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Abstract Stereoscopic rendering and multiview rendering are used for virtual reality and synthetic
generation of light fields from three-dimensional scenes. Since rendering multiple views with ray-tracing
techniques is computationally expensive, the utilization of multi-processor machines becomes necessary
in order to reach real-time frame rates. In this paper, we propose a dynamic load balancing algorithm
for real-time multiview path tracing on multi-compute device platforms. The proposed algorithm adapts
to heterogeneous hardware combinations and dynamic scenes on the fly. We show that on a heteroge-
neous dual-GPU platform, our implementation reduces the rendering time on average by about 30-50%

compared to uniform workload distribution, depending on the scene and the number of views.

Keywords Virtual Reality, Multiview, Light Field, Heterogeneous Computing

1 Introduction

Virtual Reality (VR) headsets and light field displays are technologies that are becoming more and more
used for producing visual immersive experiences [[1]]. Light fields (LF) originate from the 5D plenoptic
function [2,3], depicting the flow of light rays in space. Sampling an LF from different viewpoints allows

the viewer to see a scene from different angles on an LF display.

An immersive virtual 3D experience requires frame rates of up to 90 frames per second (fps). This
corresponds to a frame time of ~ 11 milliseconds (ms), during which an image or a set of images
should be rendered and displayed. Moreover, the traditional stereoscopic VR headsets suffer from the
vergence—accommodation conflict [4]], which can significantly contribute to visual fatigue for VR users.

This problem can be mitigated with LF-based displays, such as [5] or [6]. However, multiview rendering
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based on images or 3D models is necessary to automatically generate images for such displays.

Real-time generation of multiple views from 3D scenes requires simultaneously rendering multiple im-
ages from different viewpoints under a strict time constraint. Photorealistic rendering is required for high-
quality immersive results, which is achievable through ray-tracing based techniques [[7,8]], such as path
tracing [9,/10]. Although modern graphics processing units (GPUs) have hardware acceleration for ray
tracing, such techniques remain computationally expensive; producing high-quality and high-resolution
path traced content is not currently feasible on a single GPU in real-time. Naturally, path tracing multiple

views increases the rendering workload for a fixed number of computing resources.

When path tracing with a single compute device (e.g., GPU, CPU, FPGA, or another type of hardware
accelerator), rays are launched in parallel and run on the available hardware threads. The computing
capacity of the device becomes overloaded when the number of rays to process exceeds the number of
hardware threads. This case outreaches the frame of Gustafson’s law [[11]: the computing resources are
no more able to parallelize the entire workload. This leads to a serial execution scheme, where a set
of rays are only executed in a parallel sequence after the previous set of rays has been computed [12].
This serial effect increases the overall rendering time. In addition, each ray may have a different execu-
tion time depending on the complexity of the scene. Improving the computing resources with multiple
compute devices allows to reduce the hardware limitations of a single device. However, it requires an
evenly balanced rendering time for each device and limited data transfers, in order to avoid bandwidth
overhead [|13]] and to reduce the overall rendering time. In a nutshell, both heterogeneous hardware capa-

bilities of multiple compute devices and 3D scenes are sources of dynamism, inducing imbalance.

In this paper, our focus is on the reduction of the rendering time for real-time multiview path tracing
within multi-compute device platforms with dynamic camera movement that simulate the motion of the

user. The following contributions are made:
* We formalize a model to map path tracing tasks from multiple views to multiple compute devices.

* We present a dynamic load balancing (DLB) algorithm within our model for multiview rendering
on such multi-compute device platforms, based on dynamically updated workload ratios of the

devices.

* We show that our implementation of the DLB algorithm scales across multiple viewpoints, with a

constant performance gain of 30-50% per scene over uniform workload distribution on a hetero-



geneous dual-GPU setup.

2 Related work

2.1 Screen space decomposition for distributed and parallel rendering

In the classification of parallel and distributed rendering [14], the image-parallel (or sort-first) approach
exploits the spatial coherency of the screen. It consists of decomposing the screen space of a viewpoint
into multiple screen regions, also called screen space tasks that are then assigned to multiple GPUs. They
can have different levels of granularity: tiles, rows of pixels, single pixels or rays. The image-parallel
approach assumes that the raw data (mesh) of the scene can fit in the memory of each available GPU,
unlike the data-parallel (sort-last) approach which is mostly used for volumetric ray-casting. The sort-
last approach is based on data space decomposition, which involves the spatial partitioning of the scene
data. In the image-parallel approach, depth image compositing is avoided compared to the data-parallel

approach. In order to distribute the workload, these screen regions are split across the GPUs.

