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Abstract

Event Management in Graphical User Interfaces (GUIs) remains a
fundamental challenge when relying on complex, domain-specific
paradigms like event loops, callbacks, or reactive programming,
which mix and match different paradigms. This leads to steep
learning curves and difficult-to-maintain code bases. To address
these limitations, this paper treats user interface events as an in-
put/output operation that leverages the sophisticated, language-
level concurrency features of the async/await paradigm, a standard
for managing input/output-bound tasks in modern programming
languages. Through an implemented proof-of-concept, we com-
pare the async/await approach against existing event manage-
ment alternatives. Our analysis demonstrates that the async/await
paradigm is capable of covering the functional scope of existing
alternatives while delivering unique and substantial benefits. It
simplifies event management by utilizing native platform features
like sequential flow control and exception handling, rather than im-
plementing these concepts indirectly. The async/await paradigm
offers an effective and unified model for event management that
reduces the learning process and provide a powerful tool for design-
ing complex systems and modernizing legacy code. Our findings
advocate for adopting async/await as the foundational paradigm
for building responsive and maintainable user interfaces.
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1 Introduction

Event management in Graphical User Interfaces (GUIs) is the pro-
cess by which an interactive system detects, processes, and responds
to user actions and system-generated events within a visual ap-
plication environment. Event management involves [5, 8]: event
detection (i.e., capturing user or system actions, such as mouse clicks,
key presses, menu selection, or functions completed); event queuing
(i.e., placing events into an event queue in the order they occur to
adequately process them); event dispatching (i.e., sending events to
the appropriate component, such as a menu or a text field); event
handling (i.e., executing predefined functions or callbacks that re-
spond to the event). Early research shifted event handling [7] from
raw input loops [19, 31] to structured event languages and toolkits,
laying the foundations for later architectures. Early work articu-
lated event languages that extended the basic event model into
runtime frameworks [5], enabling modular handler composition
and exception management [27]. Toolkits and interface builders
then standardized component libraries [31] and event dispatch pat-
terns for desktop systems, broadening adoption and consistency of
GUI event models [25]. Subsequent milestones emphasized distribu-
tion and persistence of event information. Synthesized interaction
and toolkit extensions on window systems explored richer event
generation and composition [5]. The need to capture and replay
events spawned event repository architectures that treat events
as temporal indices suitable for storage, replay and analysis [9].
At the same time the publish/subscribe paradigm [42] and broker
composability emerged as a structuring mechanism for distributed,
decoupled event flows [40] that need to be synchronized [1].

More recently, reactive user-event handling [2] relies on archi-
tectural patterns that decouple event producers from consumers
[37] and raise interaction abstractions above callbacks [10]. Ar-
chitectures range from Event-Driven Architecture (EDA) [21] for
distributed systems [16] to Ul-level reified models [17] that separate
semantics from commands:
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o Event-driven architecture decouples producers and consumers
[37] using asynchronous events, brokers, and streaming an-
alytics [21] as core blocks for event-response systems [19].

e Interaction as a first-class citizen reifies user interactions
(e.g. sequences of actions, composition of gestures) so they
become reusable objects that map to commands with built-
in features, such as Undo/Redo. INTERACTO demonstrates
this for desktop and web toolkits, improving modularity and
testability [23].

e Reactive dependency graphs use graphs of reactive nodes
to manage propagation, granularity, and cycle handling in
object-oriented settings, enabling more precise dependency
control than classic patterns [24].

Key implications of these advances reveal that GUI developers
prefer decoupling for scalability and fault isolation, reify higher-
level interactions for reuse and testability, and represent depen-
dencies explicitly when fine-grained propagation and cycle man-
agement matter. While these approaches are well suited to their
respective problems, they require a specific architecture for event
management with some complexity [29]. They also reimplement
features already existing in the underlying platform. For example,
React, a popular library for web and native user interfaces, imple-
ments its own event handling, thereby replicating functionality
already provided by the browser [12]. This results in unnecessary
bloat and prevents integrating this technology in legacy projects.
To address these limitations, we want to leverage existing features
of the web platform as a suitable universal building block that sim-
plifies event management. To this end, this paper contributes to the
area of engineering interactive computing systems by:

e Defining GUI events as an input/output operation (Section 3)
that leverages the sophisticated, language-level concurrency
features of the Async/Await paradigm, a standard for manag-
ing input/output-bound tasks [38] in modern programming
languages' with StreamAsync (Section 4).

o Implementing StreamAsync, a library based on async/await
for event management in GUIs of web applications (Sec-
tion 5).

e Comparing our approach to five other practices (Section 6):
synchronous programming, event listeners, event bus pat-
tern, frame animation loops, functional-based event manage-
ment frameworks, and reactive programming.

