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by Karsten Sitterberg

First of all: Anyone who has been putting off Angular 
upgrades or is only planning to update at the end of an 
LTS cycle should closely watch current developments 
and evaluate if incremental updates in small steps instead 
of a large leaps makes more sense in terms of effort and 
risk. Of course, we’ll take a look at the Angular Core 
changes as well as TypeScript and Angular Material.

TypeScript
The new Angular version also supports a new version 
of TypeScript. In Angular 17, TypeScript version 5.2 
or higher must be used. Since Angular 16 still required 
TypeScript 5.0, let’s take a look at some interesting new 
features from both TypeScript 5.1 and TypeScript 5.2.

Implicit return when undefined is returned
If a JavaScript function doesn’t contain a return state-
ment, it still always implicitly has undefined as its return 
value. This fact wasn’t reflected in TypeScript yet. If un-
defined was specified as the return type for a function, a 
return statement always had to be used explicitly too. Ad-
ditionally, a function that explicitly returned undefined 
wasn’t compatible with a void function. See Listing 1.

This is now improved in TypeScript 5.1, so the above 
example no longer throws compiler errors. A function 
with undefined as the return type also no longer requires 
an explicit return, similar to the demo1() function in 
Listing 2. Alternatively, an explicit but empty return can 
also be used, as in the demo2() function.

Independent getter and setter types
Previously, TypeScript get and set functions that be-
longed together (for example, if they had the same 
name) had to have compatible types. For a setter that 

can be given the type string|number|boolean, previously 
you could only specify a subtype like string as the cor-
responding getter. In TypeScript 5.1, these types can be 
assigned completely independently, but they must be as-
signed explicitly. See Listing 3.

Decorator Metadata
In TypeScript, a decorator is a function that is given a 
class, property, or method in order to extend the passed 
entity’s behavior. TypeScript 5.2 adds an exciting feature 
specifically for the Angular framework: the ability to add 
metadata to a decorator. This feature was already in the 
Experimental Decorators originally used by Angular, but 

Listing 1: undefined and void were  
previously incompatible in TypeScript

declare function onEvent(f: () => undefined): undefined;  

onEvent(function f() { })

// Argument of type '() => void' is not assignable to parameter of  
� type '() => undefined'.

Listing 2: No more return needed for the 
undefined return type

function demo1(): undefined {
// no returns
}
function demo2(): undefined {
return;
} 

All Angular 17 features at a glance 

Welcome to the  
Angular Renaissance 
There’s a lot going on with Angular. Some people can lose track of things, 
or even become scared of getting overwhelmed. This article examines if 
this concern is justified or if the Angular team’s plan to usher in an Angular 
renaissance can succeed. 
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now it’s also in the stable TypeScript specification. For ex-
ample, in Listing 4, the decorator setMetadata is defined. 
A decorator is a function that’s given the decorated en-
tity as a target and the associated context. The metadata 
property was added to this context object in TypeScript 
5.2. The metadata can be understood as a key-value 
store. Its corresponding TypeScript type is called record. 
The metadata key is the name of the decorated entity; 
in Listing 4, for example, the property demoAmount is 
decorated. Therefore, it becomes a metadata key. Listing 
4 shows how metadata can be written by accessing con-
text.metadata. The decorated entity’s name is in context.
name. In Listing 4, the string Demo data is stored in the 
metadata for each property decorated with @setMeta-
data. Stored metadata can be read from the class with the 
TypeScript metadata symbol (Symbol.metadata).

To better configure a decorator, you can implement 
a decorator factory. It will then return the actual deco-
rator. This is shown in Listing 5 using the DemoMeta 
decorator factory, which receives the metadata key to 
be set and the associated metadata value as parameters 
and returns the configured decorator. The DemoMeta 
factory is used in Listing 5 to add the metadata entry 
'entity' with the value '3270' to the DemoClass class. 
The metadata entry 'demo' with the value '42' is added 
to the demoMethod() method. Then, the class metadata 
is accessed again with Symbol.metadata.

After our look at TypeScript, next we will turn to the 
Angular CLI. This is typically used to build Angular ap-
plications.

Angular CLI
The Angular team provides the Angular CLI for devel-
opers to manage Angular projects. An important step in 
Angular CLI 17 is the Angular build system update. In 
Angular CLI 17, newly created projects are now built 
with the new build system based on esbuild as the stand-
ard for the first time. This is primarily meant to speed up 
the build and optimize the build result or make it smaller.

The new name Vite (pronounced like the French. “vite” 
= “fast”) based live development server promises a better, 
faster development cycle. For example, Vite lets you apply 
changes to the global CSS without needing a live reload.

For apps to be built entirely with the esbuild-based 
build system in the future, the esbuild builder needed 
some enhancements. For example, basic support for 
checking Angular CLI bundle budgets was added to help 
developers keep track of the size of JavaScript and CSS 
files generated in the build. Basic support for building 
WebWorkers has also been added. These are a browser-
native feature, but still must be considered in the Angu-
lar build, since worker scripts are typically written with 
TypeScript. The old builder was already able to do this, 
and now the new esbuild builder follows suit.

Since they’re built in Angular, SPAs have one disad-
vantage. Once the initial web page has loaded, some 
scripts must first be loaded, which start the application. 
Depending on the internet connection and the page size, 
this takes a moment. Along with the fact that scripts 
have to be executed in order to display the content of the 
page, this is bad for the page’s SEO ranking.

Previously, the @nguniversal package could be used to 
make an Angular application SEO-fit. @nguniversal can 
(pre-)render an Angular application on the server side. 
The page content is visible immediately after the HTML 

Listing 4: Set and read metadata in Ty-
peScript

interface Context {
name: string;
metadata: Record<PropertyKey, unknown>;
}
function setMetadata(_target: any, context: Context) {
context.metadata[context.name] = 'Demo-Data';
}
class MyClass {
@setMetadata
demoAmount = 123;
@setMetadata
demoAction() { }
}  
const ourMetadata = MyClass[Symbol.metadata];
console.log(JSON.stringify(ourMetadata));
// { "demoAmount": "Demo-Data", "demoAction": "Demo-Data" } 

Listing 5: Example Decorator Factory in 
TypeScript

function DemoMeta(key: string, value: string) {
return (_: any, context: Context) => {
context.metadata[key] = value;
};
}  

@DemoMeta('entity', '3270')
class DemoClass {
@DemoMeta('demo', '42')
demoMethod() {}
}  

DemoClass[Symbol.metadata].entity; // '3270'
DemoClass[Symbol.metadata].demo; // '42' 

Listing 3: Independent getter and setter 
types.

interface MyElementStyling {
set style(newValue: string);
get style(): CSSStyleDeclaration;
}
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has been loaded, since it no longer has to be generated 
dynamically in the client. This leads to a fast page load, 
better usability, and a better SEO ranking. Previously, 
the pre-rendering packages were in a separate namespace 
@nguniversal, although these packages were also main-
tained by the Angular team. In Angular 17, most of the 
code has been moved from @nguniversal to the @angular/
ssr package in the @angular namespace. However, apart 
from renaming, the functionality is essentially the same.

The topic of SSR (Server Side (pre-) Rendering) has 
become more important to the Angular team, as can 
be seen from the above change and the fact that it has 
become easier to integrate packages. When creating a 
new Angular 17 project, you’ll be asked if server-side 
rendering should be activated. Alternatively, the new 
option ng new --ssr can be used to generate a project 
with preconfigured SSR. In this project, Angular 16’s 
hydration is also directly activated. This will ensure a 

seamless transition from the server-side generated page 
to the fully functional Angular app without flickering.

Breaking Changes in Angular CLI 17
Angular 17 keeps its own dependencies up to date. At 
least TypeScript version 5.2 and zone.js version 0.14.0 
must now be used for Angular and Angular CLI. The min-
imum required node.js version is upgraded to 18.13.0.

Some defaults have also been replaced in Angular 
CLI. For example, when a new application is generated, 
the Angular router is now initialized by default. This 
wasn’t previously the case. If no routing is needed, the 
command line option --no-routing must be specified.

As of Angular CLI 17, all applications are generated 
as standalone applications by default, such as an appli-
cation without @NgModule().

Another changed default value concerns the Angular 
interceptors. Angular HTTP interceptors can be generat-
ed with the ng g interceptor command. Previously, class-
based interceptors were generated with this command. 
In Angular CLI 17, functional interceptors are gener-
ated instead. If a class-based interceptor is generated, the 
--no-functional option must be added to the command.

Angular
Angular 17 comes with a lot of new features. The An-
gular team calls it one of the “biggest” releases in its 
history. Besides the version updates for zone.js and 
TypeScript, it also offers many smaller and larger in-
novations. Two innovations related to the new APIs 
regarding Signals have already been added in Angular 
16.2.0. Namely, it adds two new component lifecycle 
hooks. These are special because they don’t have to be 
implemented with an interface like conventional lifecy-
cle hooks. They can be called as a callback function. 
This is similar to the computed() function in Signals. 
Listing 6 shows an example with the new hooks. The 
two hooks are called afterRender() and afterNextRen-
der() and are executed, according to their name, after 
Angular renders the respective component. The differ-

Figure 1: Old Angular-Logo on the left and new Angular-Logo on the 
right.

Listing 6: Implementing the new  
lifecycle hooks

@Component({})
export class DemoComponent {
val = 42;
constructor() {
afterRender(() => {
console.log('afterRender', this.val);
});
afterNextRender(() => {
console.log('afterNextRender', this.val);
});
}
}

Renovate your Angular App!
Michael Egger-Zikes (Intauria GmbH)

The Angular Team is currently pushing the 
popular enterprise frontend framework 
into a bright future. New APIs proved to be 
solid in the JavaScript ecosystem and 

quicker start-up time introduced more advanced serv-
er-side rendering support. Combined with the new 
Control Flow syntax, it feels like a perfect joint venture 
between Svelte and .NET. The Standalone APIs make 
NgModules optional too. RxJS and Zone.js won’t be a 
mandatory dependency in the future anymore. But 
what does this mean for your current codebase? Which 
refactoring strategy is the best compromise between 
good preparation for the future and tight project budg-
ets? The good news is that all of this comes with back-
ward compatibility in mind. It is your decision which 
pace to use to refactor your codebase to the latest 
framework features. In a practical session, we’ll discuss 
those new APIs and discover ways to transform your 
code into a future-proof application.

https://javascript-conference.com/angular/renovate-angular-app/?loc=sd/?utm_source=pdf&utm_medium=referral&utm_campaign=iJS_magazine1_24
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ence between the two hooks is that afterNextRender() is 
only called once, after the next rendering process, while 
afterRender() remains active as long as the component 
is active. However, these two hooks are still listed as 
Developer Preview and are subject to change.

Signals
An important detail in Angular 17 is that the signals 
introduced in Angular 16 are now stable. The goal 
of introducing Signals was to make zone.js optional 
by introducing a new, signal-based change detection 
mechanism. In Angular 17, the team has come a step 
closer to this goal. Signals enable local change detec-
tion, a change detection process that only refers to the 
components that have changed (signal) values.  Fig-
ure 1 shows an example of the difference between the 
change detection mechanisms. In the standard case, the 
complete component graph is checked for each asyn-
chronous event. With OnPush-ChangeDetection, com-
ponents that triggered the change detection or have 

changed @Input() values and their respective parent 
components (up to the AppComponent) are checked. 
With Signals, you can now check only the components 
that have changed signal values.

Animations
Animations can be reloaded in Angular 17 with lazy 
loading. The browser must first load smaller bundles, 
making the initial application smaller, leading to short-
er application loading and start times. To activate lazy 
loading for animations, the provideAnimationsAsync() 
function must be used. Here, the BrowserAnimation-
Module should no longer be imported and the provid-
eAnimations() function should no longer be used.

The special thing about an SPA is that, as a rule, an 
HTML document is only loaded when the application 
starts. When switching to a different route, only compo-
nents in the browser DOM are exchanged. Animations 
cannot simply be executed on page load, as is the case 
with server-side applications. Instead, animations must 
be better adapted to SPA logic, such as route changes. 
This is what the new View Transitions DOM API [1] 
is designed for. This API provides the callback docu-
ment.startViewTransition(), which tells the browser 
that a view transition will start. Logic can be passed to 
the function that defines how the browser DOM should 
look at the end of the transition. The transition anima-
tion can be created using special CSS pseudo selectors. 
Angular uses this new API in the Angular 17 router so 
that a view transition is started for each navigation. 
However, since the View Transition feature is still ex-
perimental and has only been implemented in Chrome 
and Edge, router navigation in browsers such as Firefox 
or Safari continues to take place synchronously. To ac-
tivate ViewTransitions, the withViewTransitions() func-
tion can be added to the router at startup. In Listing 7, 
the withViewTransitions() is also given a configuration 
object in which an onViewTransitionCreated() callback 
can be defined if additional (animation) logic is needed.

New Control Flow Syntax
The biggest and most far-reaching innovation for devel-
opers, and the biggest innovation in Angular in terms 
of template syntax, is the new control flow syntax. In 
Angular 17, this syntax is still in a developer preview. 
But in the future, it will completely replace the previ-

Listing 7: Activating the ViewTransi-
tions in the AppModule or app.config

provideRouter(
routes,
withViewTransitions({
onViewTransitionCreated: transitionInfo => {
}
})
), 

Listing 8: Previous “Control Flow” with 
Angular Directives

<div><span *ngIf="show">Content here</span></div> 

Listing 9: “@if” with the new Control 
Flow syntax in Angular 17

<div>@if (show) { <span>Content here</span> }</div>

Figure 2: 
Com-
paring 
change 
detection 
mecha-
nisms
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ous directives *ngIf, *ngFor and ngSwitch. The logic 
of these directives will become part of the framework 
itself, instead of “normal” directives. This will allow 
the Angular team to better optimize the respective logic. 
Signals and the goal of making zone.js optional with the 
help of Signals were also a key reason for these innova-
tions, since the old control flow directives were based on 
and needed zone.js.

