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Figure 1: A ray-traced scene from Cyberpunk 2077 (left) and its underlying ray tracing acceleration structure (right)
as visualized by NVIDIA Nsight Graphics [29] frame capture tool.

Abstract

We propose a novel benchmarking concept for ray trac-
ing and report initial results obtained by the underly-
ing software framework. We aim to create an alterna-
tive to the traditional models used in research by lever-
aging assets and scenes from modern video games. We
describe the methodology for extracting geometry by in-
jecting a custom tool into a modern ray-traced game and
present preliminary results. Should the respective rights
holders agree and grant us explicit permission, we would
be pleased to release the captured datasets that reflect cur-
rent industry standards to the research community.
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1 Introduction

Recent years have witnessed a shift towards ray tracing
in video games. Coupled with Al-driven techniques such
as upscaling and frame generation, modern GPUs enable
games to achieve real-time ray tracing performance. So-
phisticated lighting previously restricted to offline render-
ing, such as dynamic global illumination, physically ac-
curate soft shadows, and reflections, can now be realized
without the approximate workarounds of rasterization.
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Despite the computational demands, ray tracing of-
fers an advantage in algorithmic elegance and simplicity.
In contrast to complex rasterization techniques, ray trac-
ing produces accurate advanced lighting effects with sig-
nificantly reduced logical complexity. Modern graphics
APIs, such as DirectX and Vulkan, use concise ray tracing
abstractions that rely on programmable shaders.

The recent influx of ray-traced games [31] and the rel-
ative simplicity of the ray tracing pipeline raise a pos-
sibility that extracting data from games programmati-
cally and on demand for benchmarking purposes is fea-
sible. Modern AAA games are the culmination of hun-
dreds of person-years of artistic labour, producing scenes
of a scale and fidelity that researchers cannot replicate (see
Figure 1). Additionaly, traditional ray tracing datasets
used in research are meshes without duplicate geometry
instantiation, a technique broadly used by graphics APIs.

Our paper provides the following contributions: it
presents a brief overview of benchmarks and relevant met-
rics. It addresses the limitations of traditional benchmark
datasets. It investigates existing tools and their data extrac-
tion capabilities, and details a methodology for extracting
geometry by intercepting DirectX 12 API calls. Finally,
some preliminary results are shown and discussed.

2 Related work

Meister et al. [22] conducted a survey covering the bound-
ing volume hierarchy (BVH), the data structure used
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by most offline and real-time ray tracing applications.
The authors describe the foundational principles, state-
of-the-art construction and traversal algorithms, special-
ized hardware, and industrial frameworks. They provide
an overview of best practices, including a two-level BVH
hierarchy well-suited to dynamic scenes with rigid-body
transformations, as are typically found in video games.
Such a technique is part of the DirectX 12, the most widely
used graphics API for ray-traced games [35].

2.1 Metrics

Qualitative metrics predict the performance and guide
BVH construction. A traditional metric is the surface area
heuristic (SAH) [22], which represents the expected cost
of tracing a random ray. SAH assumes rays are uniformly
distributed, their origins are outside of the scene’s bound-
ing box, and the rays are not occluded. These assumptions
are rather unrealistic, but work well in most cases.

Aila et al. [3] noted that SAH is not entirely accurate.
The authors introduce two new metrics: end-point over-
lap and leaf count variability. When combined with SAH,
these metrics can correlate better with observed ray trac-
ing performance. Makarov [19] suggests optimizing top-
level BVH (TLAS) in a two-level hierarchy by applying
a global transformation that rotates the entire tree. This
approach aims to axis-align as many bottom-level BVH
(BLAS) instances as possible. Havran et al. [11] addressed
the challenge of fairly comparing various ray-shooting
algorithms. The authors reduce dependence on specific
hardware, compilers, and implementation quality by intro-
ducing an evaluation methodology that features an ideal
reference ray-shooting algorithm. They mandate the re-
porting of three subsets of properties: static, dynamic, and
hardware and implementation-dependent.

