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Abstract

The growing volume and complexity of data from sources like social media, IoT systems, and security devices highlight the need
for scalable, high-performance visualization tools. Traditional web technologies such as SVG and Canvas often struggle with
large datasets, limiting interactivity. We present WebGraphViz, a WebGL-based graph visualization tool that leverages GPU
parallelism to overcome these limitations. Performance evaluations across three interaction experiments in both high- and
low-performance environments show that WebGraphViz significantly outperforms its SVG-based counterpart, enabling smooth

exploration of large-scale graph data.
CCS Concepts

* Human-centered computing — Graph drawings; * Information systems — Graph-based database models;

1. Introduction and Related Work
2. Introduction

The rapid growth of complex data from sources like social media,
IoT systems, and security devices, often stored in the cloud, has
heightened the need for effective visualization and query interfaces.
As highlighted by [MAT23], extracting insights from large datasets
poses major challenges. Interactivity is limited by query complex-
ity, degrading user experience [DBCA?24], while real-time scalabil-
ity remains difficult [KAC21,MWO*20], as many platforms are op-
timized for smaller data volumes, resulting in high latency at scale.

Visual exploration of large-scale graph data faces persistent chal-
lenges, including high data volume, query latency, and limited in-
teractivity [MAT23]. Prior studies have evaluated the performance
of web technologies like SVG, Canvas, and WebGL for visual-
izing structured data [HKD18, Lin20, HK18], often finding We-
bGL more scalable. However, these evaluations were limited to
small datasets (under 4,000 nodes), focused primarily on tree struc-
tures, and lacked diverse interaction tests or system configurations,
highlighting the need for broader investigations involving com-
plex graph structures, larger datasets, and varied hardware envi-
ronments. Standard web technologies like SVG and HTMLS Can-
vas support complex and dynamic visualizations, but their ren-
dering performance degrades with larger datasets, limiting scala-
bility [Lin20]. This limitation is evident in GraDVis, an interac-
tive graph visualization tool for Visual Data Management System
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(VDMS) [ZHATH24, GCRS17], which, despite enabling graph ex-
ploration, struggled with performance and interactivity on large
datasets.

To address these challenges, we developed WebGraphViz, a
WebGL-based visual analytics tool for exploring graph data in
VDMS. By leveraging GPU acceleration, it improves rendering
performance and real-time interactivity over previous SVG- and
Canvas-based tools. The tool was evaluated via frames per second
(FPS) measurements across three computational environments.

3. WebGraphViz System Implementation

WebGraphViz is a web-based tool designed to render and explore
graph data from VDMS. It features a RESTful API backend built
with Node.js, TypeScript, and Express, providing two main end-
points: one for retrieving and enriching full graph data with layout
attributes (e.g., coordinates, labels, icons), and another for filtering
customer-specific data to construct a tree hierarchy representing in-
dividual journeys. The frontend is developed with SigmaJS [mO24]
and Graphology [P1i23] for handling graph rendering and manipu-
lation, and D3.js [Obs24] enabling a collapsible tree visualization.
Together, these components provide a responsive, scalable interface
for interactive graph exploration.

The graph layout, depicted in Fig. 1(a), is rendered using Re-
act Sigma components and graphology properties. A force-directed
layout with the Barnes-Hut approximation is employed, reducing
the time complexity of the standard ForceAtlas algorithm from
O(n?) to O(nlogn) for clustered nodes. To improve readability
during panning, each node is assigned predefined colors, icons,
sizes, and labels, as illustrated in Fig. 1(b). Additionally, clicking
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Figure 1: (a) A force-directed graph comprising 29,000 nodes and
75,000 links, rendered using WebGL. (b) Nodes are grouped into

clusters, distinguished by colors and icons representing node types.
Node sizes are proportional to their degrees, and custom labels are
applied to enhance readability.
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Figure 2: Display of node properties upon user interaction with a
node in the Fig. 1(b) graph.

on a node reveals its properties, as shown in Fig. 2, enabling de-
tailed analysis.

To evaluate our implementation’s performance, we conducted
three interaction experiments measuring average frames per sec-
ond (FPS) across varying dataset sizes in two computational envi-
ronments, one is SVG-based and the second one is WebGL-based:
one SVG-based and the other WebGL-based. FPS was recorded us-
ing Chrome DevTools’ "Frame Rendering Stats" in Microsoft Edge
for its real-time performance metrics. We automated the tests us-
ing Macro Recorder to ensure consistency, executing predefined
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Figure 3: In the best-case environment (120 FPS max), both imple-
mentations sustained over 100 FPS up to 5,000 nodes. As dataset
size grew, SVG performance fell to near 0 FPS, while WebGL re-
mained near 100 FPS.
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Figure 4: In the worst-case environment (60 FPS cap), all three
experiments showed both implementations achieving over 50 FPS
up to 500-1,000 nodes. As size increased, performance declined:
SVG dropped to near 0 FPS, while WebGL fell to around 30 FPS.

macros for user interactions. The first experiment involved zoom-
ing to simulate typical exploration, the second combined zooming
and focusing to reflect cluster-level navigation, and the third used
more granular interactions targeting individual nodes for detailed
comparison. We tested with set of graph datasets ranging from 100
nodes to 29,000 nodes, defining 20 FPS as the minimum thresh-
old for acceptable interactivity [Lin20]. FPS was preferred over
rendering time for its precision in capturing real-time responsive-
ness [HKD18].

Our results show that the WebGL implementation consistently
outperformed the SVG-based version in average FPS across all ex-
periments and environments. In both best- and worst-case scenarios
(Fig. 3 and Fig. 4), FPS declined with increasing dataset size, but
the SVG version dropped below the 20 FPS interactivity thresh-
old, falling to near zero in the worst case, resulting in severe inter-
face lag. In contrast, the WebGL version maintained FPS above the
threshold, ensuring smooth interaction even with large datasets. In
future work, we plan to extend our evaluation to larger graphs and
more complex real-time visual queries.
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