Besides the control flow logic, another feature that can 
be implemented thanks to the new syntax is a new form of 
lazy loading at component level. This feature, also known 
as “deferrable views”, is discussed in more detail below.

First, let's familiarize ourselves with the basic syntax. 
Until now, control flow in Angular templates was han-
dled by structural directives like *ngIf and *ngFor. See 
Listing 8. In the future, structural directives can still be 
used and built, but *ngIf, *ngFor and ngSwitch will be 
implemented with the new syntax. The example in List-
ing 8 can be easily rewritten in the new syntax, as shown 
in Listing 9. You’ll see that the if is no longer an HTML 
attribute, but an independent syntax construct marked 
with an @. The condition is specified in round brackets, 
just like in TypeScript. This is followed by the template 
to be displayed in single curly brackets.

Incidentally, the new syntax has changed slightly since 
the first RFC. In the original proposal, the example in 
Listing 9 would look a little more complex: ({#if show} 
... {/if} statt @if (show) { ... }).

The new syntax has a clear advantage over the old 
structural directives, especially for if-elseif-else condi-
tions. Previously, separate templates had to be created 
in an "" element for the else case. if-elseif-else constructs 
weren’t possible at all. if-else constructs had to be nested 
instead. Listing 10 shows the new syntax, where both 
are easily possible. The syntax is reminiscent of Java
Script. It’s important here that the keywords @if and @
else are always preceded by an @.

The *ngFor directive will also be replaced with the 
new control flow syntax @for. Listing 11 shows the cor-
responding syntax. You will immediately see that in the 
for statement, item of items is now written. It is no longer 
let item of items, as was needed with *ngFor. You must 
now specify a track option that takes over the role of the 
trackBy option from *ngFor. There is an important dif-
ference here. The new @for-track option isn’t optional, it 
must always be specified. It’s used internally by Angular 
to optimize rendering the list so that the list does not have 
to be completely re-rendered all the time, especially if just 

individual list entries are changed. A completely 
new algorithm for list rendering was made pos-
sible by the new @for syntax. It also helps here 
and shows significant performance improvement 
in benchmarks compared to the old algorithm. 
The value specified in the track expression must 
identify the respective collection entry. If an array 
of objects is iterated over, the respective object ID 
should be used, as seen in Listing 11. If you are 
iterating over an array of primitive values, you 
can simply use the value itself (track item).

An innovation that we did not know from 
*ngFor until now is @for can be extended by @
empty{}. The template code in the @empty ex-
pression is always displayed if the transferred list 
(here items) has no entries or is null or undefined.

Several implicit variables can also be used 
within the @for expression to display the cur-
rent loop iteration index (via $index), for ex-
ample. See Listing 11. You can also access the 
loop length ($count) to check if the current loop 
index is even ($even) or odd ($odd), or if it is the 
first ($first) or last ($last) loop element.

Previously, three directives were used to im-
plement a switch case statement: ngSwitch and 
the structural directives *ngSwitchCase and 
*ngSwitchDefault. With the new syntax, @
switch, @case and @default can now be used, 
as seen in Listing 12. Of course, you can still 
switch via primitive values or enum values, for 
instance. Just like the other control flow state-
ments, normal Angular template code can be 
used as the cases content. You can also nest the 
control flow statements.

Listing 11: Example  
of a loop with the  
new @for Syntax in 
Angular 17

@for (item of items; track item.id) {
<p>Element Nummer {{$index}}: 
{{item.name}}</p>
} @empty {
<p>No items</p>}

Listing 12: Example  
of a switch case with 
the new @switch  
syntax in Angular 17

@switch (value) {
@case (1) {
<div>case one</div>
}
@case (2) {
<p>case two</p>
}
@default {
<span>Default-case</span>
}
}

Listing 13: Example 
of the new @defer 
expression in  
Angular 17

@defer (when isLoaded) {
<app-main-content/>
} @loading {
<p>Loading...</p>
} @placeholder {
<icon>pending</icon>
} @error {
Failed to load
} 

Listing 10: @if-@
else  with Angular 17 
Control Flow syntax 
in the template

@if (show) {
<div>case content 1</div>
} @else if (otherCond) {
<div>case content 2</div>
} @else {
<div>other content</div>
} 
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The last element of the new control flow syntax offers 
new syntax and completely new functionality. Deferred 
Views (with @defer) enable lazy loading at the compo-
nent level without needing the router or complex renderer 
constructs. An example of a deferred view can be seen in 
Listing 13. Here, the component "" is the component that 
will be reloaded. The when expression is optional. If it’s 
omitted, lazy loading begins once the outer component is 
rendered. Otherwise, the when expression can be used to 
load the @defer block’s content only after a certain con-

dition occurs. In the simplest case, a Boolean expression 
(isLoaded) can be queried, as seen in Listing 13.

In addition to the @defer block, Listing 13 shows 
more optional blocks. A template can be specified in @
loading to represent the loading status, like a loading 
spinner. The loading status is displayed the moment 
the Boolean condition (here isLoading) changes to true. 
When the "" component is loaded and rendered, the 
loading status is automatically removed. Developers 
should be especially careful with the loading state and 
avoid UX pitfalls. One large spinner for the entire page 
is easier for a user to digest than 20 simultaneously ac-
tive spinners spread across the entire page and all indi-
vidual components. When using load states, take care to 
make sure the page doesn’t permanently “flicker” due to 
piecemeal reloading the smallest page elements or that 
the content doesn’t constantly shift back and forth.

Here, @placeholder content is displayed until the is-
Loaded condition first has the value false. One impor-
tant note here: @defer doesn’t work like @if in the sense 
that you can switch back and forth between the values. 
Once isLoaded has the value true, the lazy loaded com-
ponent is displayed. Even if isLoaded is manually reset 
to false, the @defer content continues to be displayed 
and doesn’t switch back to the @placeholder content.

If an error occurs when reloading the @defer content, 
(due to a network interruption, for example), content 
from the @error block is displayed.

Besides the when specification with a Boolean ex-
pression, you can also specify an on condition. Listing 
14 shows an example of the on immediate and the on 
idle condition. Here, on immediate behaves as if the 
expression were omitted. Once the outer component is 
rendered, components in the defer block are reloaded. 
With on idle, the components are loaded as soon as the 
browser is in the idle state (technically, this corresponds 
to the browser’s requestIdleCallback() function).

In addition to these fairly static specifications, you can 
also react to dynamic user interactions with the on inter-
action conditions. To react to an interaction, an element 
that the user should interact with must be specified. The 
example in Listing 15 shows that either an external ele-
ment like a button, can be transferred to the interaction 
condition using a template reference variable. Alterna-
tively, this explicit assignment can be omitted. But then 
a @placeholder must be specified, since the placeholder 
content serves as the interaction element. This is shown 
in the middle of Listing 15.

This could be used to reload a detailed view at the 
push of a button, which contains complex parsing logic 
(or parsing and displaying XML) in the form of compo-
nents and services that should only reload on demand.

The on hover condition works similarly to the on in-
teraction specification. See Listing 15. The only differ-
ence is that instead of an interaction, you only need to 
hover over the trigger element.

Instead of direct user interaction, you can also load a 
defer block when another (trigger) element comes into 

Listing 15: Options for loading defer con-
tent based on an interaction trigger

@defer (on interaction(trigger)) 
{
<app-my-content/>
}
<button #trigger>Trigger 
� </button>  

@defer (on interaction) {
<app-my-content/>

} @placeholder {
<button>Trigger</button>
}  

@defer (on hover(trigger)) {
<app-my-display/>
}
<button #trigger>Trigger 
� </button>

Listing 16: Viewport triggers are used to 
load content when the trigger element  
is visible (in the viewport)

@defer (on viewport(trigger)) {
<app-my-content/>
}
<div #trigger style="margin-top: 1500px">Content</div> 

Listing 17: Timer condition and  
minimum specifications

@defer (on timer(1500ms)) {
<app-my-content/>
}
@loading (after 100ms; minimum 150ms) {
<p>...Loading...</p>
}
@placeholder (minimum 100ms) {
Placeholder
}

Listing 14: Examples of on expressions 
that load directly or only in the idle state

@defer (on immediate) {
//...
@defer (on idle) {
//... 
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the visible viewport. for instance, when the user scrolls 
to the trigger element. See Listing 16. Instead of the ex-
ternal trigger element, the placeholder can also be used 
as an implicit trigger element.

Last but not least, a defer block can also be reloaded 
using a time trigger. You must give a trigger a duration 
to load the component after. For example, Listing 17 
specifies that the defer block should start loading the "" 
component after 1.5 seconds.

Regardless of the on condition used, the @loading 
block can be given an after and/or a minimum duration. 
In Listing 17, the after specification ensures that the 
loading state is displayed after 100 milliseconds at the 
earliest. The minimum specification makes sure that the 
loading state is displayed for at least 150 milliseconds. 
Similarly, the minimum specification for @placeholder 
ensures that the placeholder is displayed for at least 150 
milliseconds before displaying the loading state.

The new defer syntax also allows direct optimiza-
tion. An optional prefetch statement can also be speci-
fied in the defer condition. The logic specified after the 
prefetch statement corresponds to the defer logic de-
scribed above. In Listing 18, a component should only 
be displayed when the state of the variable isVisible 
changes to true. The prefetch condition is used so the 
component can be displayed now without loading time. 
Once the prefetchCondition variable changes to true, 
Angular prefetches the @defer block content. If isVis-
ible changes to true, no more loading time is needed, 
since the component is already present and only needs 
to be rendered. In the example shown in Listing 18, an 
on condition is used for pre-fetching instead of a when 
condition. In this case, Angular starts reloading the 
component when the outer component has rendered. 
Angular CLI 17 will have an automatic migration to 
transform the old control flow directives to the new 
syntax. This should simplify changing to the new syn-
tax. But at least in Angular 17, both syntax variants can 
still be used.

Breaking Changes
Since Angular 17 is a major release, there’s also a few 
breaking changes. One breaking change concerns the 
Signal feature introduced in Angular 16. Signals were 
still in a preview mode in Angular 16, hence the short 
time until this change. With Signals, it’s been shown that 
the signal.mutate() function can cause inconsistencies in 
the application. Therefore, the option to change a Signal 
has been removed. Signals should no longer be changed 
by mutation, but should be used like an immutable data 
structure instead. Listing 19 shows an example of how a 
Signal containing an array could previously be changed 
and how it should be done from Angular 17 onwards.

Besides Signals, there are also breaking changes in the 
router. So far, this has the properties:

•	canceledNavigationResolution
•	paramsInheritanceStrategy
•	titleStrategy
•	urlUpdateStrategy
•	malformedUriErrorHandler
•	urlHandlingStrategy

With Angular 17, these properties were removed from 
the router’s public API. Instead of using the router, 
these properties should now be configured with the cor-
responding configuration parameters in the provideR-
outer() function or the RouterModule.forRoot() hook.

Angular 17 in Practice
The changes allow new types of architecture and opti-
mizations which were previously impossible or difficult 
to implement. An example from practice illustrates this:

A played a leading role in developing an integrated plat-
form to provide effective, secure, fully GDPR-compliant 
remote training. If you look at a live screenshot (Figure 

Listing 19: Comparing adding items to a 
Signal<Array> between Angular 16/17

// With Angular 16
items.mutate(itemsArray => itemsArray.push(newItem));

// From Angular 17:
items.update(itemsArray => [itemsArray, ...newItem]);

Listing 18: Prefetch conditions
@defer (when isVisible; prefetch when prefetchCondition) {
//...
@defer (when isVisible; prefetch on immediate) {
//... 

Change Detection: A Deep-Dive Into 
Angular’s Rendering Model
Rainer Hahnekamp (AngularArchitects.io)

At the core of every frontend framework lies 
the rendering process, a defining factor for 
performance and, consequently, the suc-
cess of the framework. In Angular, this 

process seems almost magical. When we modify a 
property, the change promptly appears in the UI. This is 
commonly known as change detection. However, nu-
merous other terms are often thrown into the mix, such 
as zone.js, dirty marking, OnPush, and Signals. Through 
animations and live coding, I’ll break down the inner 
workings of change detection so that you will be able to 
customize it to your own needs.

https://javascript-conference.com/angular/change-detection-angular-rendering-model/?loc=sd/?utm_source=pdf&utm_medium=referral&utm_campaign=iJS_magazine1_24
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3), you’ll see that the audio and video control is directly 
available in the primary view (bottom left switch). This 
means that the associated components and services cannot 
be reloaded later with lazy loading, since there’s no nested 
route that would allow the code to be split accordingly.

This is now possible thanks to the new option to carry 
out code splitting and lazy loading at the component lev-
el. This means that initial application loads are consider-
ably faster, since audio/video functionality in particular 
is complex and accounts for large portions of the code.

It is also advantageous to be able to do without zone.js 
and implement better controlled and fine-grained change 
detection using Signals. This leads to an overall improved 
performance and reduced load on the client system.

On the other hand, this requires corresponding chang-
es that cannot be implemented by an automatic code 
transformation. All involved developers must learn the 
new concepts and master them in depth in order to ef-
fectively and meaningfully use these new possibilities.

By the way, what about the Angular module system? 
It still exists today, but the plan is to make modules 
optional in the future. This is also intended to make it 
easier for new developers to get started with Angular.

Angular Material
Angular Material 17 introduces both an important and 
significant change for developers still using old Mate-
rial components, known as legacy since Angular 15. 
Angular 15 is called legacy because the Angular Ma-
terial team decided to replace the previously used CSS 
with the official Google Material Design Components 
(MDC) style. Because some components needed to be 
significantly revised, the Angular Material team prefixed 

the old versions with Legacy and deprecated them, but 
they are still allowed to be used.

In Angular Material 17, all legacy components with a 
modern MDC counterpart will be removed. This means 
that applications must be migrated to the new MDC-
based Material components by Angular 17.

In the JavaScript universe, there are several ways to 
work with dates. To be able to use these different date-
time libraries in Angular Material as well, Angular Ma-
terial offers a DateAdapter. The DateAdapter  is then 
used by the Datepicker, for example, for date manage-
ment. The DateAdapter is an abstract class that must 
be implemented to use a specific date-time library. An-
gular Material includes the built-in NativeDateAdapter, 
which simply uses the native Date object available in the 
browser for data management.