2.2 Datasets

Lext et al. [15] created a dataset for animated ray trac-
ing with three parametrically animated scenes. Applicable
to static datasets as well, the authors highlight scenarios
that can negatively impact the performance of ray-tracing
algorithms. These challenges, called stresses, should be
reflected in a benchmarking dataset to ensure its ongoing
relevance and future difficulty. Examples of such stresses
include a teapot in a stadium, overlaps in bounding vol-
umes, and variations in object distribution.

Opening any ray tracing research paper often reveals
a benchmark involving some of the commonly used test
scenes. Armadillo, Happy Buddha, Dragon, Stanford
Bunny [14], Erato [20], Crown [32], and similar mod-
els are finely tessellated objects. However, object-centric
scenes are not ideal representatives of typical ray-tracing
workloads, as most rays escape the scene after the first
bounce. Fairy [8], Landscape [32], or Vegetation have
widely varying triangle sizes and shapes of plants. Some

objects, such as Hairball [20] or Sheep, are explicitly de-
signed to stress-test algorithms against triangle edge cases.

Conference, Sibenik, Crytek Sponza [20], and similar
architectural models are widely used, but lack spatial ex-
tent, spanning only a few tens of meters. Larger mod-
els, such as Powerplant and Rungholt [20], lack the hi-
erarchical level of detail typical of video games. Aila et
al. [3] considered San Miguel [32], which combines archi-
tecture with detailed vegetation, to be the best representa-
tive of a realistic model, but later released Bistro [17] (see
Figure 2) may now be the best.

Figure 2: Amazon Lumberyard Bistro [17].

Some production-ready scenes, such as Caldera [2] and
Moana Island [36], are available. The datasets are massive
in spatial extent and storage size of tens of GBs, making
them quite challenging to work with. Caldera (see Fig-
ure 3) features multiple levels of detail meshes, which can
be used to simulate a game-like scene. The main issue is,
however, that datasets like these are very uncommon.

Figure 3: Activision Caldera [2].

We investigated open-source game reimplementations
and demo game engine projects. The reimplementations
provide access to the code [6] [30], but game assets re-
main protected by copyright and are thus not distributed.
Demos for software like Godot [9] and Blender [7] come
with permissive licenses and could be usable. In contrast,
Unity [37] and Unreal [10] engines provide game-like de-
mos under strict end-user license agreements that forbid
the use of their assets outside the respective engines.

2.3 Benchmarks

Vinkler et al. [38] published a GPU performance compar-
ison of BVHs and kd-trees, the previous ray tracing data
structure of choice. By profiling the execution of GPU
kernels, the authors show that kd-tree traversal tends to be
more memory-limited due to higher data transfer volumes
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and lower cache hit ratios. BVH has a predictable mem-
ory footprint, whereas kd-tree cannot estimate the number
of triangle references in advance. The authors report ten
times as many triangle references and longer build times
for kd-trees than for BVHs on traditional benchmark mod-
els. Kd-trees also experienced a higher rate of divergent
branching, hindering their parallel processing efficiency.

Meister et al. [21] conducted an empirical comparison
of popular BVH variants to evaluate performance in GPU
ray tracing. They assessed a range of popular construction
algorithms, along with various enhancements such as spa-
tial splitting, ray reordering, and wide BVHs. The authors
propose a global optimization method utilizing simulated
annealing to move closer to a theoretically optimal BVH.

Wald et al. [40] documented the shift of ray tracing
from a strictly offline method to a viable interactive tech-
nique. The authors argue that ray tracing provides superior
scalability compared to rasterization, with render times in-
creasing logarithmically rather than linearly with a scene
complexity. Their work details the use of ray packets and
CPU-level SIMD execution. Wald et al. [39] noted that
the main bottleneck in interactive ray tracing transitioned
from intersection tests to the per-frame maintenance of ac-
celeration structures. They evaluate the trade-offs between
rebuilding BVHs from scratch and updating them.