Section 2 summarizes work related to the area of event manage-
ment in GUIs and positions our work with respect to it. Section 7
concludes this paper and presents some avenues to this work.

2 Related Work and Background

The related work includes prior work on input handling models
[12], event languages [5] for GUI frameworks [9], and approaches
to managing events in complex applications [7].

The concept of Event-Response Systems (ERS) [19] emerged with
interactive computing environments in the eighties. Systems such
as Smalltalk pioneered event-loop architectures where user actions
were captured and processed asynchronously through an event
queue and dispatcher. This separation of event detection from event

1See https://en.wikipedia.org/wiki/Async/await
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handling laid the groundwork for subsequent GUI frameworks by
establishing the canonical event loop as a core architectural element
[31]. Hierarchical events [32] slightly reduced the complexity of
even handling. [5] extend an event model for GUIs, introducing
an event language that allows modular construction of complex
event systems and supports a general-purpose runtime framework
for Uls. Myers [31] defined a model for handling input devices in
GUISs, encapsulating interactive behaviors into "Interactor” object
types, proven convenient, efficient, and easy to learn in the Garnet
toolkit. Chabou and Pierre [7] introduce an approach for handling
events in complex applications, including GUIs, focusing on ease
of understanding and suitability for interactive applications. Ra-
jagopalan et al. [36] discuss optimizing event-based programs in
GUISs using static optimization techniques, with experimental re-
sults demonstrating effectiveness. The Observer pattern provides a
mechanism for observers to register interest in state changes and
receive callbacks when events occur. Other patterns, such as Com-
mand and Mediator, have been applied to encapsulate user actions
and coordinate complex interactions among UI components [4].

With the advent of web interfaces and hierarchical document
structures, event propagation became an important research area.
The Document Object Model (DOM) Events specification intro-
duced bubbling and capturing phases, whereby events propagate
through parent and child elements, allowing flexible interception
and cancellation. The proliferation of mobile devices and touch-
screens introduced new types of events and complexities in dispatch
mechanisms: "Swipe", "Flick", "Pinch in/out" gestures require richer
semantic interpretation than traditional click events.

Reactive programming [28] is now considered as a viable alter-
native to imperative event callbacks. Functional Reactive Program-
ming (FRP) [10] treats events as streams of values that can be trans-
formed and combined declaratively. Chen [9] introduces a formal
modeling framework for Java GUI event handling using labeled tran-
sition systems to address nondeterminism and improve correctness.
More recent contributions address event architecture for augmented
paper interfaces, visual languages for end-user event specification,
and optimization techniques for event-based programs. Liu et al.
[25] present a visual language for UI event handling specification
that allows end users to express simple and complex event handling
mechanisms via visual specifications, incorporating event filtering,
tool state querying, and action invocation, with evaluations of its
effectiveness. Additional works cover event-flow models for GUI
testing [18] and event-based profiling for refactoring, that represent
diverse perspectives on event handling.

In sum, while there has been a significant effort towards im-
proving even management in GUIs, developing this part still re-
mains complex to achieve. We regret that existing event-handling
approaches in GUIs still rely on callbacks or listener-based mech-
anisms, which fragment the program logic across multiple han-
dlers and make complex interaction flows difficult to express and
maintain. In contrast, Async/Await enables asynchronous event
processing to be written in a sequential style, allowing developers
to use conventional control-flow constructs while preserving the
responsiveness required in GUIs, which is the goal of this paper.
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3 Preliminaries to Async/Await

To manage /O operations in single-threaded JavaScript, developers
traditionally used callbacks. However, nesting these for sequen-
tial operations leads to callback hell [13] (Listing 1), making code
difficult to maintain.

jQuery.ajax({url: "userPreferenceSimpleMode”,
success(response) {
if (response=="true") {
jQuery.ajax({url:"getSimpleData”,
success(response) {
display(JSON.parse(response));
120
} else {
jQuery.ajax({url:"getFullData",
success(response) {
display(JSON.parse(response));
120
Y

Listing 1: Weaving callbacks and logic: callback hell.