Most of the existing prior works show task-based ray tracing frameworks that support either the image-
parallel or the data-parallel [15] configuration, and sometimes both [[16-18]. More advanced frameworks
combine both approaches where an image-parallel layer is implemented on top of a data-parallel layer
to amortize the data transfer overhead during the compositing stage [[19,20]. These works usually target
high-performance visualization on distributed memory architectures, such as clusters or networks, which
are not in the scope of our work. In multi-GPU architectures processors communicate through CPU’s

main memory.

The work proposed in [21]] introduces a screen space decomposition scheme called shuffled strips, which
scales well with the number of processors. Thus, it provides a high scaling efficiency compared to
regular tiling for homogeneous and heterogeneous computing environments. However, the method is not
demonstrated for dynamic load imbalance. Moreover, they consider the notion of workload ratio, based

on the performance of the rendering processors to set the number of assigned screen regions.

2.2 Load balancing for ray-tracing techniques

The goal of a load balancing algorithm is to adjust the workload per processor to avoid idling and to

get a high scaling efficiency, thus balancing the individual rendering time of each processor. Usually,



the assignment of such tasks to processors beforehand is defined as static load balancing. In contrast,
dynamic reassignment of tasks after a given number of frames is called dynamic load balancing. In this
paper, we work on dynamic screen space tasks load balancing for real-time path tracing in the context of

multiple viewpoints.

The most recent works on real-time load balancing techniques for ray-tracing are often adapted to partic-

ular cases only. This is partly due to a lack of formalism in the literature to base future research on.

Xie et al. [22] use a static load balancing at a pixel granularity for real-time cluster path tracing. Each
pixel is assigned to a GPU based on a pixel stride. They achieve a linear improvement in the render-
ing time when they add more GPUs. However, they do not take into account heterogeneous hardware

capabilities.

In [23,24]], the authors propose a dynamic cross-segment load balancing algorithm within the Equalizer
framework [18]] aimed at rendering on multi-tiled displays. Despite a good dynamic workload distribu-
tion, their work is limited to the case where the number of GPUs is greater than the number of displays.
In contrast, our proposed method is more general, handling also the case where the number of viewpoints

to render is greater than the number of available GPUs or other compute devices.

Biedert et al. [25] propose a framework for multi-tile streaming, where path traced images are sent over a
network to multi-tile displays. They design a dynamic auto-tuned tiling load balancer, where the size of a
tile is changed based on the measured rendering performance of the GPU associated with that tile. They
notice that tiles of heterogeneous sizes attest a better scaling efficiency than regular tiling. However,
when more GPUs are added, the scaling efficiency becomes worse due to a higher number of smaller
tiles. Moreover, they do not provide further evaluations for their method when there are animations or

dynamic camera movements.

A dynamic dual-GPU load balancer for super high-resolution light fields is presented in [26]. They
achieve an even rendering time on a high-end dual-GPU setup. However, their implementation is limited
to split frame rendering (SFR), and it relies on the deprecated Nvidia SLI interface, which also limits the

amount of possible GPUs to be used.



2.3 Multiview path tracing

In multiview rendering, spatio-temporal information can be reused between multiple views. For example,
in stereoscopic ray-tracing situations, the spatial information can be directly reprojected from one eye to
another [27,28], reducing the number of traced rays and the rendering time. In [29], the authors evaluated
that using reprojected samples can improve the quality of stereoscopic path tracing applications by a
factor of 25 based on the SSIM metric. Although such techniques improve the quality and reduce the
computation time, a small amount of information cannot be reused due to e.g. disocclusions, and thus
must be entirely path traced or recovered with rasterization techniques like done in [30]. In [31], the
authors focus on multiview path tracing with importance sampling where some views share similar light
paths [31]]. In [32]], Fraboni et al. propose to directly exploit the spatial coherence of the light paths for

volumetric rendering to conserve density information along the paths for different views.

3 Scaling multiview path tracing

In this section, we present our method to dynamically balance the path tracing workload of multiple
views on multi-compute device platforms. Note that while the method is conceptually agnostic of the

types of the compute devices, we describe it in terms of GPUs for notational simplicity.

Our method consists of two parts: First we propose to formalize an abstract representation of the ren-
dering workflow. Then from this abstract definition we design our dynamic load balancing (DLB) algo-

rithm.