This NativeDateAdapter has previously received the 
Platform service via constructor injection. With Angular 
Material 17, this is no longer the case. In addition, the 
NativeDateAdapter no longer uses constructor injection 
generally, but the inject() function instead. This major 
change has an impact in particular, if you have created 
the NativeDateAdapter yourself using a constructor, for 
example in unit tests. This is no longer possible, instead 
the NativeDateAdapter must be created using Angular's 
dependency injection.

Important Changes in CSS
To integrate Angular Material styles into SCSS, the @
import mechanism of SCSS could be previously used. 
However, since this mechanism has long since been dep-
recated on the SCSS side, the @import option has now 
also been removed on the Angular Material side. As of 

Figure 3: A complex Angular real-time application
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Angular Material 17, the new SCSS @use syntax must 
be used to import the Material styles.

If you want to use Angular Material with custom 
styling, you can do so using the Material theming API. 
Previously, Material did not check whether the custom 
themes were formally correct but with Angular Material 
17, these are now strictly validated. For example, if the 
mat.button-typography mixin is used with a theme in 
which typography: null is set, there will now be an error 
during the SCSS build.

In addition to importing the global Material styles, it’s 
also possible to load only the styles for individual com-
ponents in the build. To do this, you can use the SCSS 
mixin mat.-theme, where "" corresponds to the compo-
nent name, for example card, checkbox, radio, or list.

Additionally, you can also load only individual parts of 
the component styles, such as the button typography (via 
the mixin mat.-typography), the colors (via the mixin mat.-
color), or the density styles (you could also say spacing 
styles, the mixin is mat.-density). With Angular Material 
17, even more styles have been added that are available in 
the component -theme mixins, but not in the sub-mixins. 
To use these styles, you must then use the mat.-base mixin. 
To add the basic styles for all components, there is now 
also the mixin mat.all-component-bases.

Conclusion
Is Angular still known as the framework with long-term 
investment security? Is Angular’s popularity waning or 
is the framework able to conquer new target groups 
without alienating existing teams and developers? Or is 
there even a plan to consciously abandon existing teams 
and developers in order to modernize Angular?

Angular is being renewed so quickly that it feels al-
most like a new framework altogether. It will be inter-
esting to see how long the old concepts will continue to 
be supported. After all, an ng-upgrade transformation 
of the source code is not enough;users also need to learn 
new concepts and replace old ones, which can temporar-
ily reduce productivity. To what extent do third-party 
libraries support old and new Angular concepts? This 
is an important question, as the Angular team’s com-
munication with existing users could be improved. Ad-
ditionally, users are concerned about Google's history 
of discontinuing products, which raises doubts about 
Angular’s long-term viability.

The new Angular features are well-designed and en-
able new architectures and even more high-performance 
front-end applications. They also significantly improve 
the developer experience, especially by providing op-
tions for expressing if-elseif-else statements.

The rapid development pace of recent Angular ver-
sions could be challenging especially for enterprise cus-
tomers and large projects with long-term maintenance 
requirements. Existing users may find it difficult to keep 
up, which could lead to frustration and concerns about 
investments made, and could ultimately limit Angular's 
adoption and traction with new users.

The Angular team could certainly work on improv-
ing its relationship with users by communicating more 
sensitively and carefully considering the risks and ben-
efits of new features. Java is a good example of this: it 
consistently innovates, but with enough lead time and 
maximum compatibility even with very old codebases. 
Which is why Java is the preferred language in the enter-
prise environment. The Angular Ivy migration and Java 
Loom project would be a good comparison, massive 
benefits were created through high-quality engineering, 
without requiring developers to make massive efforts 
themselves. It’s clear that this can’t always be achieved, 
but it’s perhaps worth keeping this in mind as a goal.

For Angular beginners, it's best to orient yourself with 
the latest concepts and avoid outdated literature, blog 
posts, and training courses.

Karsten Sitterberg holds a master's degree in Physics and is 
an Oracle-certified Java developer who specialises in modern 
Web APIs and frameworks such as Angular, Vue, and React. In 
his workshops, articles, and presentations, he regularly reports 
on new trends and interesting developments in the world of 

frontend tech. He is the co-founder of the meetup series "Frontend Fre-
unde," the Java User Group Münster, and the Münster Cloud Meetup.

Links & Ressources

[1]	 https://developer.mozilla.org/en-US/docs/Web/API/View_
Transitions_API

Modern Angular Workshop
Michael Egger-Zikes (Intauria GmbH),  
Rainer Hahnekamp (AngularArchitects.io)

Since version 14, Angular has 
experienced a resurgence. It all 
began with the introduction of 
Standalone Components, but it 

has now evolved into a new generation with Signals and 
advanced hydration features, as seen in the current 
Angular version 17. In this workshop, we will delve into 
the modern Angular application landscape. Starting from 
an architectural perspective, we will explore the applica-
tion of Domain-Driven Design, Modularized Applications, 
and touch briefly on Micro Frontends. You will learn how 
to effectively scale your teams and applications to meet 
your business requirements. We will then shift our focus 
towards Signals and their transformative impact on 
Angular development. For that, we will use the Signal 
Store from ngrx. Finally, we will also discuss how we can 
test our application using the Cypress Component Test 
Runner. To fully participate in this workshop, it is recom-
mended that you already possess familiarity with Angular 
and its core concepts. Join me for this immersive work-
shop, where you will gain valuable insights into the 
modern landscape of Angular development.

https://javascript-conference.com/angular/modern-angular-workshop/?loc=sd/?utm_source=pdf&utm_medium=referral&utm_campaign=iJS_magazine1_24
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by Nils Hartmann

JavaScript has a dynamic type system. Variables and 
function parameters can take on any values in it, as well 
as any types. Explicit specification of types is not pos-
sible. This means you have a great deal of freedom and 
flexibility, but the approach is also error-prone and can 
quickly lead to problems during both further develop-
ment and while using code.

TypeScript addresses this problem and provides a 
static type system for JavaScript. To deal with the com-
plexity arising from JavaScript’s dynamic type system, 
you can write normal type annotations in TypeScript 
and describe types programmatically with a kind of me-
ta-programming language. The following will explain 
this meta-language using a typical JavaScript function 
from a technical point of view and the correct types will 
be developed. Source code for this article can be found 
in a “TypeScript Playground”.

Listing 1 shows a function with the technical idea 
to check an object with values. It is intended to be 
an example for functions that accept random data 
and return it in a modified form. The validate func-
tion expects two JavaScript objects. The first is an ob-
ject value, which contains the set of values that will 
be checked. The second parameter is also a JavaScript 
object, rules, which contains callback functions that 
the validate function can use to check individual values 
of the values object. Implementing the validate func-

tion calls the validate function for the corresponding 
rule function from the rules object for each entry in 
the  values  object. This returns the validation result 
for each entry (either true or false, depending on if the 
value is valid or not). If a function is stored under a key 
in the values object, its return value will be passed to 
the rules function. If a function is stored under a key in 
the values object, then its return value will be passed to 
the rules function.

Listing 1
function validate(values, rules) {
  // Implementation omitted
}
 
const person = {
  firstname: "Klaus",
  age: 32,
  sallary() { return 60000 }
}
 
const personRules = {
  validateFirstname(s) { 
    return s.length > 3
  },
  validateSallary(n) {

    return n > 1000;
  }
}
 
const result = validate(person, 
personRules);
 
if (result.firstname === false) {
  // firstname invalid
}
 
if (result.sallary === true) {
 // salary valid
}

Exploiting TypeScript’s type system 

TypeScript’s Meta-
programming  
Language 
TypeScript extends JavaScript with a static type system that can be used 
to write more than just simple type annotations to variables and parame-
ters. In fact, TypeScript brings a kind of metaprogramming language that 
can be used to describe types programmatically. This allows complex 
(JavaScript) code structures to be described in a type-safe manner. This 
article will introduce this meta-language with some examples. 

http://javascript-conference.com
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In order for the validate function to know which func-
tion in the rules object belongs to which field in the val-
ues object, the functions should be stored under a key 
with a similar name to the corresponding key in the val-
ues object. The name should follow the pattern validate-
FieldName, beginning with the string validate, followed 
by the key name with a capital letter. If there is an en-
try firstname in the rules object set to the type string (or 
whose value is the type string), then the validate func-
tion in the rules object expects a function under the 
key validateFirstname  that can accept a parameter of 
the type string. It will then return a boolean. If this func-
tion does not exist in the rules object, then the value is 
considered valid without testing.

Then, the validate function returns an object contain-
ing the results of the checks. In it, the names of the keys 
correspond to the keys in the values object and the val-
ues are the result of the validation (true or false).

This behavior can be implemented in JavaScript with-
out problem (at least from the point of view of the type 
system), since the very general data type object can be 
used both for the parameters and their return value. An 
object can be created in JavaScript at any time without 
describing its type or its infrastructure in more detail, or 
at all. In comparison, in languages like Java or C#, de-
velopers may need to implement multiple classes or in-
terfaces in each case Then the validation function would 
have to know, based on rules, which field in the class for 
the function parameter should correspond to which field 
in the rule and return type.

In TypeScript, the type-level rules described above 
can be described with a Mapped type. This can be used 
to express rules, like: “Whatever keys are contained in 
the object passed to the validate function as the first 
parameter, the return type will be that all keys of the 
passed object are present, but the values will be of the 
type boolean.” Or: “The second parameter should be 

an object containing keys that match the named naming 
convention - and no keys beyond that.”

Without having to manually write types for each ob-
ject to be validated, TypeScript knows what function 
arguments and the return type look like. With this in-
formation, TypeScript can (as with an explicitly defined 
type) verify correct usage and assist with development 
with code completion, etc. The concept of mapped types 
is very powerful, which the examples below will intro-
duce step-by-step. Finally, the validate function can be 
described in a completely type-safe manner.

Generics
As in other programming languages, generics are used 
in TypeScript to describe general types or general func-
tion signatures. This allows type variables to be de-
clared on a function which can assume the type of a 
function argument and be reused in other places in the 
function signature. Let’s have an example. A fictitious 
function saveToDatabase is to write an arbitrary value 
into a database. It can also change this value (for ex-
ample, by incrementing a version counter) and return 
the updated value to the caller. In principle, the method 
signature in TypeScript could use the any type, to which 
all values can be assigned (Listing 2). This type can be 
used for both the function argument and the return 
type.

The problem is that TypeScript does not know 
what the exact type is when it comes to the return 
type. More precisely, the function parameter can be 
any type, but the return type also corresponds to this 
type. A type variable can be used to describe a generic 
function (Listing 3). The type variables are declared in 

Listing 2
function saveToDatabase(value: any): any { /* Implementation omitted */ }
 
const result = saveToDatabase({firstname: "Klaus"}); 
// result is here any, so that no further type checking occurs
result.firstname; // OK 
result.lastname;  // No compile error, although lastname is not defined 
on the object

Listing 3
function saveToDatabase<O>(value: O): O { /* Implementation omitted */ };
const result = saveToDatabase({ firstname: "Klaus" }); 
 
result.firstname; // OK
result.lastname; // ERR: Property 'lastname' does not exist

GPT, Gemini and AI for Web  
Developers
Maximiliano Firtman (firt.dev)

In this session, you will understand how to 
easily add OpenAI’s GPT, Google Gemini, 
and other AI models to your website. We’ll 
also cover how ChatGPT plugins work and 

how to create one. You’ll learn about API integration, 
tokens, and how to keep things secure while scaling up. 
We’ll walk you through real examples and hands-on 
demos, so you’ll be ready to bring AI magic to your web 
projects quickly. But that’s not all! We’ll also discuss how 
Bing Chat and ChatGPT browser plugin works when 
browsing your web content and how to opt-out or opti-
mize the results for AI. We’ll cover basic concepts of data 
preprocessing, structuring, and how to tweak the model 
for your needs. Let’s have fun and unlock ChatGPT and 
AI’s power together!

http://javascript-conference.com
https://javascript-conference.com/general-web-development/gpt-gemini-ai-web-developers/?loc=sd/?utm_source=pdf&utm_medium=referral&utm_campaign=iJS_magazine1_24
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angle brackets and can be used in the function signa-
ture wherever TypeScript expects a type specification. 
So, here it is in the function parameter and as a return 
type.

At first, nothing changes for the function caller, since 
TypeScript automatically assigns the content of the type 
variable (derived from the value passed for value). Type 
variables can be used in functions and in the description 
of type aliases (more examples later), interfaces, and 
classes.

The  saveToDatabase  function can now be called 
with arbitrary types, objects, primitive types like string 
or number, and with null or undefined. This behavior 
isn’t always desired. In the case of the saveToDatabase 
function, it’s possible that it can only work with objects. 
For this, restrictions can be described for a type vari-
able with the keyword extends, which must be observed 
when using the function or the type variable. Listing 4 
shows two more examples of possible signatures for 
the saveToDatabase function. The first signature speci-
fies that the function may be passed any object (but not 
a string, number, null, etc.). The second signature re-
stricts the specification even further and expresses that 
the passed object must have at least one property id, 
which must be of type string.

The keyof operator
A common use case is to pass an object and a string with 
a valid key from the object to a function. This constraint 
can also be mapped with TypeScript, so that a compile 
error will occur if a string that’s passed to the function 
doesn’t match the name of a key.

Listing 5 shows an addListener function that should 
be able to register a listener function (for example, an 
event handler) for a specified entry in any object. It is 
passed three parameters: the object, the name of a key 
from the object, and the actual listener function to be 
registered for that field.

