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Abstract
The Web is transitioning away from centralised services to a re-emergent decentralised platform. This
movement generates demand for infrastructure that hides the complexities of decentralisation so that
Web developers can easily create rich applications for the next generation of the internet.

This paper introduces EYE ]S, an RDFJS-compliant TypeScript library that supports reasoning using
Notation3 and RDF Surfaces from browsers and NodeJS.

By developing EYE ]S, we fill a gap in existing research and infrastructure, creating a reasoning
engine for the Resource Description Framework (RDF) that can reason over decentralised documents in
a Web client.

Keywords
Notation3, Reasoner, Inference, RDFJS, RDF, JavaScript, TypeScript, N3, Notation3, RDF Surfaces, Web,
Browser, WASM, WebAssembly, Solid

1. Introduction

Modern Web infrastructure is predominantly built in a centralised manner, hosted by a small
number of influential organisations such as Meta, Amazon, Netflix and Google [1]. In contrast,
Tim Berners-Lee’s original vision for the Web was to create a democratic, distributed platform on
which ‘anyone can say anything about anything’ [2]. Globally, there is a growing interest [3, 4] in
data privacy and sovereignty on the Web, largely driven by problems around data exploitation [5,
6] and censorship [7] that arise within the centralised model.

Consequently, the Web ecosystem is moving back towards a decentralised model, as seen
through the growing uptake of Linked Data [8] and the Solid protocol [9, 10]. These protocols
build on the Semantic Web [11] technology stack.

Accordingly, researchers are increasingly seeking to develop ways for applications to interface
with a decentralised Semantic Web. Front-end developers need tooling that is as accessible [12],
intuitive and efficient to use as traditional APIs for accessing centralised resources [13, 14].
Until now, decentralisation research has focused on interoperable discovery and querying of
Semantic Web data [15]. There existed a fundamental gap in the research of the enrichment of
decentralised data on the Semantic Web, through the addition of implicit facts into the set of
query results.
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In many centralised databases containing real-world Semantic Web data, implicit facts com-
prise a sizeable portion of the database. For instance, in the UniProt [16] knowledge graph of
protein sequences, 46.1% of the 228 million facts within the database are implicit. Further, in
the Classical Art Research Online Service (CLAROS) In OpenCyc [17], an ontology of general
human knowledge, the effect is even more pronounced; 99.8% of the 1176 million ABox facts in
the database are generated by rules [18].Given the importance of implicit data to centralised
Semantic Web applications, there is an immense opportunity for decentralised applications to
have similar reasoning functionality. To enable this, client-side Resource Description Framework
(RDF) reasoning is an emerging area of research [19], which can unlock a wide range of IoT appli-
cations; ranging from user-empowered social media [20] to live health diagnoses [21]. However,
the limited work on client-side RDF reasoning [19] has failed to produce a reasoner that meets
the performance, interoperability and usability requirements for many of these applications.

2. Background

2.1. Notation3, RDF Surfaces and RDF Lingua

Notation3 (N3) [22] is a superset of RDF 1.1 Turtle [23] used to state assertions and logical
rules. RDF Lingua (https://eyereasoner.github.io/lingua/) introduces a set of semantics to RDF
1.1 Trig [24] to allow the expression of any statement or rule expressible in Notation3. RDF
Surfaces (https://w3c-cg.github.io/rdfsurfaces/) [25] is a Notation3 sublanguage supporting
first-order-logic semantics.

2.2. EYE and EYE Lingua

EYE (https://eulersharp.sourceforge.net/) [26, 27] is a reasoning engine supporting the Semantic
Web layers - implementing Notation3 and RDF Surfaces. EYE Lingua (https://github.com/
eyereasoner/lingua) [28] is a reasoning engine implementing RDF Lingua. EYE and EYE Lingua
are both written in Prolog [29].

3. Architecture

SWI-Prolog [30] is a Prolog interpreter used to execute programs written in Prolog,.

The authors of EYE JS, in collaboration with the authors of SWI-Prolog [30] developed
the swipl-wasm npm package which uses Emscripten [31] to compile SWI-Prolog [30] into
JavaScript and WebAssembly code. swipl-wasm also includes type declarations for the exported
SWIPL functions. There is CI in place for swipl-wasm which cuts a new release whenever SWI-
Prolog [30], Emscripten [31], Zlib or PCRE2 are updated, ensuring that a release of swipl-wasm
compiled from the latest source codes is available.

EYE JS uses swipl-wasm to compile the EYE and EYE Lingua prolog code into PVM images
as part of the build pipeline. These images are bundled with the EYE ]S package as Base64
encoded string constants within JavaScript files ranging from 400-500kb in size. At run time,
these images are used to initialise EYE and EYE Lingua in swipl-wasm with low memory and
execution time overheads. There is CI in place for EYE JS which cuts a new release whenever
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swipl-wasm, EYE or EYE Lingua are updated, ensuring that a release of EYE JS compiled from
the latest source codes is available. At the time of writing, there are 577 releases.