3.1 Static scheduling for multiview path tracing

Algorithm 1 Uniform workload ratios at initialization
Input: N GPUs

Output: W an array of workload ratios
10
W = {wo, vy Wiy -eny wN_l}

for : < N do

1

end for




Our dynamic load balancer starts with a static scheduling phase, which serves as an initialization stage
before the rendering stage. It describes the multi-GPU pipeline at a high-level. Scheduling means orga-
nizing the workflow and choosing how tasks are mapped to the GPUs, which differs from managing the

workload balance only.

In the beginning, we make no assumptions about the performance of the GPUs. An alternative to this
would be to set an initial static scheduling strategy based on precalculated GPU performance models
for ray-tracing techniques. However, this is a nontrivial problem, especially when considering physically
based path tracing in heterogeneous computing environments [21]]. Note that general performance models
do exist for both GPUs [33]] and other hardware accelerators in heterogeneous architectures [34]], and
such models could be used in combination with auto-tuning for ray tracing [35]]. While such approaches
are likely to produce a better initial estimate than uniform workload initialization, our approach has the
benefit of not requiring a separate pre-processing auto-tuning pass. Instead, it adapts to heterogeneous

hardware combinations and application-level dynamism on the fly.

First, we take into account the number of different viewpoints and the number of GPUs. We denote them

respectively by M and N, where M > 1and N > 2.

When multiple GPUs work together within the same renderer, they must be assigned rendering tasks
that they will process. Once all paths are computed, the screen regions must be gathered to a primary

GPU in order to compose the final image. This step is also known as the compositing stage as shown in
Figure [I(b).

We want to split the rendering workload uniformly across the N GPUs. In order to avoid additional data
structure manipulation, we do not directly manage the tasks, but use the concept of workload ratio as
done in [21]. Workload ratios are real numbers contained between 0 and 1, and their sum is equal to 1.

We rather assign a quantity of tasks than the tasks themselves.

We assign to each GPU g, a workload ratio w; equals to % where 0 < ¢ < N, as shown in Algorithm

This implies that each GPU will render a ratio w; of the total workload.

Once the workload ratios are established, an equal number of tasks is mapped to each GPU, as shown in
Figure a). Now, for each view, we want to retrieve the amount of tasks to distribute to each GPU accord-
ing to the associated workload ratio. Let 7" be a set of rendering tasks as they are defined in Section 2.1

Specifically, T" contains the screen regions of each M path traced viewpoints: 7" = {7y, ..., T}, .. Th—1}
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Figure 1: (a) Mapping graph of uniform workload distribution for N = 3 and M = 5, and (b) the task

graph related to the static scheduling. GPU g is represented in blue, g; in red and g, in green.

with 0 < j < M, where T; is a subset of 7. T} contains K screen regions from the viewpoint j, as
illustrated in Figure [2| Let job; be a set of tasks to be processed by a GPU. A GPU g; is then given an

amount of tasks equals to:

ljob;| = w; - |T| (1)

The previous statement (Equation [I)) is equivalent to:
M-1 M-1
wi- > Tyl = > wi- |T| )
j=0 j=0

Since for each GPU g;, w; is constant during the execution of the Algorithm [3| Equation [2] shows that
each GPU g; gets a portion of tasks equal to w; from each view j. Pseudocode for the mapping of tasks

from multiple viewpoints to multiple GPUs is presented in Algorithm

3.2 Dynamic load balancing

Previously, we showed that the workload ratios are practical for getting the number of tasks per GPU
beforehand. While the program is rendering, we want to balance the rendering time of each GPU in
real time. This can be affected for example by the complexity of the scene, user input (such as camera

motion), or the hardware.
When the dynamic load balancing algorithm (DLB) is called, we want to estimate the current workload
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Algorithm 2 Mapping tasks to GPUs
Input: M viewpoints, N GPUs, W an array of workload ratios, 7" a set of subsets of tasks

Output: Job an array of tasks to render per GPU

Job = {joby, ..., job;, ..., jobn _1 }
740
for j < M do

10

for < N do

|jobi| < w; - |T}|
end for

end for

GPU, GPU, GPU. GPU,

Multi-GPU architecture

Job of GPUg

Viewpointj

Figure 2: Diagram outlining the different stages of the assignment of screen regions to a GPU. First the
screen space of a view to be rendered is decomposed into regions. Based on a distribution scheme, those

regions are assigned to a GPU. Then the GPU runs these tasks.



ratio for all the GPUs. Thus, we can adjust the number of pixels for the next frame. We present a
dynamic load balancing algorithm based on the information available from the initialization stage and

the renderer.

