few seconds,S�ire updates the canvas
to show a list of choices2 . These choices are proposals for com-
ponents for the top level of the screen, along with design ratio-
nale for each choice. Mina reviews the choices and decides that a
VerticalList would be most suitable since she agrees with the
rationale that it would �allow the user to see several movie titles,
overviews, and poster images at a glance."

Mina is ready to move on to the next step, so she clicks3 to open the
slot query dialog4 . This isS�ire 's mechanism for asking which
child of VerticalList Mina would like to start constructing next.
Mina selectselementand augments its textual description to provide
more detail about her intended purpose forelement: �Each element
should represent a single movie.�5

As before,S�ire processes the query for a few seconds and
presents Mina with a new set of choices. This time, the choices
represent possible components that could serve as list elements,
where each element depicts a single movie. Mina decides she would
like to use aWideCardcomponent that uses a �horizontal layout
that can display an image along with some text details.�

Up until this point, Mina has been selecting components one-by-
one, which o�ers precise control but also slows her down in a
situation where she would rather rapidly generate an initial de-
sign to re�ne more carefully afterwards. To do this, Mina switches
to Auto Expansion Mode6 (refer back to the �rst �gure in this
section), which tellsS�ire to make its own independent choices
without waiting for feedback after each step. Mina now opens the
slot query dialog forWideCardand submits a new query for thetitle
slot. As shown in the following �gure,S�ire generates aHeading
component whose text is the title of a movie, �rst by choosing the
Headingcomponent, and second by choosingmovies[].title to
be itsheading_textslot (movies[].title is S�ire IR notation for a
reference to sample data, which in this speci�c case references the
title element of eachmovie).

Mina proceeds to use the same procedure to populate theimage
andcontentslots of theWideCardcomponent. At the conclusion
of this process,S�ire displays the following screen showing the
completed component tree as well as a live preview of the rendered
design. For each of thetitle, image, andcontentslots, Mina only had
to make one request�S�ire automatically generated the subtree
by chaining together the appropriate decisions. Throughout this
process, the Preview Pane7 also continuously updated.

Adding Custom Slots: Mina is satis�ed with the initial design, but
she notices that each card is missing some important details, such
as the movie duration. She would like to add this information to
the WideCardcomponent, but she sees that there is no existing slot
for runtime. This is becauseWideCardstarts life with a prede�ned
template that includes slots fortitle, image, content, but no others.
While this provides an initial starting point, Mina will need to
customize it to meet her unique needs. To do so, Mina selects the
customoption in WideCard's slot query dialog 8 and submits a
query for a new slot namedruntime with the description �The
runtime of the movie.�
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