4. Adoption

EYE JS (https://github.com/eyereasoner/eye-js/) [32] is currently available for all versions of
Node]S greater than or equal to 18.x and works in all major browsers. EYE JS has been well
received by the community, and is being used in a range of research applications [33, 34, 35,
36, 37, 38, 39, 40, 41, 42], it also has 32 dependent GitHub repositories, 5 dependent GitHub
packages and 33 stars at the time of writing.

EYE JS is distributed on npm, published on Zenodo, available as a GitHub release, offered
as a browser build that can be used directly in HTML script tags, and served as a JavaScript
bundle that can be dynamically imported into scripts. EYE JS implements the RDF JS data model
specification [43] out of the box, enabling immediate interoperability with other applications

and libraries that use this data model. E E

5. Usage

5.1. Live Deployments

Several websites have been deployed for interfacing with EYE JS. https://eyereasoner.github.io/
eye-js/example/ is a minimal HTML page that showcases how EYE ]S can be deployed in 28 lines
of HTML using the browser builds. https://reasoner.smessie.com/ supports both in-browser
reasoning with EYE JS and server-side reasoning with EYE. Users can reason over data directly
entered into the GUI and remote resources referenced via a URL. In the latter case, users have
the option of authenticating with a WebID, thereby enabling reasoning over private documents
from a Solid pod. This demonstrates how EYE JS empowers users to securely reason over private
data without relying on third-party remote services. The ability to switch between in-browser
(EYE JS) and server-side (EYE) reasoning is made possible by EYE JS implementing an ad hoc
interface standard for JavaScript reasoners. https://editor.notation3.org/ also offers the ability
to use EYE JS as a reasoning engine, alongside server-side reasoning engines.

5.2. Development

The EYE JS README (https://github.com/eyereasoner/eye-js?tab=readme-ov-file) provides
developer documentation for using EYE JS in applications.

6. Performance Results and Conclusion

Benchmark.js provides performance benchmarking for each commit on the main branch of EYE
JS using. Benchmarks are executed on an Ubuntu GitHub runner with the default 7GB of RAM.
These performance tests for each release of EYE JS are available at https://eyereasoner.github.
io/eye-js/dev/bench/. We report the results for the most recent commit at the time of writing
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Depth | NodeJS | Chrome | Firefox | eye (native) | cwm hermit jdrew jena
10! 0.082 0.204 0.104 0.022 0.160 0.055 0.130 0.047
102 0.402 0.762 0.672 0.028 1.05 1.04 0.200 0.422
10° 3.22 7.32 5.21 0.066 65.9 3.58 0.870 9.30
10* 28.9 69.5 49.5 0.484 7300 310 18.7 2600
10° 303 691 518 4.62 732e3 | OutOfMem | 1860 | OutOfMem

Figure 1: Time taken (seconds) to execute the Deep Taxonomy Benchmark. The results for NodeJS
(v20.11.0), Chrome (126.0.6478.114) and Firefox (127.0.1) were obtained using v16.15.12 of EYE JS on a
Dell XPS 9520 machine running Ubuntu 23.10 with 32GB of RAM. The files needed to reproduce these
experiments can be found at https://github.com/eyereasoner/eye-js/tree/main/perf. The experiments for
eye (native), cwm, hermit, jdrew and jena were performed on a machine with 4 2.40GHZ cores and 256
GB of memory (https://eulersharp.sourceforge.net/2003/03swap/dtb-note).

which is 2083053 where Node 22 was used to execute the benchmarks. It takes 66+4.27%ms
to initialise the reasoner and 16+16.98%ms to execute the Socrates Query meaning that users
will perceive reasoning over a handful of facts as instantaneous [44]. Applying RDFS inference
to Tim Berners-Lee’s profile card and the FOAF ontology (14 rules, 961 facts, 866 derivations)
takes 893+1.31%ms which is the time frame within which a users flow of thought will remain
uninterrupted [44].

As shown in Figure 1, EYE JS outperforms cwm, hermit, jdrew and jena on the Deep Tax-
onomgy Benchmark in all of the environments in which it was run - even though the Node]JS
environment in which it was fastest is single-threaded and limited to using 512MB of memory
whilst the other reasoners had access to 4 cores and 215GB of memory.

These results show that even though EYE ]S is slower than EYE due to resource constraints
in browser and Node]JS environments, EYE JS is still performant enough to be deployed in
the browser for real-world use cases. The adoption of EYE ]S across a range of applications
evidences this.
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