Promises [34] improved this by flattening the structure (Listing
2), yet complex logic remains trapped in callback chains.

fetch("userPreferenceSimpleMode™)
.then(response=> response.text())
.then(response=> {
if (response=="true") {

return fetch("getSimpleData")
} else {

return fetch("getFullData")
i3]
.then(response=>response. json())
.then(response=> display(response))

Listing 2: Promises.

async/await [14] solves this by allowing asynchronous opera-
tions to be written in a synchronous-like style (Listing 3).

let response=await fetch("userPreferenceSimpleMode")

response=await response.text();

let data-await

— (response=="true"?fetch("getSimpleData"):fetch("getFullData"));
display(await data.json())

Listing 3: Async/Await.

As await changes the way instructions are orchestrated, it can
only be used in a function prefixed by the async keyword. It is
important to keep in mind that async/await is not multithreading.
Multithreading is the ability of the operating system to concurrently
run different threads of execution. async/await is a mechanism
that orchestrates the execution order of instructions in a single
thread . Each time await is met, the current execution of the async
function is suspended, and control is given to another task, such
as another awaiting function. An awaiting function can resume
only when its awaiting instruction has been fully resolved. While
this mechanism was designed for I/O operations, the idea behind
this research is to reuse this mechanism with events management
instead. In other words, if we see events as data added to a buffer,
it makes sense to benefit from async/await for the IO operation of
reading from this buffer in order to process each event.

Qe w o e
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4 Introduction to StreamAsync

We developed StreamAsync, a library that provides a function for
streaming promises of specified events. The stream respects the
AsyncIterable[30] interface of modern JavaScript, providing an
AsyncIterator to the for await instruction [20]. This instruction
consumes the promises from a stream, awaiting on each one of them,
and using the resolved result as the value for the iteration variable.

<body>

Counter example: <span id="counter"></span>

<br>

<button id="stop"”></button><button id="start”></button>
</body>

(async () => {
let counter = 0;
while (true) {
for await (const e of stream({ interval: 1000 }, { dom:
— '#stop', event: 'click', hint: 'stop' })) {
if (e.hint == 'stop') break;
document.getElementById("counter™”).innerText = counter++;
'#start', event:

await stream({ dom: 'click" }).next();

3
»NO

Listing 4: StreamAsync example.

The example in Listing 4 illustrates a stopwatch, counting up
each second. A stop button pauses the current count, and the start
button resumes the chronometer. The main benefits of this para-
digm to event management are:

(1) The stream (line #4) function manages many different types
of events, unifying many different APIs. In this example, the

first parameter, the interval event, relies on the setInterval ()

function which does not even trigger events, this function
invokes callbacks instead. The second parameter is the usual
click event on a button, relying on the addEventListener ()
function of the DOM (Document Object Model [41]) element.
(2) The stream function multiplexes many different sources of
events together. As the user interface transitions between
states, there is often a dependency on many different sources
of events. In this example, clicking on the stop button pauses
the chronometer and yields control to the play button. By
reversing this thought process, we deduce that the chronome-
ter ticks are dependent on two sources of events: the time
interval ticks and the stop button.
(3) To simplify the identification of the event inside the loop,
the stream function can decorate the triggered events with
a hint. At line #4, the click event has its hint set to stop,
and line #5 relies on this hint.
The primary advantage of async/await is the ability to write
asynchronous code as if it was synchronous. In lines #4-7,
the code flow matches one-to-one with the behavior of the
user interface. while(true) repeats the cycle of having a
running/paused chronometer. for await(...) loops the
behavior of incrementing the counter every second, and
exiting (break) once the stop button is clicked. At line #8,
await stream(...).next() extracts a single event of the
stream; in other words, it waits until the play button is

—~
N
=
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provides (1)

stream(specl,spec2, ... ): AsyncIterable

consumed by (2)

for await

AsyncIterator
|

' constructor()

ENK
.
~o

interface

return() (5)

I
|
|
1
|
|
1
I
|
|
1
|
|
|
1
|
|
1
I
|
|
1
|

bind specl, AsyncIteratorCallback
bind spec2, AsyncIteraforCallback

push push (3)

B SEETT,

Buffer

unbind specl, AsyncIteratorCallback
unbind spec2, AsyncIteratorCallback

Figure 1: Life cycle of a stream. (1) The stream() function returns an AsyncIterable providing an AsyncIterator to for await (2).
According to the stream specification, callbacks are bound to events pushing events to an internal buffer (3). next() consumes
the events by pulling them from the buffer (4). At the end of life of the iterator, the callbacks are unbound (5).

clicked. The code is relying on the flow control operations
(while, for, break, if) directly matching the UI behavior.