To make the use of this function type-safe, the type 
string cannot be used for the second parameter, which 
allows arbitrary strings. If an object (person) is passed 
to addListener with the keys firstname and age, the al-
lowed strings for the second parameter are only first-

Listing 6
type Red = "red";
type Black = "black";
 
// Variables, arguments etc. of type Red can now only contain the 
string// "red" accept, everything else leads to compile error
const redColor: Red = "red"; // OK
const blackColor: Red = "black" // ERR
 
type Colors = Red | Black;
const r: Colors = "red"; // OK
const b: Colors = "black"; // OK
const g: Colors = "grey"; // ERROR

Listing 5
function addListener<O extends object>(
  object: O, 
  key: string, 
  listenerFn: Function) { }
 
  const person = {
    firstname: "Klaus", 
    age: 32
  }
 
  addListener(person, "firstname", (newValue) => { /*... */ }); 
  addListener(person, "age", (newValue) => { /*... */ }); 
 
  // This call should result in a compile error:
  addListener(person, "lastname", (newValue) => { /*... */ });

Popovers, Not Just For Dinner, But 
For Your Websites too
Martine Dowden (Andromeda Galactic Solutions)

One of the hard parts of popovers and toolt-
ips is inevitably their positioning. Between 
their positioning, their accessibility, and all 
of the interactions around them, it’s no 

wonder it’s one of those things that we usually just go 
find a library to help us accomplish. With the new Popo-
ver API and anchor positioning though, it’s now easier 
than ever to create them ourselves by leveraging some 
of the new CSS properties. These are currently being 
developed and significantly decrease the amount of 
JavaScript we need to write. In this talk, we will cover the 
difference between dialog and popover. We’ll use the 
element to create a dialog and the CSS properties to 
style it and its backdrop, create popovers and position 
them, and see how popovers lead the way to the new 
element.

Listing 4
function saveToDatabase<O extends object>(value: O): O { /* ... */ };
saveToDatabase("Klaus"); // Error: "Klaus" is not an object
 
function saveToDatabase<O extends { id: string }>(value: O): O { /* ... */ };
saveToDatabase({
  // Error: id property missing
  firstname: "Klaus"
})

http://javascript-conference.com
https://javascript-conference.com/general-web-development/popovers-tooltips-dialogs/?loc=sd/?utm_source=pdf&utm_medium=referral&utm_campaign=iJS_magazine1_24
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name and age. This can be expressed in TypeScript with 
a string literal type. This type describes a concrete string. 
To define a type that can accept multiple strings, a union 
type can be defined for it (Listing 6).

For the above example with the  person  object, a 
union type would have to accept the two strings first-
name and age. All other strings are not allowed because 
they do not represent valid keys in the person object. 
However, the  addListener  function accepts person 
objects as well as any object. Therefore, the set of al-
lowed strings results from the passed object and can-
not be listed from the outset and described with a type. 

Instead, the keyof operator can be used. This returns a 
union type consisting of all of an object’s keys (Listing 
7). The addListener function can use the keyof operator 
to express that the second parameter only accepts keys 
from the passed object. Anything else will result in a 
compile error. Furthermore, editors can support code 
completion and suggest only valid values (Listing 8).

Index Accessed Type
The callback function (third parameter) passed to ad-
dListener is called as soon as the value in the object that 
it was registered to changes. The new value should be 
passed to it with -addListener_. This is why the callback 
function must have exactly one argument. This argu-
ment needs to be the same type as the corresponding 
entry in the monitored object. For the key “firstname”, 
which is of type string, a listener function must be passed 
with an argument of type string. For the field “age”, the 
callback function needs to have an argument of type 
number.

In the addListener function shown in Listing 8, the 
type Function is currently still used for the parameter 
that the listener function is passed with. This describes 
an arbitrary function and does not make a statement 
about function arguments or return values. However, 

Listing 10
function addListener<O extends object, K extends keyof O>(
  obj: O,
  name: K,
  listener: (newValue: O[K]) => void
) {
  // ...
}
 
// When using the addListener function, no specification of a type is required:
 
const person = {
  firstname: "Klaus",
  age: 32,
};
 
addListener(person, "firstname", (newValue) => { /* ... */ }); // OK
 
// This call does not work:
// ERR: Argument of type "lastname" is not assignable to parameter of  
// type "firstname" // | "age"
addListener(person, "lastname", (newValue) => { /* ... */ });
 
function ageChangeListener(newAge: number) { /* ... */ }
 
addListener(person, "firstname", ageChangeListener);
  // ERR: Argument of type '(newAge: number) => void' is not assignable  
  // to parameter of   // type '(newValue: string) => void'.
  //      Types of parameters 'newAge' and 'newValue' are incompatible.

Listing 9

const person = {
  firstname: "Klaus",
  age: 32,
  address: { city: "Hamburg" }
};
 
type Person = typeof person;
type Age = Person["age"]; // number
type Address = Person["address"]; // { city: string }

Listing 8
function addListener<O extends object, K extends keyof O>(
  obj: O,
  name: K,
  listener: Function
) {
  // ...
}
 
const person = {
  firstname: "Klaus", age: 32
};
 
addListener(person, "firstname", v => { /* ... */ }); // OK
addListener(person, "lastname", v => { /* ... */ });  // ERR:
  // Argument of type "lastname" is not   // assignable to parameter of 
type "firstname"  // | "age"

Listing 7
const person = {
  firstname: "Klaus",
  age: 32
}
 
type KeysOfKlaus = keyof typeof person;
  // "firstname" | "age"

http://javascript-conference.com
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functions can be described accurately with TypeScript. 
The callback function for the firstname listener, which 
expects one argument of type string and returns noth-
ing, can be described with the following:  (newValue: 
string) => void.

To correctly type the argument to a callback function 
for addListener, we need the type that the associated en-
try in the passed object has. Types of entries in an object 

can be determined with an Index Accessed Type. The 
notation is identical to the index operator in JavaScript, 
except you don't specify an object, but a type instead 
(Listing 9). Since we know both the type of the object 
(type variable O) and the name of the key (type variable 
K) from it in the signature of the addListener function, 
we can retrieve the type from the passed object for the 
passed key. We can use it to describe the signature of the 
expected listener function (Listing 10). This provides a 
complete description of the addListener function. The 
caller of this function has full type safety without having 
to specify or even describe a single type!

Mapped Types
Let’s go back to the validate function described at the 
beginning. This function should return an object con-
taining the same keys as the passed values object. How-
ever, the values in it should be of type boolean. This rule 
can be expressed in TypeScript with mapped types. A 
mapped type takes an existing type and maps it to a new 
type. The existing type can be either a hard-coded type 
or, as needed in the validate function, a generic type. Re-
gardless, the mapped type’s description can iterate over 
the output type’s keys with keyof and assign a new type 
to each entry.

Listing 11 shows a first variant for the type description 
of the validate function with a mapped type. It makes sure 
that the passed rules object is a subset of the passed values 
object (by adding the question mark in the mapped type, 
the entries are made optional). However, the entries set 
must be a function that takes a type with the same value 
as the in values object as a parameter (similar to the ad-
dListener  example). The keys should also be renamed 
(validateFieldName), but we will take care of that later. 
The return type is already described according to require-
ments. The returned object contains all keys from the val-
ues object, but their values are each of the type boolean.

Here, TypeScript can ensure correct specification of 
the rules object and the correct use of the return type, 
without needing a type specification from the caller of 
the validate function.

Conditional Types
If a function is stored under a key in a passed values ob-
ject, the validate function should call this function when 
validating and pass its return value to the associat-
ed rules function. Here, the type in the rules object must 
correspond with the function’s return type in the val-
ues object (Listing 12).

Conditional types can be used to implement this re-
quirement. This allows existing types to be checked 
for conditions. A conditional type looks like the ter-
nary operator and returns a different type depending 
on the check’s outcome. The simple example in List-
ing 13 shows the conditional type’s basic operation. 
The getLength function takes a string or null passed in. 
If the string is passed at runtime, then its length will be 
returned (number). If null  is passed, the function will 

Listing 11
type Rules<O extends object> = {
  [K in keyof O]?: (value: O[K]) => boolean;
};
type ValidatedObject<O extends object> = {
  [K in keyof O]: boolean;
};
 
function validate<O extends object>(
  values: O, rules: Rules<O>
): ValidatedObject<O> {
  return /* ... */;
}
 
const person = {
  firstname: "Klaus", age: 32
}
 
const result = validate(person, {
  firstname(v) {
    // v is correct here as string 
    return v.length > 3
  },
  age(a) {
    // a is correct as number
    return a > 0;
  }
})
 
result.age; // OK, boolean
result.lastname; // ERR: lastname does not exist // an result
 
// Also OK: no rule function for 'age
validate(person, {
  firstname(v) {
    return v.length > 3
  },
});
 
// The type of the rule object for a concrete // object can also be 
determined in order to specify it// explicitly if needed:
type PersonRules = Rules<typeof person>;
const rules: PersonRules = {
  firstname(n) { return n.length > 3; }, // OK
  lastname(l) { return true } // ERR: lastname   // not in 'person'
}
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also return null. The conditional type can be used to 
describe this return type in exactly the same way.

For the validate function, this means that a condi-
tional type can be checked while defining the rule type 
for each key, whether the associated value in the val-
ues object is a function or not. Depending on this, the 
type can be set in the  rule object. Listing 14 shows 
an example of this behavior. If the type in the values 
object for an entry is a function, it is assumed in the 
rules object that it will return a string. Therefore, the 
corresponding rule function also processes a string as 
a parameter (we will determine the correct type in the 
next step). If it isn’t a function, the type for the param-
eter is taken unchanged from the values object, just as 
before.

You can do more than just check a type with a condi-
tional type. Types contained in the validated type (func-
tion parameters, return values, contents of arrays, etc.) 
can also be extracted from it. This behavior can be used 
for the validate function to extract the return value of 
functions in the values object. For this, a variable is writ-
ten in the type to be checked with the infer keyword at 
the position where a type is to be extracted. Provided 
that the checked type matches the formulated condition, 
variables marked with  infer  are available in the true 
branch (after the question mark) and are set by Type-
Script to the types present in the checked object at the 

marked positions. Listing 15 shows a conditional type 
that checks if the type passed corresponds to any func-
tion and, if so, has its return value extracted to the type 
variable R and is returned. Otherwise, the checked type 
will simply return unchanged.

This allows the validate function’s requirements to be 
implemented by specifying the conditional type that was 
previously used in the rules type. For better readability, 
Listing 16 defines a separate type for a rule function, ac-
commodating this logic.

Template Literal Types
Now, almost all of the requirements for the validate 
function’s types are implemented. But the expected 
key names in the rules object aren’t correct yet. They 
shouldn’t be called fieldname, but validateFieldname in-
stead (validate and then the name of the key from the 
values object, starting with a capital letter).

Listing 14
type Rules<O extends object> = {
  [K in keyof O]?: O[K] extends Function 
    ? (value: string) => boolean 
    : (value: O[K]) => boolean;
};
 
// ValidatedObjectand validate-Function // unchanged
 
const person = {
  firstname: "Klaus",
  salutation() {
    return "Hello, " + this.firstname;
  }
}
 
validate(person, {
  firstname(f) { return f.length > 3 },
  salutation(s) {
    // s is a 'string' here (not 'Function'    // as in 'person')
    return s.length > 7;
  }
});

Listing 15
type GetReturnType<O> = O extends (...args: any) => infer R ? R : O
 
function sayHello() { return "Hello" };
type SayHelloReturn = GetReturnType<typeof sayHello>; // string
 
function sayNothing() { };
type SayNothingReturn = GetReturnType<typeof sayNothing>; // void
 
type NotAFunction = GetReturnType<string>; // string

Listing 13
function getLength<O extends string | null>(s: O)
  : O extends string ? number : null 
  { /* ... */ }
 
const l = getLength("Morning!"); // l is // "number"
const n = getLength(null); // n is "null"
const x = getLength(7); // ERR: 7 is // not a string

Listing 12
const person = {
  firstname: "Klaus",
  salutation: function () {
    "Hello, " + this.firstname;
  }
};
 
// Expected type of the associated rules object:
type RulesForPerson = {
  firstname?: (newValue: string) => boolean;
 
  // person.salutation returns a string, // therefore newValue must also 
be string here:
  salutation?: (newValue: string) => boolean;
};
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Keep in mind that the keyof function returns a set of 
concrete values of strings (first-name, age, etc.). How-
ever, these are types, not values. (String) values can be 
changed in JavaScript with a template string. A place-
holder can be defined in a template string for this. A 
similar concept exists in TypeScript at the type level. 
Listing 17 shows a very small example to illustrate this 
syntax. The  sayHello  function is passed an arbitrary 
string. A “hello” greeting is generated from this string 
and returned. The return type expresses this too. The 
function does not return the general type string, but the 
concrete string that corresponds to the returned value.

A more technical example is next to the sayHello func-
tion. The setSpacing function will receive a spacing and 
a size specification. This is used to express spacing (pad-
ding or margin), as is typical in CSS, which refers to a 
page (top, right, etc.). Additionally, the distance will be 
passed with a unit. Both arguments can be described with 
a template literal type. For spacing, two lists of concrete 
strings (spacing and page) will be combined. If one or 
more union types are used in a template literal type, the 
generated type consists of a combination of all union type 
expressions (margin-top, padding-top, margin-left, pad-
ding-left, and so on). For the size, an arbitrary number is 
specified with the distances. For this, a union type with 
the allowed spacing (px, em, rem) is also defined for the 
unit. This is combined with the general number type 
so that all possible numbers can be used. The setSpac-
ing function can only be called now with correct values 
using these type specifications, even if the parameters are 
“normal” strings from JavaScript’s perspective.