Liu et al. [16] created LumiBench, a benchmark suite
for hardware ray tracing. It offers a wide range of scenes
and shaders that simulate various types of rays, including
shadow and ambient occlusion rays. The solution features
a software simulation framework to test hardware architec-
tural designs. The suite reports hardware-related metrics,
such as DRAM utilization, cache hits, ray tracing unit uti-
lization, or SIMT efficiency.

3 GPU Inspection Tools

We investigated existing frame-capture tools and their data
extraction capabilities. The most suitable tool for the task
is the open-source GFXReconstruct (GFX) [18], a collec-
tion of graphics API capture and replay tools from Lu-
narG. The tool lacks a graphical user interface, but sup-
ports capturing both Vulkan and DirectX ray tracing. GFX
relies on the user to copy the interception dynamic-link li-
braries (DLLs) into a game directory, which we find in-
ferior to programmatically injecting them. There is some
DLL injection capability, but is undocumented. The au-
thors do not accept new API hook pull requests, such
as NVIDIA’s NVAPI [28] used by some ray-traced games,
so we would have to maintain a fork. Nevertheless, we
consider GFX a fantastic effort and keep it as a reference.

RenderDoc [34] is a well-known open-source tool.
While it captures DirectX 12, it does not support the DXR
ray tracing feature [27]. The tool provides a scriptable API
usable for extracting geometry. However, the geometry
obtained from the rasterization pipeline lacks useful data,
such as information about BLAS instances in the DirectX

two-level hierarchy ray tracing model. In fact, when in-
specting a frame capture of the rasterization pipeline, we
observed chunks of meshes being rasterized, while a ray
tracing pipeline processes the entire model.

NVIDIA Nsight Graphics (Nsight) [29] is a proprietary
tool that captures both the DirectX 12 and Vulkan ray trac-
ing pipelines. The tool allows users to interactively inspect
the acceleration structure (see Figure 4) and browse vertex
and index buffers via user interface. However, it does not
support exports. The format of the capture is proprietary
and intended for use within the capture tool. Interestingly,
the tool supports shader debugging, but the host system
requires two NVIDIA GPUs. We have not tested that.

Figure 4: An interactive view of ray tracing acceleration
structure of Cyberpunk 2077 as visualized by Nsight [29].

In contrast to Nsight, AMD Radeon Raytracing Ana-
lyzer (RRA) [4] displays the BVH tree’s actual hierarchy.
To our knowledge, the tool does not support extracting
data, but we did not verify that ourselves as the machines
we are using are not equipped with AMD GPUs.

Intel Graphics Performance Analyzer (GPA) [12] is
a solution that has been recently deprecated. We did not
have much success with capturing ray-traced games.

Microsoft PIX [24] is a performance and debugging tool
designed for DirectX 12. To use this tool to inspect the ap-
plication, the game must link to a debug DLL provided
by Microsoft. Interestingly, one of the games we tested
included this DLL in its files, which enabled a successful
frame capture. Unfortunately, we were unable to access
an interactive view of the BVH due to PIX crashes.

Table 1 summarizes tool capabilities. One intriguing
feature of Nsight and PIX is their ability to generate a C++

Frame Capture DR VR UI C++ API Availability
GEFX v v X V V/ Open-source
RenderDoc X X « X / Open-source
Nsight v v v V X Proprietary
RRA v v V X X Proprietary
GPA X X v X X Deprecated
PIX v X Vv Vv X Proprietary

Table 1: An overview of frame capture software. The table
shows whether the tools support the DirectX 12 (DR) and
Vulkan (VR) ray tracing pipeline, they use a graphical user
interface (GUI), they support exporting a standalone C++
project from the frame capture, and whether they support
scripting (API). Their availability is also listed.
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project, allowing users to compile and run a single frame
of the captured application. GFX marks this feature as ex-
perimental. All the data, including geometry, is saved into
a multi-gigabyte binary file, which is accessed from one
of the numerous auto-generated source files. The code
spans tens of thousands of lines. We did not study the code
thoroughly because it is somewhat obfuscated.