(5) Behind the curtains, stream() relies on APIs provided by
the browser : setInterval (), addEventListener(),and so
forth. An object is returned implementing the AsyncIterable
interface. Each for await pulls an AsyncIterator from it.
The AsyncIterator interface has a notification mechanism
that can precisely pinpoint when the iterator is discarded, en-
abling releasing all allocated resources. In this example, the
clean up calls clearInterval(), removeEventListener()
and so forth. The user interface is not left with unneeded
event listeners, reducing memory leaks and unnecessary
computations. This is an implicit property of this paradigm,
requiring no extra development effort.

StreamAsync supports all DOM events, but also DOM mutation
events (attribute changes, add/remove nodes), different types of
timer events (interval, animation frame, idle), and more. It is easily
extensible to support any other type of events.

5 Implementation

Fig. 1 illustrates the life cycle of a stream:

(1) The stream() function returns an AsyncIteratable object
whose purpose is to create AsyncIterator objects.

(2) Each AsyncIterator is consumed by a for await loop.

(3) At construction, the AsyncIterator object binds callbacks
according to the specification given to the stream() func-
tion. An internal registry maps the different types of specifi-
cation to binding and unbinding functions. This registry is

user extensible. The callbacks push their events to an internal
buffer of the AsyncIterator.

(4) The next() function of the AsyncIterator pulls an event
from the buffer, and returns a promise. There is no guarantee
that an event has been pushed to the buffer before a pull
request, it may or not be the case. Consequently, there are
two special cases to handle: (1) one or more events were al-
ready pushed before the pull request (Fig. 3): the pull request
removes a single event from the buffer using First-In-First-
Out order. (2) the pull request creates an entry in the buffer
as an unresolved promise and extracts its resolve() func-
tion (Fig. 2). As the promise is unresolved, for await will
block on this entry. These two cases are also handled by the
callbacks when pushing entries to the buffer for new events:
(1) there is an unresolved promise in the buffer (Fig. 2): use
the extracted resolve() function to provide the event to
the blocked for await loop, and remove this entry from
the buffer. (2) all promises in the buffer are resolved (Fig. 3):
create a promise auto-resolved to the event, and add it to the
buffer.

(5) The return() function of the AsyncIterator is called when
exiting the for await loop because of a break, a return or
an exception. This function takes the opportunity to call all
unbind functions of step (1), ensuring resources are freed.

The AsyncIterable returned by the stream() function also
provides a close() function that closes all its currently running
AsyncIterators. Thisis achieved by sending a StreamCloseEvent
to all its AsyncIterator running, forcing all associated for await
loops to eventually halt. The library is available at https://codeberg.
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Buffer
pull - empty promise
next() ;——> - exportéd resolve«l\ | |

push AsynclteratorCallback

Figure 2: Internal buffer management for a pull-push.

Buffer

- auto resolved |- auto resolved
promise mise

pull

push -AsynclteratorCallback

Figure 3: Internal buffer management for one or more push-
pulls.

org/DonatienGrolaux/StreamAsync. It is open-sourced under the
MIT license. The core library with support for DOM events is 33KB
of source code (not minified), and the support for reactive pro-
gramming is an extra 54KB (see section 6.6). There is no extra
dependency, the library runs as is in the browser. A documenta-
tion project is available at https://codeberg.org/DonatienGrolaux/
StreamAsyncDocumentation. While the library has been success-
fully used in small scale projects, including all examples of the
documentation project, it remains a proof of concept and has not
been battle tested in large scale applications.

6 Comparison to Other Event Management
Paradigms

By leveraging the async/await mechanism, StreamAsync allows
developers to write code that appears sequential while actually rep-
resenting asynchronous behavior. This characteristic distinguishes
it from most existing event management paradigms. Traditional
approaches typically rely on fixed entry points for event handling,
such as callbacks, which require complex interaction logic to be de-
composed into multiple independent code fragments. Consequently,
conventional control-flow constructs cannot be applied directly,
and additional architectural structures are often necessary to regain
a coherent representation of the GUI behavior.