With this, the validate  function’s last requirements 
can now (almost) be mapped. The name of the keys in 
the rules object can fundamentally be expressed with 
the type validate${K}. However, the capital letter after 
the prefix validate is still missing. TypeScript provides 
some auxiliary types for converting notations, such as 
the type Capitalize. This can be used to convert a string 
type with the same string with a starting capital letter. 
The correct type definition is type 

Listing 17
function sayHello<S extends string>(s: S): `Hello, ${S}!` {
  return `Hello, ${s}!`;
}
 
const s = sayHello("Susi"); // Typ von S: "Hello, Susi!"
 
type Spacing = "margin" | "padding";
type Direction = "top" | "right" | "bottom" | "left";
type Unit = "px" | "em" | "rem"
 
function setSpacing(s: `${Spacing}-${Direction}`, size: 
`${number}${Unit}`) { 
  /* ... */
}
 
setSpacing("margin-right", "2rem");   // OK
setSpacing("padding-center", "2rem"); // ERROR: "padding-center" invalid
setSpacing("padding-left", "2pt");    // ERROR: "2pt" invalid
                                                   // (Unit 'pt' does not exist)

Listing 16
type RuleFunction<O extends object, K extends keyof O> =
  O[K] extends (...args: any) => infer R 
             ? (value: R) => boolean 
             : (value: O[K]) => boolean;
 
type Rules<O extends object> = {
  [K in keyof O]?: RuleFunction<O, K>
};
 
// ...ValidatedObject and validate-// Function unchanged...
 
const person = {
  firstname: "Klaus",
  salutation() { // returns string
    return "Hello, " + this.firstname;
  },
  sallary() { // returns number
    return 123456;
  }
}
 
validate(person, {
  salutation(s) {
    // s is 'string' here 
    return s.length > 7;
  },
  sallary(n) {
    // n is the correct number here
    return n > 1000;
  }
});

Losing Your Components’ Head
Gil Fink (sparXys)

Every web project will eventually need a 
components library regardless of which 
framework you use. But, the requirements 
in each project are different and even if you 

find a component library, it has its own opinionated UI 
look, feel, or rendering. This is where headless compo-
nents can help you achieve your project’s goals. Join me 
to understand what headless components are and why 
you should consider using this pattern in your projects.
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RuleFnName<S extends string> = ` validate${Capitalize<S>} `_

The as keyword is used to rename a key in a mapped 
type. This is used to perform a type cast in TypeScript. 
In this case, the existing type (the name of the key) will 
be cast to a new type (renamed key): [K in keyof O as 
RuleFnName ]?: RuleFunction<O[K]>.

Unfortunately, it isn’t possible to call the ValidateFn-
Name function here. This type expects a string for the 
type variable (S extends string). However, the union 
type returned by keyof can also contain a number or 
symbol types. There is a trick you can use to exclude 
keys of these types. You can rewrite the keyof expres-
sion into an intersection type, which merges the union 

Headless CMS Architecture Patterns
Brian McKeiver (BizStream)

Using a Headless and API-First approach 
comes with a problem. With only an API (or 
multiple) to start with, how do you know 
you are building your project codebase 

(“head”) to account for best practices such as caching, 
security, and best performance. How do you know what 
path offers to allow for the most flexibility with the least 
amount of headaches? It isn’t the same as just having a 
database and template engine on the backend. SaaS-
based headless solutions are a powerful way to build 
modern enterprise-class websites and they are also 
becoming more popular by the day. Luckily, multiple 
solutions have now been built around these “API first” 
platforms. Some best practice architecture patterns 
have emerged as a result, and this session aims to share 
them. Attendees will see and learn these patterns for 
designing, building, and deploying Headless based 
solutions. They’ll leave the session with proven architec-
ture patterns and how to apply them when working with 
a Headless CMS and API first stack.

type with the individual keys (keyof O) and the gen-
eral type string. An intersection type contains only the 
(compatible) intersections of two types. In our case, this 
filters out all non-strings. The now complete type defini-
tion for the validate function can be seen in Listing 18.

Conclusion
TypeScript is more than a “normal” static type system. 
With its specialized types and concepts like mapped 
types, conditional types, template literal types, and ge-
nerics, types can be dynamically created and used to de-
scribe complex code structures in a type-safe manner. 
This allows us to use all the possibilities of JavaScript’s 
dynamic type system.

Using this “metalanguage” is especially worthwhile 
for code representing an API with many users. They can 
benefit from type-safe code without having to write type 
definitions themselves. There are already some ready-
made utility types available for some common require-
ments, as described in the TypeScript documentation.

Nils Hartmann is a software developer and architect from 
Hamburg. He programs in Java and JavaScript/TypeScript and 
supports teams with training and workshops in the develop-
ment of (React) applications.

Listing 18
type RuleFnName<S extends string> = `validate${Capitalize<S>}`
type RuleFunction<T> = T extends (
  ...args: any
) => infer R
  ? (value: R) => boolean
  : (value: T) => boolean;
 
type Rules<O extends object> = {
  [K in keyof O & string as RuleFn-Name<K>]?: RuleFunction<O[K]>;
};
 
// ValidatedObject and validate // unchanged
 
const person = {
  firstname: "Klaus",
  salutation() {
    return "Hello, " + this.firstname;
  },
  sallary() {
    return 123456;
  },
} 
 
const rules: Rules<typeof person> = {
  validateFirstname(a) {
    return a.length > 3;
  },
  validateSallary(n) {
    return n > 100;
  }
}

 
const result = validate(person, rules);
const firstNameValid: boolean = result.firstname; // OK
const sallaryValid: string = result.sallary; // ERR: Type ‘boolean’ is not 
assignable // to type 'string'
const addressValid = result.address; // ERR: Property 'address' does not 
exist // on type 'ValidatedObject<...>'
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by Tao Xin

devmio: Thank you for taking the time to answer our 
questions! First, could you please introduce yourself to 
our readers? What is your background and how did you 
end up in your line of work?
Tao Xin: Hi, my name is Tao Xin. I am a senior staff 
software engineer at Google. In the past decade I've been 
working for various products of Google – ads, cloud, 
Play, etc. Despite taking more and more leadership role 
in my career, I keep a keen passion for the programming 
itself. I'm interested in a wide range of programming-
related topics, such as performance optimizations, desi-
gning concise declarative API, programming languages, 
etc.

Mostly, I can be considered as a backend engineer, as 
the vast majority of my work in my professional life is 
backend engineering. Thus indeed I don't have too much 

front-end background. That said, when it comes to com-
puters, I'm a DIY enthusiast. I enjoy building tools for 
my personal use. But here is the thing: most tools need 
some sort to UI to be minimally useful. Consider an 
example, a tool to track your investment portfolio: Of 
course this can be done by a CLI program. But the way 
we can interact with CLI program is quite limited. It's 
not easy even for rendering a simple table view, let alone 
charts. And the only way we can provide input to the 
tool is typing some lengthy, hard-to-memorize strings in 
the commandline.

Thus, it's fair to say, to write some useful program, 
particularly "useful" in the sense of day-to-day life (for 
some sparse use case like scientific calculation, CLI pro-
gram might be ok), you have to build some UI. And to 
build some UI, you either learn some proprietary UI 
framework, or you learn some web framework. Either 
option likely requires you to at least read through a 

Interview with Tao Xin, senior staff software engineer at Google 

VanJS: "Enabling 
everyone to build 
useful UI apps with 
a few lines of code, 
anywhere, any time, 
on any device" 
We spoke with Tao Xin, senior staff software engineer at Google to learn 
all about VanJS, a minimalist reactive UI framework. It enables you to 
compose the UI tree in a declarative and intuative way. Let's find out 
more about this minimalist reactive UI framework. 
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book to start with. This situation resonates a very re-
markable gap I was facing 20+ years ago when I started 
learning programming: when I had my first computer, I 
was fascinated by all the powerful things it can do, and 
all the apps built on top of it. I couldn't wait to learn 
programming, Pascal first and then C++, hoping to build 
something interesting and powerful, but only to realize 
the only possible thing I can build is a popping black 
screen where I can output some white characters like

Hello World. 

What a disappointment. Indeed, it took me several years 
to finally come out with something that is not a popping 
black screen, way after I felt I was pretty skillful at C++ 
and programming in general.

Today, even after 20+ years with all the technology 
advancement, I don't think the situation has substanti-
ally changed. We see frameworks after frameworks after 
frameworks. We see a specialized group of people called 
FE engineers. But for most other people, the apps they 
are proficient to build are not much different from a 
popping black screen with white characters. Well, may-
be a white screen with black characters, or a dark blue 
screen with light gray characters. We've seen a great 
deal of efforts to bring in more modernized terminals 
and shells. But my thought is: why not going with the 
other direction instead? Why not making building UI 
apps as simple as CLI programs so that most of us don't 
have to be confined to the limitations of terminals? btw: 
even for the quest of modernizing terminals, VanJS is 
pretty good at it - a web-based Unix terminal with nota-
ble improvements [1] can be built under 300 lines with 
the help of VanJS.

So this is the motivation behind VanJS. In https://
vanjs.org/, I mentioned that VanJS is positioned as 
the scripting language for UI [2]. I do think there is the 
divergence between more and more powerful interac-
tions we can have with computers, and the abilities 
where most programmers (except for a small group of 
people specialized in FE or UI) can utilize the powerful 
UI for useful tools.

devmio: What exactly is VanJS and what does it aim to 
accomplish?
Tao Xin: VanJS is designed to bridge in the remarkab-
le gap: on one hand, computers has become universally 
useful, with apps available to almost all day-to-day use 
cases we can think of; on the other hand, the programs 
which most people are comfortable to write, are not 
much different from a popping black screen with white 
characters. In the home page of https://vanjs.org/, it has 
VanJS's mission statement: Enabling everyone to build 
useful UI apps with a few lines of code, anywhere, any 
time, on any device.

In a nutshell, VanJS is a minimalist (world's smallest) 
reactive UI framework. It enables you to compose the UI 
tree in a declarative and intuative way. You can easily 
define states of your apps and bind the states to UI ele-
ments, just as you would do with much more complex 
frameworks. The amazing part of VanJS is: you don't 
need any tools to use VanJS. Nothing. You don't need 
to install any dependencies, not even

npm

You don't even need an IDE. You can just grab-n-go 
the VanJS library and build powerful UI apps with it 
in any environment with barely a browser and a text 
editor. There is no transpiling, no bundling, no extra 
binary needed for your code to work. What you write 
is exactly what is being executed in the browser. This 
is critical to VanJS's mission: ... build UI apps ..., any-
where, any time, on any device. You can even build UI 

neither MFC nor Win32 API was easy 20+ years ago 🙁

Conquering complexity: refactoring 
JavaScript projects
Phil Nash (Sonar)

One of the most common issues in JavaS-
cript code bases is that our code is too 
complex. As projects and their requirements 
evolve, complexity creeps in. Excess com-

plexity slows progress, frustrating us as we try to keep 
large chunks of a program in our heads just to under-
stand what is happening. To conquer complexity, we 
must refactor! In this talk, we’ll investigate how to iden-
tify unnecessary complexity in our code base using 
cognitive complexity as a measure, how to approach 
refactoring complex code, and what tools are available 
to help us refactor. We’ll put it all into practice through a 
live example. By the end of the talk, you’ll be excited to 
tackle that 1000-line monstrosity of a function in your 
own code base (you know the one).
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apps completely on your smartphone (or feature phone 
perhaps?).

devmio: Where did you get the idea to create VanJS? 
What were your main inspirations or goals?
Tao Xin:This is a great question! VanJS was originated 
in the process of building various tools on my own. 
As someone without much background on FE or UI 
programming, I felt the only viable way for me to build 
a UI without spending months on learning is to start 
from scratch with web programming. As more and 
more apps being built, I felt that there are common 
problems where a set of helper functions can make 
the UI code concise, and DRY. There are problems of 
composing the UI structure declaratively; There are 
problems of binding UI to states and reacting to sta-
te changes. Eventually these helper functions became 
the early prototype of VanJS. I had a discussion post 
[3] that talks about the evolution history in the early 
days of VanJS.

In terms of API design, VanJS draws inspiration from 
React. As the most widely-used UI framework, React of-
fers a good example on how a mature reactive UI frame-
work should look like: A declarative way to describe the 
DOM tree structure; Reusable composed UI elements; 
One-way data-binding from states to UI. The creation 
of VanJS is an illustration that these can be achieved in 
a much simpler way. There are 3 things that VanJS has 
proved:

•	You don't need JSX and transpiling to describe the 
DOM tree declaratively: In VanJS, DOM hierarchy 
can be declared in pure vanilla JavaScript, with even 
more concise code! The HTML to VanJS [4] Conver-
ter can convert any HTML snippet into the equiva-
lent VanJS code where you can do the comparison. 
We have examples [5, 6] where apps built with VanJS 
are 3~4 times shorter than the React counterparts.

•	You don't need complex class hierarchy and lifecycle 
management for reusable components: In VanJS, a 
reusable UI component is just a plain JavaScript func-
tion, nothing more.

•	You don't need Virtual DOM and hidden diff algo-
rithm for reactive data binding: VanJS demonstrates 
that reactive data binding is possible with pure native 
methods of DOM elements. Thus, there is no need 
to introduce a new parallel layer of the virtual DOM 
tree. No need for any hidden control flow.

devmio: Exactly how lightweight is VanJS and what be-
nefits does that offer?
Tao Xin: As of VanJS 1.0.0, the

.min.js.gz

bundle is only 0.9kB and the

.min.js

file is 1.6kB. This is 50~100 times smaller than most po-
pular web frameworks. It is by far the smallest reactive 
UI framework in the world.

Among all of benefits of being such ridiculously small, 
the first and foremost one is its utmost simplicity. Unlike 
other frameworks where you typically need reading a 
book or joining a bootcamp to start with, the tutorial 
of VanJS, together with the complete API reference, is 
just a single web page [7], and can be learned within 1 
hour. VanJS can enable people without FE background 
to build a UI app in just a couple hours.

Another important benefit of being such lightweight is 
performance. For web application, a smaller bundle me-
ans faster page loading, and less bandwidth consumpti-
on. And because VanJS is just a very thin layer on top 
of the standard web API (native code implemented by 
browsers), the code executes fast as well.