4 Implementation

We are building a tool that injects API hooks into a ray-
traced game to track and export the geometry used to build
the ray-tracing acceleration structures. Our solution tar-
gets 64-bit Windows games using the DirectX 12 graphics
API and NVAPI, which extends DirectX 12 with, for ex-
ample, additional geometry primitives. While it is fea-
sible to play ray-traced games using Vulkan, either na-
tively or through DirectX translation layer [5], possibly
even on Linux [33], the DirectX 12 and Windows remain
the dominant platform for games.

4.1 Hook Injection

The tool launches a suspended game and injects a payload
DLL that hooks LoadLibrary and CreateProcess
Win32 [25] API calls. The game is then resumed, en-
tering its main function. Whenever the game starts
a new process, unless blacklisted like a game launcher
or Steam overlay, the payload gets reinjected. When
a DLL is loaded through LoadLibrary, the hooked
variant checks whether the library is of interest, i.e., it
is d3d12.d11, dxgi.dll, or nvapi.dll, and in-
tercepts corresponding top-most API calls (see Figure 5).
Subsequent hooks are injected lazily whenever a parent
API call is executed, i.e., ID3D12CommandList meth-
ods are hooked when CreateCommandList method
creates a command list (see Figure 6).

We use Microsoft Detours [26] instrumentation to inject
the hooks. Because graphics API DLLs are loaded at run-
time, the addresses of the API calls are not known before

9 launch the target game with payload DLL

[DllMain —hook LoadLibrary, CreateProcess)

é resume the suspended target game

main

N
[Creat eProcess — reinject payload DLL )
LoadLibrary J

)

d3d12 DLL — hook GetDevice
dxgi DLL — hook CreateDXGIFactory
nvapi DLL — hook NVAPI Tnitialize

o

Figure 5: Schematic of top-most API hook injections.

GetDevice
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(g add initial resource state to state tracker

O remove resource from reverse lookup, state
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GetGPUVirtualAddress)

6 add resource to reverse lookup

{CreateCommandQueue]

L[ExecuteCommandLi st s]
6 commit pending states and AS builds

{CreateCommandLi stj

ResourceBarrier}

(S add state transition to pending states

BuildRay... Structure}—

(S add staging resource to pending AS builds
(NVAPI_Initialize)

GraphicsCommandList,Createj
[

BuildRay... StructureExj

(S add staging resource to pending AS builds

[CreateDXGIFactory, all variants]

O check for key shortcut and activate capture

Figure 6: Schematic chain of interceptions, hooked lazily
from the top-most API calls, and the purpose of the hooks.

the game’s execution. For free-standing functions, the ad-
dresses are obtained using Win32’s GetProcAddress.
To hook DirectX 12 interfaces, it is necessary to retrieve
addresses of member methods from the virtual method ta-
ble (VTable) of instantiated objects that implement those
interfaces. We obtain the VTable indices by parsing
d3d12.h and all the dxgi . h header files. NVAPI DLL
does not export individual API calls, so we disassemble
the library binary provided under the MIT license [28]
to obtain the required hard-coded addresses. All NVAPI
API calls are free-standing functions. While the DirectX
12 VTable indices are stable throughout versions, we are
unsure about NVAPI addresses, so we provide the neces-
sary extraction scripts for users to mitigate any issues.

4.2 Resource Tracking

Plenty of game data, such as geometry, resides in buffers
allocated on the GPU. In DirectX 12, these are called
resources. The ID3D12Resource interface is used,
for example, to free the buffer via Release or to obtain
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the resource’s D3D12_GPU_VIRTUAL_ADDRESS. GPU
memory is managed explicitly by the user. For exam-
ple, to build an acceleration structure for ray tracing using
the BuildRaytracingAccelerationStructure
API call, the user must allocate a resource large enough
to hold the resulting acceleration structure and pass its
GPU address together with the GPU addresses of re-
sources of vertex and index buffers as parameters.

Unfortunately, it is not possible to obtain the resource
from the GPU address via the API. Moreover, resources
may be aliased, i.e., a resource may be allocated to hold
additional resources, thus multiple resources may share
the same GPU address. We maintain a reverse lookup
by hooking Get GPUVirtualAddress. We store a list
of ID3D12Resource and their sizes in a sorted map,
keyed by GPU address, to get a fitting resource.

