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Fig. 1. Calculating the Hausdorff distance between similar objects is challenging. Zoomed-in views show the point on A that maximizes the distance to B and
its closest point on B: the distance between these points is smaller than 0.0004% of the bounding-box diagonal. The state-of-the-art cascading-upper-bounds
CPU baseline [Sacht and Jacobson 2024] takes 92,575 ms to reach the target tolerance; a Baseline GPU implementation (our direct parallel port of the
cascading-upper-bounds pipeline) takes 174 ms; and our method takes 14 ms under the same settings.

Computing the directed Hausdorff distance between two triangle meshes
is a fundamental operation in geometry processing and simulation. While
existing certified branch-and-bound (B&B) methods are efficient for well-
separated geometry, they can become prohibitively expensive on large mod-
els under tight tolerances and near-zero distance configurations where prun-
ing is limited. We present a GPU-accelerated certified B&B algorithm that
explicitly maintains enclosing lower and upper bounds on the directed
Hausdorff distance and terminates once their normalized gap, measured
with respect to the bounding-box diagonal of the source mesh, meets a
user-prescribed tolerance. To map the inherently prioritized search to SIMT
(single-instruction multiple-thread) hardware, we replace priority queues
and recursion with a sorted, double-buffered wavefront pipeline built from
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bulk-parallel worklists for bound evaluation, culling, subdivision, and com-
paction. To mitigate loose bounds on thin primitives while preserving pre-
dictable stream behavior, we introduce a fixed-cardinality adaptive subdivi-
sion scheme that selectively applies double longest-edge bisection. To remain
robust in deep-refinement regimes, we add a resource-aware deferral mech-
anism that enforces a device-capacity invariant by prioritizing candidates
likely to be culled while postponing expensive ones. Finally, we improve nu-
merical robustness under FP32 (single precision) via triangle-local coordinate
transforms and other conservative numerical safeguards, and enhance coher-
ence by spatially ordering the active set and traversing the BVH (bounding
volume hierarchy) in triangle packets. Under the same stopping tolerance,
experiments on an NVIDIA RTX 5090 show that our GPU solver remains
numerically consistent with the FP64 CPU baseline, with normalized cross-
platform deviation below 0.01% in over 99.9% of cases. Our method achieves
millisecond-scale runtimes capable of supporting interactive frame rates,
even on models with millions of triangles. Across the comparison set, it
delivers throughput speedups of 836 on the Thingi10K/TetWild benchmark
(A — B) and 709% on the Thingi10K/Decimation benchmark.

Code and data for this paper are available at https://github.com/fhp-
transient/gpu-hausdorff.

CCS Concepts: » Computing methodologies — Modeling and simula-
tion; Massively parallel algorithms.
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1 INTRODUCTION