Last but not the least, amid the phenomenal rise of 
Generative AI and LLM (large language model), VanJS's 
size might find itself an interest spot in this space. With 
the token limit being the bottleneck of LLM, VanJS's 
tiny size means the entire library can be used as part of 
prompt to LLM. I have tried to paste the entire sour-
ce code to ChatGPT. What I found amazing is that, 
ChatGPT can not only understand what the code does, 
it can also generate sample apps on top of it and adjust 
the code based on follow-up prompts. So think of that, 
you don't need to train the language model with any 
knowledge about VanJS. You don't need to fine tune 
the model. You don't even need to provide any sample 
code. Just paste the source code of VanJS and ChatG-
PT will automatically be able to build apps based on it. 
My conversation history can be found here [8]. I believe 
there will be very interesting applications by combining 
LLM and VanJS.

devmio: Could you show us some sample code so we 
can see how it looks in action?
Tao Xin: Sure.

const Counter = () => {
  const counter = van.state(0)
  return span(
    "❤ ️", counter, " ",
    button({onclick: () => ++counter.val}, "👍"),
    button({onclick: () => --counter.val}, "👎"),
  )
}

This is a sample app shown in the home page of https://
vanjs.org/. The app defines a

Counter

state, and 2 buttons that can respectively increment and 
decrement the

counter
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As you can see, the DOM tree is built declaratively with 
pure JavaScript. You don't need JSX and transpiling for 
declarative UI programming.

The HTML to VanJS Converter [4] can convert any 
HTML snippet into the equivalent VanJS code. For in-
stance, for

<div>
  <p>👋Hello</p>
  <ul>
    <li>🗺W️orld</li>
    <li><a href="https://vanjs.org/">🍦VanJS</a></li>
  </ul>
</div>

the equivalent VanJS code will be:

div(
  p("👋Hello"),
  ul(
    li("🗺W️orld"),
    li(a({href: "https://vanjs.org/"}, "🍦VanJS")),
  ),
)

In https://vanjs.org/demo page, there are lots of interes-
ting apps built with VanJS. You can see many handy 
utilities can indeed built in just a few lines of code with 
the help of VanJS:

•	Stopwatch [9] - 11 lines of code
•	Timer [10] - 18 lines of code
•	Stargazers [11] - 13 lines of code
•	Diff [12] - 23 lines of code
•	Epoch Timestamp Converter [13] - 21 lines of code
•	Keyboard Event Inspector [14] - 15 lines of code
•	package-lock.jsonInspector [15] - 29 lines of code
•	Calculator [16] - 38 lines of code, more than 4 times 

smaller than equivalent React app

devmio: What instances is VanJS best suited for, and 
where should users potentially hold off for now?
Tao Xin: The prime use cases of VanJS is for someo-
ne without much experience of FE or UI programming, 
but wants some quick solution to add a usable UI into 
their app. I believe this type of use cases are profoundly 
underestimated. Lots of CLI programs can be enhan-
ced with a UI layer, which could greatly improve their 
usability. Taking a personal tool that I recently built - a 
code generator, as an example, we can have a quick and 
dirty CLI script for it. But after adding more and more 
features, it will be crucial to have a convenient way to 
tweak different types of code generation parameters, to 
live preview the generated code when parameter chan-
ges, and to copy/paste designated piece of code. All of 
these functionalities are very difficult, if not impossib-
le to implement with CLI. Thus VanJS bridges the gap 
between CLI programming and GUI programming. You 

won't feel substantially different between writing a shell 
script and building a web UI with VanJS. VanJS empo-
wers all programers. Even people with basic program-
ming skills can have the feeling that the day-to-day apps 
they're using are within their reach to build.

Even for people who would become professional FE 
programmer, VanJS can provide a smooth learning cur-
ve. VanJS offers a very easy start as its tutorial is so easy 
to walk through. And the programming experience with 
VanJS is definitely helpful to strength their understan-
ding of reactive UI programming which will eventual 
benefit their proficiency of much more complex frame-
works like React.

The transpiling-free characteristic of VanJS makes 
it an ideal tool for REPL. All modern browsers have a 
developer console that allows you to run arbitrary Ja-
vaScript code on the fly, but not the code that requires 
transpiling. With VanJS, you're able to construct any 
HTML elements with concise code for the current web 
page right in the developer console. Another related use 
case is for browser extensions. The lightweight of the 
library makes it suitable to be embedded in the content 
scripts that slightly enhance the appearance and behavi-
or of web pages.

Furthermore, VanJS shines in use cases where size is 
an essential factor, such as ensuring fast page load in 
low connecitvity network. Integration with LLM is ano-
ther interesting area to explore. As mentioned earlier, 

Tech Ethics Unveiled: Navigating the 
Digital Landscape Responsibly
Selam Moges (Apella)

As technology continues to advance at an 
unprecedented rate, it is becoming increas-
ingly important for those in the tech indus-
try to understand the ethical implications of 

their work. In this talk, we will discuss the importance of 
computer ethics in tech and why it is crucial that engi-
neers and tech leads receive training in this area. We will 
cover a range of topics, including ethical considerations 
surrounding data collection and privacy, algorithmic 
bias and fairness, and the ethical implications of emerg-
ing technologies such as AI and robotics. Drawing on 
both my own experience as a software engineer and 
relevant case studies, we will review examples of how 
ethical considerations have played out in real-world 
scenarios. Finally, we will discuss how engineers and 
tech leads can integrate ethical considerations into their 
work. In the fast-evolving tech world, grasping computer 
ethics is vital. Tech choices impact people and society 
profoundly. This talk stresses ethics training for engi-
neers, covering data privacy, bias, AI, and real-world 
cases. It’s essential as tech becomes integral to daily life.

http://javascript-conference.com
https://vanjs.org/
https://vanjs.org/
https://vanjs.org/demo
https://javascript-conference.com/javascript-practices-tools/refactoring-javascript-projects/?loc=sd/?utm_source=pdf&utm_medium=referral&utm_campaign=iJS_magazine1_24
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because its tiny size, we can paste the entire source code 
of VanJS into ChatGPT and asks ChatGPT to generate 
application code based on it without the need of any 
training or fine tuning. This is not possibile with any 
much larger libraries as they can't fit in the token limit.

Regarding the use cases where users should hold off 
for now, I think, objectively, VanJS doesn't have the 
ecosystem compared to the established counterparts. 
Thus, even though theoretically VanJS is cappable of 
many types of applications, you should be aware that 
you don't have a large collection of reusable compo-
nents readily available. Other than the limitation on the 
ecosystem, I think VanJS is suitable for quite many use 
cases, perhaps more broad than some people might have 
thought. Some people has said, well, VanJS might excel 
on simple use cases, but for more complex UI compo-
nents, VanJS's code is not as readable as React's JSX. I 
respectively disagree with that, as illustrated in the ex-
ample above, the VanJS-based DOM tree is structurally 
equivalent to JSX counter part, only more concise (as 
we can see examples where VanJS apps can be 3~4 times 
shorter than React counterparts).

devmio: What is Mini Van and what are its use cases?
Tao Xin: Mini-Van is a slimmed-down version of Van-
JS that only supports DOM tree composition and ma-
nipulation (i.e.: without reactivity). Thus compared to 
VanJS, Mini-Van is even more lightweight. But more 
importantly, Mini-Van supports SSR (server-side ren-
dering) and hence can be used as a server-side template 
engine. The entire https://vanjs.org/ website is built with 
the help of Mini-Van.

Mini-Van is an exploratory step for VanJS to unify 
server-side and client-side rendering. With Mini-Van, 
you can write server-side web pages and components 
similar to the ones on the client-side. There are 2 remai-
ning matters to address to truly unify server-side and 
client-side rendering?

•	What is an effective way to share UI components 
between server-side and client-side?

•	How to enable hydration?

Currently these can be done with some workarounds. In 
future, I can consider adding the official support if use 
cases are well understood.

devmio: Are there any future plans from the roadmap 
that you would like to share? What do you hope to add 
in an upcoming release, or what is currently in pro-
gress?
Tao Xin: That is a great question! First, I would like to 
lay out the general principles about future evolution of 
VanJS:

 Reliability is the top priority of the VanJS pro-
ject. Among my limited bandwidth working on this pro-
ject, reliability is the thing I will give most attention to. 
I would like to reassure people that despite VanJS being 

personal project, it's completely reliable to use, even in 
production settings. Every single code change in Van-
JS requires passing 400+ test cases, which cover all the 
supported usage of the library that I can think of, as well 
as examples illustrated in the tutorial. You can refer to 
https://vanjs.org/about#reliability for the details.

VanJS is committed to remain minimalist and perfor-
mant. I will be very cautious of adding new features to 
VanJS. There are definetely lots of features can be ad-
ded into VanJS to make it fancier in certain specific use 
cases. But there will be a high bar to include them in 
the core library. Notable things to consider regarding 
new features are: Will this feature restrict how people 
optimize their applications? Does this feature introduce 
performance penalty for use cases where the feature is 
not being used? For the reasons above, certain features 
are not included in VanJS, such as lazy-evaluated states 
(as we want to give users the flexibility [17] in scheduling 
the expensive evaluation), general-purpose diffing (as we 
don't want to introduce the performance penalty for the 
majority of use cases where diffing is not needed), etc.

Optional features can be added via add-ons.  Rela-
tively, bar can be lower if features are not added into the 
core library. Use-case-specific libraries on top of VanJS 
should be the way to address special needs, as unlike the 
core library, add-ons are completely optional.

VanJS should be easy to work with other libraries 
and remain unopinionated on which one to choose. We 
understand there are a good collection of high-quality 
libraries in JavaScript ecosystem that people enjoy for 
different kinds of problems, such as CSS, routing, ani-
mation, advanced statement management, etc. Instead of 
providing an in-house solution for each problem in Van-
JS to be on par with other libraries, we choose to keep 
VanJS minimalist and unopinionated so that its users can 
freely combine it with other available solutions. I think 
this is the beauty of open source community.

With these guiding principles, these are the things pl-
anned in the short-term future:

I will build a set of grab-n-go UI components based on 
VanJS. It's fairly easy to build reusable UI components 
with the current library but even some basically compo-
nents might not seem that obvious to the beginners of 
FE programing, especially for the CSS tricks to enable 
the basic constructs such as modal, tabs, banner, mes-
sage box, etc. I believe this will be beneficial for VanJS 
to further eliminate the entry barrier of FE programing. 
The work is ongoing - you can check it out here, and we 
will be implementing more UI components in the near-
term future.

I would like to do some benchmarking for VanJS. 
Although not validated by benchmarking, I strongly be-
lieve that the performance of VanJS is much closer to 
Vanilla JavaScript than to React, given its simplicity in 
design and performance-aware implementation. Some 
benchmarking will prove this point and give people the 
confidence in case they are still unsure whether adopting 
VanJS is a performance-wise sound decision.

http://javascript-conference.com
https://vanjs.org/
https://vanjs.org/about#reliability
https://github.com/vanjs-org/van/tree/main/components
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devmio: Besides VanJS, what current technology, pro-
gramming language, hardware, etc. are you most exci-
ted about and would like to see progress in the coming 
years?
Tao Xin:  The recent development on AI (particular 
around LLM) is defintely exciting. I'm keen on it and 
looking forward to foundamental innovation coming 
out in this field.

Other than that, I'm generally interested in program-
ming languages for a long time. I think in general, there 
are 2 flavors of design philosophy. One flavor is: ma-
king things easy to use, and completely hide the com-
plex stuff from its users. To certain extend, JavaScript 
is designed in this flavor, as the memory is managed by 
the runtime. The downside of this flavor is users lose 
the ability to fine tune things. Thus essentially, we're 
trading the flexibility in exchange for ease of use. What 
I'm particularly interested in is the second flavor, which 
is: maximally preserving the flexibilty of its users and 
at the same time, still trying to make things as easy as it 
could. Rust is a perfect example in this flavor. It preser-
ves users' flexibility on memory management but on the 
other hand, achieves the same level of memory safety 
(maybe higher) as managed languages.

Recently, Zig has captured lots of my interest. Its 
way of handling compile-time meta-programming is 
absolutely innovative, and its insistence on no hidden 

control flow means giving the maximal transparency 
and flexibility to its users. Particularly, it preserves one 
flexibility even Rust doesn't offer - memory allocation. 
We've seen great projects like Bun which leverages this 
flexibility for its performance optimizations (btw: Bun, 
which aims to be a much faster JavaScript runtime, is 
another project that I am very interested in and wish to 
succeed). Compared to Rust, Zig takes the subtle ba-
lance between memory safety and ease of use. It doesn't 
try to prohibit writing memory-unsafe code, but instead 
provides good language constructs to make correct code 
is much easier to write than incorrect one. To certain 
extent, this is similar to one main design philosophy of 
VanJS: unlike most other UI frameworks which prohi-
bit the procedural-styled DOM manipulation, VanJS 
allows direct DOM manipulation and I believe it could 
be useful in certain use cases, for performance and/or for 
convenience. Right now Zig is in a very early stage and it 
is planned to take a few more years to the 1.0 milestone, 
but this is really something I am wishing for its progress 
and good adoption.

Tao Xin is a seasonal programmer with decades of program-
ming experience and currently working at Google as a senior 
staff software engineer. Throughout the years of programming, 
he has been working on different types of products, and diffe-
rent types of software systems. Tao has a keen interest in a 

wide-range of programming topics, and has been always pursing the sim-
plicity in design. Meanwhile, he is a DIY enthusiast and likes building many 
tools to boost his personal productivity. VanJS is a project that comes out 
of the quest - how to have a simple, zero-dependency toolkit that even 
people without any FE or UI background can build good tools with a usa-
ble UI in a couple hours?

Vanilla JavaScript Web App  
Development
Maximiliano Firtman (firt.dev)

In this workshop, you will delve into Vanilla 
JavaScript and basic DOM manipulation 
techniques, focusing on developers who 
primarily use libraries such as React, Angu-

lar, or Vue. Maximiliano Firtman will guide you through 
the fundamentals, empowering you to build efficient 
web applications without relying on third-party libraries 
by just using modern JavaScript and browser APIs. You 
will also gain insights into the core concepts behind 
popular libraries and frameworks, enhancing your prob-
lem-solving skills and reducing dependencies in your 
projects. 