To transfer the data to the CPU, we need to create a tem-
porary resource on a readback heap, a type of GPU mem-
ory accessible by the CPU. We copy the data from the re-
source we obtained via reverse lookup into the tempo-
rary. However, before commencing the copy, the resource
must be transitioned to a specific state, COPY_SOURCE,
and then transitioned back to the previous state to avoid
breaking internal DirectX state synchronization. Unfortu-
nately, it is not possible to get the current state of a re-
source via the ID3D12Resource interface, so we need
to track the states as follows:

Our tool hooks CreateCommittedResource and
other resource creation API calls to track the initial re-
source state. ResourceBarrier is intercepted to track
subsequent state changes. However, we cannot update
the state globally in the ResourceBarrier hook, be-
cause calling this API only stages the resource state tran-
sition command to the command list, which is executed
on the GPU later via ExecuteCommandLists. Thus,
we also track pending local states for each command list
separately and update the global resource state tracker only
when executed.

4.3 Geometry Capture and Extraction

Top-level acceleration structure (TLAS) is built using
the BuildRaytracingAccelerationStructure
API call, same as the bottom-level acceleration struc-
ture (BLAS). TLAS instantiates previously built BLASes
by specifying their GPU addresses, transformation ma-
trices, and other data as function parameters, which we
can read directly in the build call hook. Using re-
verse lookups, we can obtain BLAS resources. Unfortu-
nately, we are unable to interpret the resource’s data be-
cause the internal representation of the BVHs is undoc-
umented and implementation-dependent. Interestingly,
the BVH internals vary across GPUs but also between
driver versions [13]. Thanks to RADV [1], the open-
source Vulkan driver adopted by AMD, we can inspect
the BVH node structure and the BVH construction imple-
mentation within compute shaders on AMD GPUs.

BLASes do not retain any references to the resources
with geometry. Thus, the only way to access the ge-
ometry is to intercept the build call. BLASes are also
self-contained, so we need to copy the data from the in-
put resources into temporary staging buffers, since the re-
sources may no longer exist after the build call. Current
ray-traced games use a hybrid rendering pipeline: raster-
izing all geometry, then computing advanced lighting ef-
fects via ray tracing. The geometry resources are compat-
ible and shared between the two rendering stages, but we
copy them to a temporary buffer anyway to comply with
the DXR specification [27].

Most BLASes are built when the game loads. Each
frame, TLAS, and a few BLASes are rebuilt, usually rep-
resenting dynamic geometry like vegetation or animated
characters. During regular gameplay, many BLASes are
overwritten with new BLASes as the game scene around
the player changes. We track these overwrites to garbage-
collect staging geometry buffers for BLASes that no
longer exist. As with the resource state tracker, we can-
not delete overlapped BLASes in the hooked call. Instead,
we track pending builds locally for each command list and
commit them to the global acceleration structure tracker
once the command lists are executed.

The tool starts in tracking mode. In the Present hook,
we check for a shortcut key press to commence the cap-
ture. The tool switches to write mode, waits a single
frame until the next Present call to allow all the pend-
ing TLAS and BLAS builds to be committed to the global
tracker, and then writes the tracked data to disk. The pro-
cess is straightforward: a single temporary command list
is created, along with temporary CPU-readable resources
for each staging geometry buffer. Copy commands are is-
sued, and the command list gets executed. A binary file
containing all the captured geometry is now on the disk,
ready to be parsed into a readable format such as OBJ or
OpenUSD by another command-line tool.