The Hausdor distance (HD) captures the maximum geometric
deviation between shapes, making it essential for applications de-
manding strict guarantees such as mesh simpli cation [Cignoni
et al 1998] and manufacturing tolerance veri cation [Binninger
et al. 2021]. Unlike average-based measures, certi ed HD solvers
can guarantee that the true maximum deviation is enclosed within
explicit bounds. However, due to performance unpredictability in
challenging con gurations, certi ed HD has remained challenging
to deploy in real-time pipelines, especially for near-zero con gu-
rations. We focus on the directed (one-sided) HD between triangle
meshes, which forms the basis for the symmetric metric.
Mathematically, the directed HD is de ned as the maximum over
points on mesh of the distance to the closest point on mesh
Computing this quantity is challenging because the maximizer may
lie anywhere on a continuous surface. While sampling-based ap-
proximations [Aspert et al2002; Cignoni et alLl998] are fast, they
generally fail to certify what was missed. For this reason, high-
accuracy methods rely on branch-and-bound (B&B): maintaining
a global interval» « “ssuch that_ 1e © ", and iteratively
re ning surface subdomains until the gap meets a user-speci ed tol-
erance. In this paper, certi ed refers to interval-bounded, tolerance-
terminated computation: throughout execution, the solver explic-
itly maintains a valid enclosing interva»_-_1/4for the true directed
Hausdor distance and terminates only when the normalized bound
gap? %3 falls below the prescribed tolerance, whee de-
notes the diagonal length of the axis-aligned bounding box of the
source mesh . Certi cation therefore refers to the solver's inter-
nal bound guarantee, not to agreement between implementations.
By contrast, when we compare our FP32 GPU solver against the
FP64 CPU baseline, we report the di erence between their nal
certi ed upper bounds as cross-platform deviation. CPU algorithms
have steadily improved [Guthe et a82005; Tang et aR009], cul-
minating in recent work that strengthens pruning via cascading
upper bounds progressively applying tighter (but more expensive)
bounds to reject non-maximal regions [Sacht and Jacobson 2024].
Although CPU-based B&B solvers are highly e ective for general
inputs, the near-zero regimel(e ° 0, Figure 1) remains a critical
bottleneck. In these cases, local upper bounds barely exceed the
global lower bound, rendering conservative pruning ine ective
and forcing deep re nement. This exponential growth in active
subdomains pushes runtimes from seconds to minutes on high-
resolution meshes, preventing their use in real-time pipelines.
GPUs appear to be a natural t for accelerating the massive geo-
metric workload in such cases, yet existing B&B formulations map
poorly onto SIMT hardware. State-of-the-art B&B relies on priority-
queue-driven recursive re nement, producing irregular control ow,
pointer-chasing dependencies, and frequent global synchronization.
On GPUs, this translates into severe warp divergence and load im-
balance. Moreover, in near-zero regimes, the active set can expand
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Fig. 2. Mesh has 2.274 M faces and meshhas 1.137 M. Our method
terminates with a certified interval satisfying the stopping tolerandé =
106 for this near-zero Hausdor distance case. The points on the bo om are
the maximizer on and its closest point on ; the close-up views illustrate
the high resolution of both meshes.

rapidly, risking device memory exhaustion. Consequently, many
GPU approaches typically revert to sampling-based approximations
or restrict inputs to parametric surfaces [Krishnamurthy et 8011],
sacri cing the explicit bound tracking on unstructured meshes that
makes B&B attractive.

1.1 Main Results

This paper demonstrates that B&B-style bound tracking and high-
throughput GPU execution are not incompatible. Our key observa-
tion is that the computational core of HD B&B is not the priority
queue, but the massive evaluation of local bounds and re nement.
We therefore replace serial, recursion-based logic with a sorted
wavefront architecture: we process a spatially coherent active set in
bulk using double-bu ered worklists, fusing bound updates with
culling and subdivision. To make this practical in the near-zero
regime, we introduce (i) a numerically robust bounding strategy us-
ing triangle-local coordinate systems to preserve FP32 precision, and
(ii) a priority-based deferral mechanism that prioritizes the pruning
of converging primitives while deferring expensive candidates to
mitigate device memory pressure.

Performance. We evaluated our method on an NVIDIA RTX
5090. For a fair comparison, we use the same stopping tolerance for
the state-of-the-art CPU implementation [Sacht and Jacobson 2024]
and apply both solvers to identical mesh pairs. On models with
millions of triangles (see Figure 2), our method achieves millisecond-
scale runtimes suitable for real-time scenarios, delivering through-
put speedups (ratio of total time) of 836on the comparison set
for the Thingi1l0K/TetWild benchmark ( ), and 709 for the
Thingi10K/Decimation benchmark. Our GPU solver rigorously satis-
es the same certi cation criterion as the CPU baseline, terminating
only when the normalized bound gap %3 falls below the
prescribed 16 tolerance. Separately, to assess numerical consis-
tency across implementations, we compare the nal certi ed upper
bounds returned by our FP32 GPU solver and the FP64 CPU baseline.
The normalized cross-platform deviation remains belo®% in
over 999% of cases, with worst-case values Wfal 102 (011%)
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