•	 Master Vanilla JavaScript and basic DOM manipula-
tion 

•	 Learn how to create efficient web applications using 
browser APIs - Understand the core concepts behind 
popular libraries and frameworks and how to code 
just what you need 

•	 Enhance your problem-solving skills and reduce 
dependencies 

•	 Understand how the browser works to make ultra-fast 
webapps
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by Sebastian Springer

Generally, testing functionality always involves a cer-
tain amount of extra work, which should also pay off 
as quickly as possible. This leads us to the crucial ques-
tion. Who am I testing for anyway? I can only speak for 
myself, but I hope you’re also a laid-back person who 
doesn’t like doing the same tasks several times in a row.

Let's assume we’re entrusted with the task of imple-
menting a web application dealing with managing and 
evaluating books. So, it’s a typical CRUD application 
with a list of records where you can also add new re-
cords, modify, and delete existing ones. You can also 
rate the books. Doesn’t sound tragic overall. But every 
single time you change or extend the application, you 
have to try out all existing features at least briefly to 
make sure you haven’t accidentally broken something. 
This gets annoying very quickly. Once you find yourself 
in a situation where you repeat a uniform activity over 
and over again, you should consider if it doesn’t just 
make more sense to invest a little more time and auto-
mate the process. Checking an application’s features in 
particular has great automation potential.

We aren’t rolling out the entire testing story from 
scratch here. We’re focusing on a very specific type of 
testing: end-to-end testing an application’s features. 
Since this field is still too vast, we’ll focus on one parti-
cular tool that we’ll use to formulate end-to-end testing, 
or E2E testing for short. We’ll look at Playwright and 
use TypeScript.

Why E2E tests?
Your application lives from the interaction of the indi-
vidual units. Especially in the frontend, you often work 

with tree structures of components and add additional 
functions that can influence your application’s behavior. 
You need automated tests that check interactions bet-
ween individual units in your application. These tests are 
usually called E2E tests and they make sure that proces-
ses in your application work without errors from one 
end (the graphical user interface) to the other (the data-
base in the backend).

Unit tests are the simplest type of tests for an appli-
cation. They are simple because you can assign them 
directly to a unit of code, usually a function or method. 
Then the test just needs to check that piece of code. In 
most cases, you have a defined input that leads to a 
certain output. Add to that a few boundary and error 
cases and the code is ready to be checked. In theory, 
your application’s source code only consists of a lot of 
atomic code units. But if you achieve a 100% test co-
verage in your unit tests, this doesn’t mean that you can 
be sure everything works as expected. Your application 
lives from the interaction between individual units. Es-
pecially in the frontend, you often work component tree 
structures and add additiona functions that can influ-
ence your application’s behavior. You need automated 
tests that check interaction between individual units in 
your application. These are usually called E2E tests and 
should make sure that the processes in your application 
work without errors from one end (the graphical user 
interface) to the other (the database in the backend).

If you consider characteristics of different test cate-
gories, a clear picture emerges. Your application should 
have a large number of unit tests and significantly fewer 
E2E tests. Unit tests run quickly, are relatively easy to 
implement, and check details in your application. E2E 
tests have a significantly longer runtime, are more com-

An alternative to Selenium and Cypress? 

End-to-End-Tests 
With Playwright 
The fact that you need tests in a web application is something that we 
hopefully no longer need to discuss. But what types of tests are useful? 
How do I set them up? What and how much should I actually test? We will 
confront these and many more questions once we get into this topic. In 
this article, we’ll look at a tool for E2E testing with TypeScript Playwright. 
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plex to implement, and allow you to draw conclusions 
about continuous workflows.

As with almost everything in the web world, there’s 
no one standard solution to fall back on when it comes 
to E2E testing. Instead, you have your choice of several 
tools, all of which have proven themselves in practice:

•	Selenium: In a way, Selenium is the bedrock when it 
comes to E2E tests. The software has been around 
since 2004 and was originally developed by Thought-
Works. Selenium provides the WebDriver APIs that 
help you implement front-end tests with browser 
automation interfaces. You aren’t tied to any par-
ticular programming language when implementing 
your tests. You can use Java, Python, C#, Ruby, 
JavaScript, Kotlin, or others.

•	Cypress: Cypress is much younger than Selenium, 
which saw the light of day in 2017. This framework 
is written in JavaScript and is based on Node.js. Cyp-
ress works in the context of the browser, in the same 
environment as your application. So it can intervene 
very deeply in the automation process. Because of its 
architecture, you write Cypress tests in JavaScript. 
Since it’s basically independent of the system under 
testing, you can use it to test any languages and 
frameworks. You can use the Cypress core free of 
charge. Additionally, the framework’s manufacturer 
offers a paid Cypress Cloud service, which you can 
better scale your test automation with.

•	Playwright: Playwright is an open source developed 
by Microsoft. It lets you run tests in different envi-
ronments, such as Chromium, Firefox, or WebKit. 
The tests run both with and without a graphic inter-
face. Playwright itself is written in TypeScript and 
needs Node.js to run the tests. However, this doesn’t 
mean you’re forced to use TypeScript to write your 

tests. You can also access the Playwright API with Py-
thon, .NET, or Java. Similar to Cypress, Playwright is 
a relatively young project, but has established itself as 
a permanent fixture in the web community.

Ultimately, there’s no right or wrong tool for testing 
your application. The different platforms have similar 
feature sets, at least at the core. So you can choose and 
use the framework that works best for you.

Installation and commissioning
Playwright supports many programming languages. In 
this article, we’ll focus on the testing framework’s Ty-
peScript variant. Like all testing frameworks, it’s availa-
ble as an npm package. This means you can install it in 
your application with any JavaScript package manager. 
Besides the pure source code that makes it possible to 
run tests, the Playwright package includes a command 
line script you use to work with it. It lets you run tests 
and can help you create them. If you install Playwright 
in your project with the npm install playwright com-
mand, you still need to put some effort into configu-
ring your test environment. But using the initializer is 
the better option. This feature is also given to you by 
npm, Yarn, and pnpm. For npm, you run the npm init 
playwright@latest command in your application. The 
command will install Playwright and create the neces-
sary structures in the project, so you can start testing 
right away. The setup process is interactive. This means 
that Playwright asks you a series of questions on the 
console and the answers directly affect your project. The 
first question is where you want to place your E2E tests. 
The default answer is tests. No matter what name you 
choose, Playwright creates the directory and places the 
first sample test right away. Next to this directory, you’ll 
also find another directory called tests-examples. Here, 
you’ll find a whole series of sample tests in another test 
file, which you can use as a template for your own tests.

The second question requires you to decide if you 
want Playwright to generate a GitHub actions work-
flow. The default here is NO. As you can see, Play-
wright has integration with CI/CD pipelines firmly in 
mind. It’s obvious that a tool developed by Microsoft 
also supports Microsoft infrastructure out-of-the-box. 
However, you don't have to worry if your project relies 
on a different infrastructure. Playwright is basically in-
dependent of the infrastructure used.

The third question tells Playwright if you want to ins-
tall browsers. Playwright can run tests on one or multi-
ple browsers. By default, Playwright installs Chromium, 
Firefox and WebKit for you. Alternatively, you can post-
install the browsers individually on the command line. 
For example, you can use npx playwright install chromi-
um to post-install Chromium later. If you omit the brow-
ser name, Playwright installs all of the default browsers: 
Chromium, Firefox and WebKit. With npx playwright 
install-deps, you can also post-install the system com-
ponents needed for the browser as well as the browser.

Total ReDoS: the dangers of regex in 
JavaScript
Phil Nash (Sonar)

Regular expressions are complicated and 
can be hard to learn. On top of that, they can 
also be a security risk; writing the wrong pat-
tern can open your application up to denial 

of service attacks. One token out of place and you invite 
in the dreaded ReDoS. But how can a regular expression 
cause this? In this talk we’ll track down the patterns that 
can cause this trouble, explain why they are an issue and 
propose ways to fix them now and avoid them in the 
future. Together we’ll demystify these powerful search 
patterns and keep your application safe from expres-
sions that behave in a way that is anything but regular.

https://javascript-conference.com/javascript-practices-tools/writing-tests-codepilot/?loc=sd/?utm_source=pdf&utm_medium=referral&utm_campaign=iJS_magazine1_24
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Playwright’s setup process creates the playwright.con-
fig.ts file in your application’s root directory. It contains 
the configuration for your E2E tests. Playwright also 
creates the tests and tests-examples directories for you. 
The tests directory contains a file with two simple sam-
ple tests. The tests-examples directory contains a more 
comprehensive E2E test that shows you how to write 
tests. It uses a to-do application as an example.

With the initial Playwright configuration, you can 
use the npx playwright test  command to run all tests. 
The npx command is part of the Node.js platform and 
searches the system for the specified script. If it isn’t 
available, npx downloads the package and runs the script. 
However, after you install Playwright in your application, 
the first case takes effect. It gets a little more convenient 
if you define the E2E command as an npm script in your 
package.json file. Listing 1 shows an example.

Using this script, you can run your tests with the 
command npm run test:e2e. While you barely save any 
characters, you don't need a framework-specific com-
mand. This can be helpful when switching between ap-
plications that have different frameworks. You can also 
add additional options to the script without having to 
explicitly specify them every time you call it. Now, if 
you run your tests, you’ll get an output like the one seen 
in Figure 1.

Playwright ran a total of six tests using five worker 
processes. All tests were successful and took a total of 
3.5 seconds. The number of tests is because there are 
a total of two tests implemented in the example.spec.
ts file in the tests directory and they run on three brow-
sers. You can set how Playwright handles parallelizati-
on in playwright.config.ts. The most important settings 
here are fully-parallel and workers. You can use the npx 

playwright show-report command to display the HTML 
report generated for the test run.

The first test
First, the good news. If you already have experience 
with JavaScript testing frameworks like Jasmine, Jest, 
or Mocha, you won't have a difficult time getting star-
ted with Playwright. The TypeScript variant is based on 
existing structures in the JavaScript testing world. You 
create a new test with a call to the test function. This 
anticipates a short description of the test case as the first 
argument and a callback function containing the actual 
test. Usually, you can implement this callback function 
as an async function, since Playwright heavily relies on 
premises. Tests are much nicer to read with async-await. 
You can group your tests (calls to the test function) into 
test suites. You can do this with the test.describe me-
thod, which accepts a description and a callback func-
tion. You can use the  test.beforeAll, test.beforeEach, 
test.afterEach, and test.afterAll methods to define func-
tions that are executed before all tests, before each test, 
after each test, and after all tests, respectively. Typically, 
you use these set-up and tear-down routines to prepare 
your test environment or clean up after a test run, or to 
dump commonalities from multiple tests and make your 
tests more compact.

The book management application has a list of re-
cords. The first test case is to check the list display. For 
this, assume the backend provides three records.

In the example shown in Listing 2, you can see several 
approaches to locating elements on the current page and 
checking them. But first, use the page object’s goto me-
thod to navigate to the appropriate page in your appli-
cation. In Playwright, it doesn’t matter if this is a classic 
multi-page application or a single-page application with 
a modern JavaScript framework. The method returns a 
Promise object that you can wait for with await.

Fig. 1: Initial test result

Listing 1: Playwright Tests as npm script
{
  ...
  "scripts": {
    ...
    "test:e2e": "playwright test",
    "test:debug": "playwright test --project=chromium --debug"
  }
} 

Listing 2: Playwright Test
import { expect, test } from "@playwright/test";
 
test.describe('List', () => {
  test('render', async ({ page }) => {
    await page.goto('http://localhost:5173/list');
 
    const headline = page.getByRole('heading');
    await expect(headline).toHaveText('Bücherliste');
 
    const titles = page.locator('table > tbody > tr > td:nth-child(2)');
    await expect(titles).toHaveCount(3);
    await expect(titles).toHaveText(["The Hitchhiker's Guide to the  
� Galaxy", '1984', 'The Lord of the Rings']);
 
    const years = page.getByTestId('year');
    await expect(years).toHaveText(['1979', '1949', '1954'])
  })
})
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On the page, first check that the heading has the cor-
rect text content. You can access this element using 
the heading role. This kind of localization is one of the 
most elegant solutions since it combines an application 
check with a rudimentary accessibility test. Playwright 
works with the proven expect syntax that Jasmine and 
Jest also use. To expect, you pass a locator object, like 
the one you get from the getByRole method. Then, you 
can use the matcher functions to formulate your con-
dition. For the heading, you expect the h1 element to 
contain the text booklist, which you can specify with 
the toHaveText matcher.

Besides the getByRole locator, Playwright has many 
more helper functions for locating elements. One is the 
locator method, you can pass a selector to. This is a 
string similar to what you use in CSS or JavaScript to 
locate elements. Be careful not to define overly complex 
selectors, since they are error-prone. Don’t rely on the 
page structure, since it can change when new features 
are integrated, causing your test to fail.

Another locator method is  getByTestId, which you 
may know already if you've ever worked with the testing-
library. This method finds elements based on the value of 
the data-testid attribute. You can insert this attribute into 
your page’s structure to make it easier to find elements. 
Since it’s a custom attribute, there’s no risk of causing an 
overlap with a standard attribute in the browser.

When checking list items, you’ll notice that you can 
check individual items as well as groups of items. While 
searching for the title of a book, you’ll get three results. 
With the toHaveCount matcher, you can make sure that 
precisely this number is displayed. If you work with a 
single element, you can specify the expected text content 
directly. If you expect more than one element, pass an 
array with the corresponding values.

On a successful test run, the Playwright script exits to 
the console and you receive a short success message. If at 
least one test fails, Playwright delivers the test report to 
you locally via a web server so you can directly view the 
results in detail. A successful report looks like Figure 2.

Working with the backend
Normally, web applications consist of a front-end and a 
back-end. You use Playwright to interact with the fron-
tend and use it to test your application. While you can 
also run API tests with Playwright, this is the exception. 
When testing, you have the option of testing either your 

entire application (front-end and back-end) or just the 
front-end in isolation.