StreamAsync helps in mitigating this accidental complexity [22],
since asynchronous interactions can be expressed using familiar
sequential control flow. Nevertheless, this approach does not elim-
inate this complexity entirely. Sophisticated behaviors may still
require the coordination of multiple loops or the management of
numerous event sources within these loops. Furthermore, although
JavaScript execution remains single-threaded, the use of await in-
terrupts the synchronous flow of execution, yielding control back
to the main event loop. As a result, concurrency-like issues may
arise, and developers must avoid assumptions about program state
that could be invalidated during these suspension points. To better
understand the benefits and limitations of StreamAsync, we per-
form a systematic comparison to other popular event management
paradigms in this section. Each time, we reproduce the specifics
of the paradigm using StreamAsync. This method informs us of
weaknesses or even loss of capabilities of StreamAsync compared
to other approaches.

1

2
3
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6.1 Async/Await vs. Synchronous
Communication

In traditional interactive terminal scripts, the user interface is con-
siderably simpler and typically limited to synchronous read op-
erations through which the user provides input. This interaction
model is highly constrained, as program execution is halted while
waiting for user input and the scope of interaction remains minimal.
Nevertheless, from a programming perspective, such scripts are
straightforward to implement with respect to user interaction. In
these scripts, program instructions generally correspond directly
to the sequence of interactions with the user. For example, plac-
ing a ‘read’ instruction inside a loop naturally results in repeated
user input requests, thereby producing a cyclic interaction pat-
tern. This direct correspondence between program structure and
interaction flow simplifies reasoning about program behavior. The
async/await mechanism is specifically designed to emulate this
sequential interaction style in asynchronous environments. By al-
lowing asynchronous operations to be expressed in a syntax re-
sembling synchronous code, async/await preserves the intuitive
structure found in terminal-based scripts. StreamAsync leverages
this property to model event-driven interactions in GUIs while
maintaining a programming style that closely resembles traditional
sequential input handling.

6.2 Async/Await vs. Listeners

button.addEventListener("click”, (e) => {
// do something

s

Listing 5: Event listener example.

for await (const e of stream({ dom: button, event: "click” })) {
// do the same

}

Listing 6: StreamAsync event listener correspondence.

The listener in Listing 5 is trivially rewritten in Listing 6. They
look the same, however there is a difference between the two:
for await is asynchronous while addEventListener() is syn-
chronous. In many situations, there is no difference in behavior:
eventually, a piece of code reacts to an event. However, addEventLis-
tener() takes advantage of its synchronous nature to provide control
over the event propagation; should it bubble up to container com-
ponents. Asynchronous management cannot retroactively control
the event propagation, so we mitigate this issue at the event speci-
fication level, as shown in Listing 7.

for await (const e of stream({ dom: button, event: "click”,

< stopPropagation:true, preventDefault:true })) {
// do the same

3

Listing 7: StreamAsync bubbling control.

This is a slight loss of functionality: our approach requires un-
conditional bubbling behavior while event listeners do not.
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6.3 Async/Await vs. Event-bus Pattern

The Event-bus pattern [4] relies on a bus where all events are
posted, and interested parties listen to, filtering for the events they
are interested in. This pattern enables decoupling between emission
and the reception of events [3]. This is useful in complex systems
where it is beneficial to decouple emitters and receptors. Listing 8
shows StreamAsync version of a bus. It is structured as follows:
e Each bus maintains a list of callbacks, using addListener ()
and removelListener() functions.
e Each bus provides an emit () function to broadcast an event
to all callbacks.
StreamAsync provides its own callback to the bus when instancing
an AsyncIterator, so that emit() on the bus ends up pushing
an event to the buffer of the AsyncIterator. Using this approach,
the bus is shared by all emitters and receptors process the bus
through their own for await loop, filtering for the events they are
interested in. This is a direct correspondence to the event-bus.

let bus=stream.bus();

for await(const e of bus) {
if (e meets some condition) {
// do something
3
}

bus.emit(someEvent);
bus.emit(someOtherEvent);

Listing 8: StreamAsync bus.

6.4 Async/Await vs. Frame Animation Loops

This pattern focuses on synchronizing animations with the refresh
rate of a display. This is useful for animation or game development.
Listing 9 shows StreamAsync support for a frame animation loop.
The implementation relies on window.requestAnimationFrame
(callback). This function calls the provided callback once the
browser is ready to draw the next frame, in sync with the display
vertical refresh rate. As this function operates once, for a continuous
animation, it must be called back after each animation step. With
StreamAsync, we assume the drawing of a frame takes place in the
main loop of the for await and it is only when awaiting the follow-
ing event on the stream that window. requestAnimationFrame()
is finally called again. This approach is a direct correspondence to
using frame animation loops in a browser.

for await (const e of stream({ animationFrame: true })) {
. // draw a frame

}

Listing 9: StreamAsync frame animation loop.