5 Results

We tested our tool on a PC equipped with NVIDIA
GeForce RTX 3070 and AMD Ryzen 5 5600X with 32
GB of RAM. The frame rate averages 39 FPS in Cy-
berpunk 2077’s built-in benchmark at maxed-out settings
with path tracing, in a 1600x900 window without frame
generation or upscaling. The GPU’s 8 GB of DRAM
are fully utilized, along with ~500 MB of shared mem-
ory, which Windows automatically reserves on the CPU’s
RAM for the GPU’s use. The game with the injected
tool runs reasonably well even on the GPU with lim-
ited DRAM, averaging 12 FPS in the built-in benchmark.
The shared memory GPU consumption rises to ~1 GB.
Since the DRAM is full and all geometry copies of newly
built BLASes are forwarded to RAM, this is the worst-case
scenario, but it still runs interactively. GPUs with ample
DRAM experience less performance degradation.
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Figure 7: Partial geometry of the three captured scenes
(see Table 2 and 3) as visualized in Blender, with 5.5% —
17% of all unique objects and 1.8% — 12.8% of all in-

stances of objects exported to OBJ and shown. Each
unique color refers to a unique BLAS. Bushes in the lower
left corner of the third image highlight the usage of BLAS
instantiation, with multiple objects having the same color.

Exporting to disk takes a few seconds. The game freezes
and becomes unresponsive, then recovers and continues
without issue. The dump file is a =500 MB binary, and
partial scenes in Figure 7 are =~ 65 to ~ 125 MB OB files.

While we dump most of the geometry data as a binary
blob, we have yet to interpret it in a separate parser tool.
Figure 7 shows a portion of three game scenes, with parsed
single-mesh BLASes for DirectX’s TRIANGLES primi-
tives, indexed by 4-byte indices and without the internal
BLAS transformation matrix. Other primitives include
NVAPI’'s TRIANGLES_EX, OMM_TRIANGLES_EX, and
DMM_TRIANGLES_EX, and some non-triangles. BLASes
can also hold multiple meshes, the indices can be in 2-
byte format, and they may include a transformation matrix.
Statistics of the partial exports are reported in Table 2.

The number of BLAS addresses in a TLAS varies
widely across Cyberpunk 2077’s scenes, ranging from

| Geometry Metric | Scene 1  Scene 2 Scene 3 |
Unique objects 390 472 792
Total objects 677 3,810 2,460
Total vertices 792,767 932,937 1,312,385
Total triangles 650,225 614,522 1,259,128

Table 2: Statistics of partial OBJ exports of the three cap-
tured scenes from Cyberpunk 2077. A unique object is
a BLAS with unique address, and multiple object instances
correspond to multiple BLAS instances in the TLAS.

| BLAS Metric | Scene 1 Scene 2 Scene 3 |
Total BLAS addresses 38,613 29,715 35,344
Unique BLAS addresses 6,878 4,677 4,637
Single BLAS instances 3,468 2,785 2,634
Multiple BLAS instances 3,410 1,892 2,003

Average BLAS instances 5.61 6.35 7.62
Maximum BLAS instances 511 788 925

Table 3: Statistics of ray tracing acceleration structures
of the three captured scenes from Cyberpunk 2077.

fewer than = 25,000 up to ~ 42,000, judging from de-
bug logs when running around in the game. We captured
three scenes and examined them closely (see Table 3).
Among all BLAS addresses referred to in the TLAS, only
13% — 18% are unique, meaning each BLAS is reused
and instantiated on average 5.6 — 7.6 times. 50% — 60%
of BLASes are instantiated only once, and the maximum
number of instances per BLAS ranges from 511 to 925.
In Cyberpunk 2077’s built-in benchmark, we tracked
6,730 to 7,280 unique acceleration structures per frame,
a number higher than for the captured in-game scenes.
During the benchmark run, there are ~ 2.1 BLAS updates
each frame on average, plus the TLAS. The number of up-
dated BLASes ranges from 0 to 4 per frame. During regu-
lar gameplay, it can reach two digits as new levels of detail
meshes are loaded and their respective BLASes are built.

6 Conclusion and Future Work

In this paper, we outline the rationale for creating a new
dataset to benchmark ray tracing algorithms by document-
ing the geometry models currently used. We evaluate ex-
isting software tools for their capabilities to extract data
from video games and discuss the technical challenges en-
countered during the development of our own solution,
presenting some preliminary results.