Since we did not make any assumptions on the capabilities of the GPUs during the initialization stage,
it is necessary to obtain some information on their performance. Specifically, the algorithm needs to

calculate their relative rendering speed from the rendering time and the number of pixels.

Algorithm 3 Dynamic load balancing with workload ratios

Input: M viewpoints, N GPUs, W an array of workload ratios w;, R an array of rendering speeds 7;
Output: W updated
140
70
for i < N do
Rl e e
end for
for : < N do
w; <

end for

The prerequisite for the rendering application is to provide as input the last rendering time of the GPUs.
By knowing the initial workload ratio, we know the number of tasks assigned to the GPUs. Based on
these parameters, we can calculate the relative rendering speed per GPU of the last frame for a given

number of tasks.

If A; is the rendering time frame of a GPU g; and |job;,| its number of tasks, then we get the rendering

speed r; as follows:
o= |job;]
2 Az

Equation [3| yields the number of tasks rendered by g; per unit of time. From the rendering speed 7;, we

3)

simply estimate the workload ratio w;:

wy = 4)
T
such as,
N-1
r= ) i )
=0



Figure 3: Example visualization (cropped) of shuffled strips screen space decomposition with 2! strips.

The colors (red, green, blue and yellow) illustrate which GPU processes which strip.

where r (Equation [3]) denotes the sampling frequency of the screen regions. It corresponds to the number
of screen regions |7T'| that can be rendered per unit of time. This DLB procedure is summarized in

Algorithm 3]

4 Implementation

Our method is implemented inside our custom C++ Vulkan path tracer implementation. Rays from

different viewpoints are traced simultaneously.

To manage the workload ratios in an omniscient way, a high level data structure called task manager
oversees the scheduling and dynamic load balancing processes. For each GPU, this data structure stores
the following information: index, workload ratio, rendering speed, rendering time and number of pixels.
These information are first obtained or computed before the application starts to render. They are updated

to the task manager from the path tracer at the end of each frame.

We divide the screen space by using the shuffled strips scheme [21]], because this method proves to have
a high scaling efficiency and can be easily combined with workload ratios. The number of shuffled strips
per viewpoint is given by |Tj| = 2°, where b is an integer that should maximize the number of strips

inside a viewpoint’s screen space. An example shuffled strips distribution is illustrated in Figure[3]

The static scheduling and the dynamic load balancing algorithms are directly implemented as functions
belonging to the task manager. In this way, the updated information inside the task manager are directly

used during the DLB algorithm.

The renderer evaluates imbalance by comparing the GPUs rendering timings to each other. The first

rendering timing (for example from the GPU of index 0) we get from the renderer is considered as the

10



reference timing 7,.y. We fix a 10% tolerance threshold above and below the reference timing. The other

rendering timings 7; raise the state to unbalanced when:
o 7y < 0.9% 71y
e Llxrper<my
Depending on the state, it may call the DLLB algorithm from the task manager.

The renderer avoids excessive dynamic load balancing by checking the imbalance every 5 frames. This
way, we sample enough rendering timings to detect any unexpected load. It is done only when the time
information returned by the path tracer is valid. When imbalance is not detected, we accumulate the
rendering timings for each GPU (locally) and for all of them (globally). When imbalance is detected, we
average the rendering timings accumulated over the 5 frames. This gives a local average for each GPU
and a global average. When the system is imbalanced, if the rendering time of one GPU is below the
global average, then the task manager records its rendering time. However, if its rendering time is higher,
then the task manager records 0.75 of the local averaged rendering time of the GPU. This is done in order

to limit the effect of rapid performance fluctuations on the DLB algorithm.

The control parameters of our proof-of-concept DLB implementation, specifically the timing tolerance
threshold (10%), imbalance checking interval (5 frames), and the fluctuation regulation coefficient (0.75),
are set empirically in order to provide stable behaviour in our experiments. However, for more general
situations with a wider variety of heterogeneous compute devices and more sources of dynamism, the
algorithm could be regulated more robustly by modelling the problem through a PID controller mecha-

nism.