6.5 Async/Await vs. Functional-based event
management frameworks

Several events management frameworks rely on functional pro-

gramming: RxJS [11], Bacon.js [33], most.js [6], or Kefir.js [26] to

name a few. They rely on stream of events, like we do, but handle

the streams using a functional programming (FP) paradigm instead

Qe W o e
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of the imperative programming (IP) paradigm of StreamAsync. The
FP approach relies on a number of standard functions that are
piped together to achieve complex effects. Listing 10 illustrates this
principle using Rx]S.

fromEvent (document, 'click').pipe(scan(count => count + 1, 0),
— filter(n => n % 3 === 0)).subscribe(console.log);

Listing 10: RxJS example.

The breakdown of the flow is:

(1) fromEvent(...): Creates the stream from DOM.

(2) scan(...): The "accumulator” (like reduce for arrays) that
keeps track of the total.

(3) filter(...): Only allows values through that satisfy the
condition.

(4) subscribe(. . .): The trigger that finally executes the logic
and prints the result.

Using StreamAsync, this example would be implemented by
Listing 11.

let count=0;

for await (const e of stream({dom:document.body, event:"click”}) {
count++;
if (count % 3 == 0) console.log(count);

Listing 11: StreamAsync version of RxJS example.

It is beyond the scope of this paper to perform a comparison
between FP and IP. Both are Turing-complete and each one can
do what the other can. StreamAsync removes the barriers created
by the functions of FP, which we argue may be beneficial in some
scenario. There is a proposal to extend AsyncIterator to support
FP, which should be to integrated into ECMAScript at some point
in the future[15]. Once this proposal becomes an active standard,
StreamAsync will support both FP and IP paradigms out of the box.

6.6 Async/Await vs. Reactive Programming

As popular UI frameworks for the web are currently based on the
concept of reactive components, we show how a reactive com-
ponent based system is possible with StreamAsync. Reactive web
components are typically composed of three aspects glued together:
(1) A reactive data store that captures the inner state of a com-
ponent;
(2) Reactive functions that affect computations over the reactive
data;
(3) A reactive template that is a HTML fragment referencing
the reactive data store and/or the reactive functions.
Upon changing the reactive data, the reactive functions affected are
called implicitly and the templates are updated; eventually updat-
ing the UL StreamAsync is not reactive programming, however we
can achieve very similar effects. Contrarily to reactive functions,
there is no implicit execution of code with StreamAsync, there is
just regular flow control in a synchronous-like fashion. To mimic
reactive components, we need a data store with observable mu-
tations, which can feed a reactive template, and finally a reactive
component.


https://rxjs.dev/
https://baconjs.github.io/
https://github.com/cujojs/most
https://kefirjs.github.io/kefir/
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6.6.1 Observable Data Store. A JavaScript Proxy is an object where
access and mutations can be intercepted, hence observed. We ex-
tend this functionality to implement a generic observable data
store, adding two important features: first, we recursively extend
the Proxy so that embedded objects are observable too. In other
words, our store can manage a JSON-like nested data structure,
and observe any change, at any depth of this structure; second, we
provide a way to specify which parts of the data structure needs
to be observed. The specification supports paths through the data
structure, wildcards (*) and recursive wildcards (**). The function
store.create() creates a data store. A data store behaves like a
pure JavaScript Object: set a key to a value, read a key, and delete a
key. Listing 12 shows an example of these capabilities. The data store
is independent to StreamAsync, but needed as a building block to
reactive components. An integration is provided with StreamAsync
to observe store changes: store:mystore,key:property.

let s=store.create();
store.addChangelListener(s,
< JSON.stringify(e.detail)) });

store.addChangelListener(s, "a.b", (e) => { console.log("a.b:
< JSON.stringify(e.detail)) });

store.addChangelListener(s, "a.c[*]", (e) => { console.log("a.c[]

"k, (e) => { console.log("**: " +
"o

"

— + JSON.stringify(e.detail)) });

s.a = { a: "Hello"”, c:[] }; // internally, the object is turned into
< a store

s.a.c.push("World"); // triggers the "x*" and "a.c[*]" listeners

Listing 12: Observable data store example.