The tool targets a small subset of the graphics API calls
and is thus quite performant. Given that the geometry is
passed to BVH build calls in a format suitable for rasteri-
zation, we intend to visualize the TLAS by creating a new
window to render it alongside the actual game in real time.
Our goal is to release not only the meshes but also the two-
level BVH hierarchy to support research on hierarchical
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optimization. To our knowledge, such a dataset does not
exist. While we are currently focusing on a single frame,
we also plan to export geometry across multiple frames
to support research in animated ray tracing.

6.1 Rays and Hits Capture

The next step involves attempting to transpile and emu-
late the shaders to obtain rays and their corresponding hits.
We plan to augment the geometry datasets with this meta-
data to enable deterministic ray tracing benchmarks. The-
oretically, emulation would also allow for the extraction
of lights, which could be added to the geometry without
the rays, producing yet another variant of the dataset.

The DXR [27] pipeline is invoked similarly to rasteri-
zation and compute: set a pipeline state with the shaders
on a command list via SetPipelineState (), then
call DispatchRays (). The dispatch invokes a grid
of ray-generation threads, where each knows its location
in the grid and generates arbitrary rays via TraceRay ()
HLSL intrinsic function. Ray has an origin, direction,
and parametric interval in which intersections may oc-
cur. A ray is accompanied by a user-defined payload that
can be modified as the ray interacts with geometry and
is also visible to the caller of TraceRay () upon its re-
turn. The intrinsic function supports ray flags to override
transparency, culling, and early-out behavior. Geometry
instances in BLAS contain a user-defined mask, which is
ANDed with the TraceRay () argument to consider that
geometry for intersection.

Any hit and closest hit shaders are part of a hit group.
Each geometry refers to a hit group to provide the code
to execute. Ray generation and miss shaders are shared.
Applications control when the shader compilation occurs.
The initial HLSL shader compile to DXIL [23] format
can be done offline without any knowledge of the hard-
ware driver. When CreateStateObject () creates
a DXR pipeline, the DXIL is compiled and optimized
to the GPU machine code of the host system. We can
hook the call to extract the DXIL, which is well-defined
and based on LLVM IR.

TraceRay () HLSL call is part of a compiled shader
executed on the GPU, making it impossible to intercept
in the same way as CPU-side API calls like DirectX. Cu-
riously, the HLSL standard defines print function that
would straightforwardly solve the problem. However, we
do not know any GPU supporting this feature. We inves-
tigated reusing the user-defined ray payload by program-
matically editing the DXIL to extract ray information. We
ruled this option out because we cannot determine the se-
mantic meaning of specific payload bytes, nor can we pre-
dict whether subsequent calculations within the ray tracing
pipeline depend on them. Simply appending more bytes
to the payload is also not feasible, since the payload size
is registered via an API call prior to pipeline execution
and potentially checked by the application if not tampered
with. Thus, we are considering the software emulation.

6.2 Licensing

We plan to contact the relevant rights holders to ask
for their permission to release the captured datasets. We
are aware of the issues related to licensing, artistic intel-
lectual properties, and other concerns, and we understand
the possible reasons for the absence of such data in exist-
ing datasets. Activision, the creator of Caldera [2], stated
that transforming proprietary assets into a shareable for-
mat demands considerable effort. We sincerely appreci-
ate the diligence involved. We also believe that by taking
the initiative to extract and convert video game data into
a usable format ourselves, instead of relying on compa-
nies to allocate their resources for this task, we enhance
the likelihood of releasing similarly complex datasets.
Even if we do not secure permissions, our work remains
relevant and beneficial. Researchers could use the tool
to capture data for their own internal benchmarking. Real-
time TLAS visualization in a separate window, and the po-
tential visualization of rays and hits could aid game devel-
opers during debugging. No existing frame-capture tool
currently supports that. In the long run, it would be bene-
ficial to establish an online hub where researchers could
download the datasets and upload their algorithms and
benchmark results for others to use, rather than relying
on survey papers and re-engineering existing algorithms.
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