If you’re testing the frontend and backend together, 
you need to make sure that the backend has a defined 
state for each test run. The easiest way to do this is to 
virtualize your backend. This way it can be started up 
in one or more containers and populated with suitable 
test data. In a pipeline run, first, you start up the back 
end and then you run the tests. If you have different E2E 
tests, the state of the database can become a problem. 
One requirement for tests is that they generally must not 
build on each other. However, if you run the tests one 
after the other, a test might create or modify records. 
You must either undo these operations manually in the 
clean-up routine, or make sure that the environment and 
the database are cleaned up in the set-up routine befo-
re each test. How you handle this and what additional 
constructs you will need depends on your environment. 
However, you should make sure that a test run doesn’t 
require manual intervention under any circumstances.

If you only want to check the front-end, then the situ-
ation changes. One reason for this can be that the front-
end and back-end are developed independently and the 

Fig. 2: Successful test 
report

Writing Tests Using GitHub Copilot
Gleb Bahmutov (Mercari US)

I want to show you the secret weapon I have 
been using for the past year. The GitHub 
Copilot lets me write full tests quickly, fills 
the gaps in my knowledge of 3rd party tools, 

and even writes clear descriptive commit messages. But 
it is not a “press the button to do it all”. You need to 
guide the AI to do the right thing, which takes experience, 
but most importantly, you need to decide _what_ you 
want the AI to do, step by step. Remember: AI is not going 
to replace you any time soon. But someone being a lot 
more productive with AI’s help might get ahead. Let’s 
learn Copilot for real-world test writing. It might change 
how you work. If you master it, Copilot becomes your 
super weapon. It is like playing Super Mario - in some 
games, you can dash quickly by pressing the “Y” button, 
but you need to be pointing in the right direction first.

https://javascript-conference.com/javascript-practices-tools/writing-tests-codepilot/?loc=sd/?utm_source=pdf&utm_medium=referral&utm_campaign=iJS_magazine1_24
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back-end is already secured with extensive API tests. In 
this instance, you can replace the back-end with a mock 
and create a fake back-end that you can control for your 
tests. For this, Playwright provides the Mock APIs fea-
ture. Here, the framework intercepts outgoing requests 
and answers them with a predefined response.

List implementation in the application catches three dif-
ferent cases. If the backend returns no data, the frontend 
displays appropriate information. If data is available, it 
is displayed. If an error occurs during communication to 
the backend, or if the backend reports an error, then the 
application displays an error message. The test in Listing 
3 checks these three cases using the mock APIs.

You can use the mock APIs with the page.route me-
thod. Here, you use a string or regular expression to 
specify which requests should be answered. You have 
access to the route object in the asynchronous callback 
function. You can use the fulfill method to formulate the 
response. If you use the json property, as shown in the ex-
ample, Playwright ensures that your browser’s fetch API 
receives a valid JSON response. In the rest of the first 
test, verify that the record is displayed and that neither 
the empty result message nor an error message is pre-
sent. Unlike the first test, the mock backend returns only 
one record, so you can clearly distinguish the result.

In the second test, have the mock backend respond 
with an empty array and expect the message that will be 

displayed. You should also check that no data or error 
message is displayed.

In the final test, you should have the server respond 
with an error. For this, use the status code 500. This 
stands for an internal server error. Note that you must 
use the fulfill method here too. Playwright doesn’t pro-
vide reject or similar methods. You can only simulate an 
error with the status code, which you can specify using 
the status property. Optionally, you can define a res-
ponse body with the body property. In this test, you can 
also check if the error is displayed correctly. The other 
expect calls make sure that no other information is dis-
played in addition to the error.

Simulating interaction - forms
So far, you’ve only seen how to perform static checks. 
The situation becomes much more interesting when you 
start interacting with your application. In a web appli-
cation, you have a wide variety of interaction options. 
These range from simple clicks, to filling in text fields, to 
uploading files. For these and more, Playwright provi-
des methods on the Locator objects that you can create 
with getByTestid. In the test shown in Listing 4, you 
create a new record using a form and verify that the 
record was created correctly. You could cover the pre-
vious tests with ordinary unit tests. But this test checks 
two features: the create form and the book list.

Listing 3: Using the Mock APIs
import { expect, test } from "@playwright/test";
 
test.describe('List', () => {
  test.beforeEach(async ({ page }) => {
    await page.goto('http://localhost:5173/list');
  });
 
  test('fetch data from Server', async ({ page }) => {
    await page.route(/books/, async route => {
      const json = [{
        "ISBN": "978-3-86680-192-9",
        "title": "The Hitchhiker's Guide to the Galaxy",
        "author": "Douglas Adams",
        "price": 9.99,
        "pages": 224,
        "year": 1979
      }];
      await route.fulfill({ json })
    });
 
    const titles = page.getByTestId('title');
    await expect(titles).toHaveCount(1);
    await expect(titles).toHaveText("The Hitchhiker's Guide to the Galaxy")
 
    await expect(page.getByTestId('no-data')).not.toBeVisible();
    await expect(page.getByTestId('error')).not.toBeVisible();

  });
 
  test('fetch empty data from Server', async ({ page }) => {
    await page.route(/books/, async route => {
      await route.fulfill({ json: [] })
    });
    await expect(page.getByTestId('no-data')).toHaveText('Es sind keine 
Datensätze vorhanden');
 
    const titles = page.getByTestId('title');
    await expect(titles).toHaveCount(0);
    await expect(page.getByTestId('error')).not.toBeVisible();
  });
 
  test('fetch with error', async ({ page }) => {
    await page.route(/books/, async route => {
      await route.fulfill({ status: 500, body: 'Internal Server Error' });
    });
    await expect(page.getByTestId('error')).toHaveText('An error has 
occured');
 
    const titles = page.getByTestId('title');
    await expect(titles).toHaveCount(0);
    await expect(page.getByTestId('no-data')).not.toBeVisible()
  });
});
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In the first step, you open the form via the  / create 
path and use the fill method to make entries in the vari-
ous text fields. Locate these using the respective labels. 
Then, use the SUBMIT button to submit the form. The 
form sends a POST request to the server to create the 
record and redirects the browser to the list view. Here, 
you can verify that the new record is displayed correctly 
by searching for each piece of information with the get-
ByText method and checking that each piece of informa-
tion exists only once.

Outsource auxiliary functions to Page Object 
Models
E2E tests can become quite extensive, especially when 
it comes to more comprehensive workflows. Here, it’s 
proven useful to outsource blocks from the actual test 
code to separate support functions. You can group these 
support functions into a Page Object Model. In Play-
wright, you can implement Page Object Models in the 
form of TypeScript classes. To prevent this class from 
degenerating into a confusing collection of helper func-
tions, you should collect helper functions of one page 
or view of your application in one class, if possible. For 
better reusability between tests, you can also paramete-
rize the helper functions. Listing 5 shows an example of 
a Page Object Model.

The Page Object Model represents the form page of 
the application. It simplifies switching to and operating 
the form. In the constructor, you can define the locator 
objects that you need in the course of the auxiliary func-
tions. Concrete methods of the class include the goto 
method that Playwright uses to navigate to the page, 
the fillForm method to fill in the form, and the submit-

Form method to submit the form. For the fillForm me-
thod, this method is parameterized and given a default 
value. This lets you control filling the form as needed. 
With the Page Object Model, the actual test is much 
more compact, as seen in Listing 6.

In tests using a Page Object Model, instantiate the 
page object model and pass the reference to the page. 
Then you can call the helper functions.

Preparing the test environment with fixtures
The concept of fixtures goes in a similar direction. Here, 
you are trying to keep your tests’ source code as tidy and 
focused as possible. One requirement of any automated 
test, whether unit or E2E, is that they should be able 
to run independently of other tests. Therefore, it’s very 
important that each test finds a clean environment and 

Listing 5: Definition of a Page Object 
Models

import { Locator, Page } from "@playwright/test";
 
export class FormPage {
  private ISBN: Locator;
  private title: Locator;
  private author: Locator;
  private price: Locator;
  private pages: Locator;
  private year: Locator;
  private submitButton: Locator;
 
  constructor(private readonly page: Page) {
    this.ISBN = page.getByLabel('ISBN:');
    this.title = page.getByLabel('Title:');
    this.author = page.getByLabel('Author:');
    this.price = page.getByLabel('Price:');
    this.pages = page.getByLabel('Pages:');
    this.year = page.getByLabel('PublicationYear:');
    this.submitButton = page.getByRole('button');
  }
 
  async goto() {
    await this.page.goto('http://localhost:5173/create');
  }
 
  async fillForm(data = { ISBN: 'TestISBN', title: 'TestTitle', author:  
� 'TestAuthor', price: 'TestPrice', pages: 'TestPages', year: 'TestYear' }) {
    await this.ISBN.fill(data.ISBN);
    await this.title.fill(data.title);
    await this.author.fill(data.author);
    await this.price.fill(data.price);
    await this.pages.fill(data.pages);
    await this.year.fill(data.year);
  }
 
  async submitForm() {
    await this.submitButton.click();
  }
}

Listing 4: Forms verification
import { expect, test } from "@playwright/test";
 
test('create a new book', async ({ page }) => {
  await page.goto('http://localhost:5173/create');
 
  await page.getByLabel('ISBN:').fill('TestISBN');
  await page.getByLabel('Title:').fill('TestTitle');
  await page.getByLabel('Author:').fill('TestAuthor');
  await page.getByLabel('Price:').fill('TestPrice');
  await page.getByLabel('Pages:').fill('TestPages');
  await page.getByLabel('PublicationYear:').fill('TestYear');
  await page.getByRole('button').click();
 
  await expect(page).toHaveURL(/.*list/);
 
  await expect(page.getByText('TestISBN')).toHaveCount(1);
  await expect(page.getByText('TestTitle')).toHaveCount(1);
  await expect(page.getByText('TestAuthor')).toHaveCount(1);
  await expect(page.getByText('TestPrice')).toHaveCount(1);
  await expect(page.getByText('TestPages')).toHaveCount(1);
  await expect(page.getByText('TestYear')).toHaveCount(1);
});
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leaves the test environment as clean as possible. This 
avoids the need for a specific call chain of tests. If one 
test in a chain fails, there’s a high probability that all 
other tests in the chain will fail too. To solve this prob-
lem, Playwright provides the Fixtures feature, which lets 
you prepare your tests.

For the following example, we assume there is a regu-
lar backend for tests and it does not have any data yet. 
Listing 7 shows an example of a fixture for rendering 
the list display.

To create a fixture, use the extend method of the Play-
wright test object. You pass an object to it, defining list-
Page as a method. In the method implementation, you can 
instantiate your Page Object Model and perform prepara-
tory work like creating records. Include the Page Object 
Model with the use function. Then, you can perform clea-
nup routines such as deleting previously created records.

The advantage of using the fixture is that you can ex-
tract the preparation code from your test and focus on 
the workflow that will be checked in the test. You can 
also use this fixture for multiple tests, reducing duplica-
tes in the code.

Debugging - when things go wrong
If you run your tests headless, you have limited debug-
ging capabilities. But you can change that locally by run-
ning your tests with the --debug option. If you select a 
specific browser with --project, you can easily debug. 
The  --debug  option makes Playwright automatically 
open its Inspector, giving you more tools for debugging.

Another handy tool is the VSCode extension for Play-
wright. This tool lets you run your Playwright tests di-
rectly from VSCode. You can see the test results directly 
in the development environment without having to 
switch to the command line first. Another feature from 

Listing 6: Integrating the Page Object 
Model

import { expect, test } from "@playwright/test";
import { FormPage } from "./form.po.ts";
 
test('create a new book', async ({ page }) => {
  const formPage = new FormPage(page);
 
  await formPage.goto();
  await formPage.fillForm();
  await formPage.submitForm();
 
  await expect(page).toHaveURL(/.*list/);
 
  await expect(page.getByText('TestISBN')).toHaveCount(1);
  await expect(page.getByText('TestTitle')).toHaveCount(1);
  await expect(page.getByText('TestAuthor')).toHaveCount(1);
  await expect(page.getByText('TestPrice')).toHaveCount(1);
  await expect(page.getByText('TestPages')).toHaveCount(1);
  await expect(page.getByText('TestYear')).toHaveCount(1);
});

this extension is the ability to debug tests directly in the 
development environment.

When a test fails, Playwright can also take a screens-
hot of the state of your application. This can be helpful 
when looking for a bug.

How does Playwright perform?
Playwright is a very flexible test framework for end-to-
end tests in the browser. It doesn’t need to hide from 
its competitors. It’s nice that the entry barrier is very 
low. You can start developing tests right away without 
much prior knowledge. If you need special tools to test a 
feature of your application, Playwright usually provides 
them. One example are locator methods like getByTes-
tId or getByRole. If these aren’t enough, you can also use 
selectors directly to find your elements. For many other 
use cases like authentication, Playwright either provides 
concrete tools or at least the documentation guides you 
step-by-step on how to solve the problem.

This makes Playwright a real alternative to Selenium 
or Cypress when it comes to automated E2E verification 
of applications.

Sebastian Springer is a JavaScript developer at MaibornWolff 
in Munich and is primarily concerned with the architecture of 
client- and server-side JavaScript. He is a consultant and lec-
turer for JavaScript and regularly shares his knowledge at na-
tional and international conferences.

Listing 7: Definition and using fixtures
import { expect, test as base } from "@playwright/test";
import { ListPage } from "./list.po.ts";
import { FormPage } from "./form.po.ts";
 
const test = base.extend<{ listPage: ListPage }>({
  listPage: async ({ page }, use) => {
    const listPage = new ListPage(page);
    const formPage = new FormPage(page);
    await formPage.goto();
    await formPage.fillForm();
    await formPage.submitForm();
    await use(listPage);
    await listPage.remove();
  }
})
 
test.describe('List', () => {
  test('should render the list', async ({ listPage }) => {
    await listPage.goto();
 
    await expect(listPage.headline).toHaveText('Bücherliste');
    await expect(listPage.titles).toHaveText('TestTitel');
    await expect(listPage.error).not.toBeVisible();
    await expect(listPage.noData).not.toBeVisible();
  });
});


	Content
	Welcome to the Angular Renaissance
	TypeScript’s Metaprogramming Language
	VanJS: "Enabling everyone to build useful UI apps witha few lines of code, anywhere, any time,on any device"
	End-to-End-Tests With Playwright