6.6.2 Reactive Template. The second building block to reactive

components is reactive templates. A stream.reactive(?root, ?store)

function extends StreamAsync by parsing a template root element,
injecting data from a store and placing observers to react to future
changes. The template mechanism supports {{key}} dynamic tem-
plates in text nodes, evaluated to the corresponding key value of
the store. The template mechanism also supports HTML attributes
and HTML properties dynamically tied to store values (Listing 13).

<div>{{message}}</div> <!-- References the key "message” of the
— store -->
<input data-prop="input|value=message"><br> <!-- on 'input

— event, update the 'value' property -->

<button onclick="store.of (this).message="'Hello From

< Change!'">Change!</button><br> <!-- 'store.of(el)' returns
— the store that is in effect for this element-->

Listing 13: Reactive Template.

Internally, stream.reactive() relies on stream() to dynami-
cally update the DOM. Once the DOM is parsed, stream.reactive()
sets up loops that implement the reactivity, similar to Listing 14.
Once the reactivity is set, there is no interpretation overhead, all
updates implemented by direct DOM mutations. Common reac-
tive systems like React or Vue rely on a virtual DOM mechanism.
Their reaction is implemented by rendering the whole template
with the updated data first into a virtual DOM, and then update
the actual DOM to reflect this virtual DOM. This approach may
be more efficient in some scenario where the rendering is delayed
while updates occur, and only the final state is pushed to the actual
DOM. For many common scenarios, it is faster to bypass the virtual
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DOM entirely, and just update the DOM directly. Svelte is a reactive
framework that also relies on direct DOM mutations instead of
virtual DOM, and is considered faster than other frameworks [35].

(async()=>{
for await (const e of stream({store:mystore,
— key:"message"}, stream.once)) {
document.getElementById("message”).
innerText=mystore.message;

}
HO;

Listing 14: Example of the internal updates managed by the
reactive template of StreamAsync.

6.6.3 Reactive Component. The function stream. component (spec)
creates a standard WebComponent[39]. WebComponents are quite
complex to use. StreamAsync greatly simplifies the process. First,
stream. component () relies on a simplified adapter object to a stan-
dard WebComponent. Second, the behavior of the WebComponent
directly benefits from the advantages offered by stream(). A re-
active WebComponent must adapt to different sources of events
(changes to its DOM attributes, changes to its internal data store)
handled by multiple entry points (constructor and methods). Using
StreamAsync, all entry points can be redirected into a single one,
using a single for await loop and usual flow control (Listing 15).

<body>
<h1>my-compo</h1>
<my-compo id="mine">
</my-compo>

</body>

stream. component ({
name: "my-compo”
template: '<input data-prop="input|value=message”><div> Here is
— what you typed: {{message}}</div>'
async init() { // init is called during the WebComponent
— construction
this.getStore().message = "";
stream.reactive(this); // makes this component inner HTML
— reactive.
for await (const e of stream({root:this, dom:"input”,
— event:"dblclick"})) {
this.getStore().message="Don't double click me!";
}
}
»;

Listing 15: Example WebComponent using StreamAsync.

A store is associated to each StreamAsync component, corre-
sponding to its reactive data part. The associated store may be a
new one dedicated to the component, but we also provide a stan-
dardized way to change this behavior and have components share
stores so they can work together. The component adapter provides
a template, and stream.reactive() makes it reactive, extracting
data from its associated store. The reactive template is the only part
of this design that is implicitly reactive: the updates occur as the
store is updated, without any extra intervention. The component
itself is not implicitly reactive, there is no automatic function called
in reaction to a data update. In a way, we may say that the com-
ponent is explicitly reactive: the for await lists the exact events
that trigger a reaction. We argue that this is an advantage to Strea-
mAsync: the explicit execution path yields a clearer view of the


https://svelte.dev/
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component behavior. Using this system, we implemented several
standard components:

e <sa-reactive> makes its content reactive.

e <sa-store> creates a store that can be shared by other stan-
dard components (using their from attribute).

e <sa-template> can create and reuse templates.

e <sa-for> loops over an array from its store to repeat its
content.

e <sa-if>displays its <sa-then> or <sa-else> child depend-
ing on a boolean from its store.

o <sa-switch> displays one of its <sa-case> child depending
on a value from its store.

The implementation of these components is straightforward, thanks
to StreamAsync. The components are still capable enough that they
can map a tree data structure into a tree of components for example.
They are also reactive to dynamic changes to their data stores as
well as changes to their DOM attributes. Comparing this approach
to Vue.js, we made two observations. First, we rely on different
mechanisms to achieve reactivity, leveraging different aspects of
the web platform: async/await, WebComponents. Vue.js, React and
others tend to bypass the browser a lot more, reproducing some of
its functionality in other ways: virtual DOM, custom event mech-
anism, and so forth. Therefore, StreamAsync is a lot simpler: the
store module is around 1000 LoC (Lines of Code), the reactive DOM
module is around 500 LoC, the component module is around 300
LoC, and the standard components all together require around 400
LoC. By focusing on leveraging existing features of the JavaScript
platform, we provide standard WebComponents so that StreamAsync
can provide a migration path to legacy code as it does not impose a
complete technology switch. Complex events management can be
progressively refactored and simplified thanks to stream(). When
relevant, reactive components can be used side by side with legacy
code. Second, the StreamAsync reactivity is explicit instead of being
implicit. With StreamAsync, you cannot write a function depending
on a reactive variable, and expect the function to be called on the
fly when the variable changes. Instead, we have for await loops
on explicit events. We see two benefits: first, we have complete
control on when things happen. For example, we can easily decide
to validate a text field after each keystroke or only after it loses its
focus. Second, the code states its behavior explicitly. With popular
reactive frameworks, a reactive function is called implicitly when
deemed necessary. Hidden execution can make understanding the
actual execution flow quite hard.

6.7 Intermediate conclusion

As this section demonstrated, StreamAsync is able to reproduce all
other event management paradigms that we tested. Obviously, this
study is limited by three factors. We base our reasoning on the core
principles of each paradigm. There certainly exists implementations
with special features that we did not take into account. The focus
is on the core capabilities, without considering performance or
memory consumption, among other possible criteria. While we
have some empirical experience on small scale use of StreamAsync
in real world applications, we lack experience for larger applications
and problems that may emerge at scale.

Donatien Grolaux, Thanh-Diane Nguyen, and Jean Vanderdonckt

The empirical experience gathered during the implementation
of the StreamAsync version of reactive Web components, while lim-
ited, showed a real reduction in complexity over handling regular
WebComponents. Since the async/await model can express other
event-handling paradigms, there should be no loss of functionality
over them. Moreover, its primary contribution lies in its ability to
represent asynchronous event-driven interactions in a more struc-
tured and readable form. This capability constitutes a distinctive
advantage compared to traditional event management techniques.

7 Conclusion and Future Work

This paper explored the use of async/await as a foundational para-
digm for event management in GUIs. Existing GUI event-handling
approaches, such as callbacks, listeners, event buses, functional
streams, and reactive systems, typically require dedicated architec-
tural constructs that fragment program logic across multiple entry
points and abstractions. While these approaches enable powerful
interaction patterns, they also introduce additional complexity and
frequently reimplement mechanisms that already exist within the
underlying execution platform.

To address these limitations, we proposed treating GUI events
as input/output operations that can be consumed through the
async/await model. Building on this idea, we developed Strea-
mAsync, a library that exposes event sources as asynchronous
streams compatible with the AsyncIterable interface. This design
enables developers to express event-driven behaviors using familiar
sequential control flow constructs such as loops, conditionals, and
exception handling. As a result, interaction logic can be written
in a style that closely mirrors the dynamic behavior of the user
interface while maintaining the responsiveness required by asyn-
chronous systems. Through conceptual comparisons with other
paradigms, including synchronous scripts, event listeners, event-
bus architectures, animation loops, functional streams, and reactive
programming, we demonstrated that the async/await approach
can express the functional capabilities of these models while offer-
ing improved clarity and reduced accidental complexity. Although
this paradigm does not eliminate the inherent challenges of complex
interactive systems, it provides a unified and expressive abstrac-
tion that leverages native platform features rather than introducing
additional layers of architecture. Overall, our work suggests that
async/await constitutes a compelling foundation for modern GUI
event management.

Future work could explore static analysis and verification tech-
niques for async/await. Because asynchronous suspension points
may introduce concurrency, tools that help developers reason about
program state, ordering, and potential race conditions would im-
prove reliability in complex applications. While our current imple-
mentation focuses on web GUISs, the underlying principles could be
generalized to other Ul ecosystems such as desktop frameworks or
mobile platforms. Investigating how the StreamAsync abstraction
integrates with different runtime environments and event systems
would help evaluate its generality as a cross-platform interaction
model. Finally, while we showed how StreamAsync can express the
functional capabilities of other event management approaches, and
successfully used to approach to implement reactive components,
we still lack insight and empirical data on its use at larger scale.
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