5 Experiments

The experiments are performed either on a heterogeneous dual-GPU machine composed of 1 GeForce
RTX 3090 and 1 GeForce RTX 2080Ti, or on a homogeneous dual-GPU machine composed of 2 GeForce
RTX 2080Ti. We use three existing scenes (Figure {)) that we customized in order to generate animated

camera movements, to modify the materials or to add additional objects.
We conduct three different experiments:

* In Section [6.1] (“DLB vs. uniform workload distribution”), we set a fixed number of 3 x 3 views
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Figure 4: Scenes used for the experiments: (a) Sponza, (b) San Miguel, and (c) Abandoned warehouse +

Chinese dragon. Note: image exposure increased.

for the Sponza scene. We compare the performance on the same scene between 1 GPU, the hetero-
geneous dual-GPU machine with uniform workload distribution, and the same dual-GPU configu-

ration with our DLB algorithm.

* In Section [6.2] (“Heterogeneous and homogeneous performance”), we use the San Miguel scene
with multiple different virtual camera grid sizes: 2 X 1,3 X 3,5 x 5 and 9 x 9 views. We show the
overall behaviour of mapping of the tasks to the GPUs with the DLB algorithm, when the number

of views increases on a heterogeneous and a homogeneous dual-GPU machine.

* In Section [6.3](“Spatial coherence”), we consider a homogeneous dual-GPU machine. For this, we
use the Abandoned warehouse + Chinese dragon scene with the number of views fixed to 9 x 9. We
exploit the spatial coherence of the views by reusing (reprojecting) the samples in order to decrease
the rendering time. This allows to have an overview of the adaptability of our task mapping and our
DLB algorithm in a more advanced situation. The reprojection is done from the central viewpoint

which is path traced, to the other 80 viewpoints.

For all the experiments, the path tracer is configured with 1 sample per pixel (spp), 8 maximal bounces
for paths, 100 frames, and next event estimation enabled. The views are path traced at an HD resolution

(1280 x 720).

6 Results

6.1 Dynamic vs. uniform workload distribution

For the Sponza scene, we run an animation where the virtual camera is first placed on the roof. Progres-

sively, the camera goes down into the courtyard where there are more reflections. We use a 3 x 3 grid
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Rendering time performance per setup (Sponza 3x3)
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RTX 2080Ti + RTX 3090: Uniform workload distribution
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Figure 5: Rendering time over 100 frames for the Sponza scene on one RTX 2080Ti (blue), and on a

dual-GPU RTX 2080Ti + RTX 3090 with uniform workload distribution (pink) and with dynamic load
balancing (purple).

of viewpoints spaced each by 0.2 meters. The top left viewpoint of the grid is the origin of the virtual

camera used to produce the animation.

Figure [5] reports the observed results on the heterogeneous dual-GPU with a 3 x 3 grid of viewpoints
spaced each by 0.2 meters. We see that our DLB algorithm begins to clearly outperform the uniform
workload distribution from about frame 30 onward; this is when we enter the courtyard, where the amount
of diffuse reflection is more important than on the roof. The average speedup of the DLB algorithm over
the uniform one, over 100 frames, is x1.3. The single-GPU performance is also shown in the figure for

reference.

6.2 Heterogeneous and homogeneous performance

The San Miguel scene exhibits more complexity than Sponza, as it contains more intricate geometry.
For this scene, the animation starts from a corner of the courtyard in the shadow, and then the camera
progressively goes towards a region subject to direct illumination. We evaluate the efficiency and the
stability of our imbalance detection policy (Figure [6] and [§). As we can observe for the heterogeneous
dual-GPU configuration (Figure [6]), during the first frames the dynamic load balancer begins to collect

the average timings. Then, once the initial evaluation delay is past, the DLB algorithm decides to balance
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Figure 6: Rendering time on heterogeneous dual-GPU, for various view counts.

the workload (straight vertical purple line). After this, it seems that both GPUs reached their optimal

rendering workload, so the dynamic load balancer is not called again, as shown in Figure

On the other hand, for the homogeneous dual-GPU configuration, our imbalance detection policy is
enough to handle the case where 2 GPUs have the same hardware capabilities, as shown in Figure[§] In

that case, the dynamic load balancer is never called.

6.3 Spatial coherence

Table [I] shows a timing breakdown for the homogeneous dual-GPU setup with spatial reprojection en-
abled. The scene used is Abandoned warehouse + Chinese dragon scene for a grid of 9 x 9 viewpoints
over 100 frames. The pixels of the source viewpoint are reprojected to the other 80 viewpoints. How-
ever, due to differences in the visible areas between viewpoints, some pixels cannot be reprojected, and
would have to be filled in by path tracing. For simplicity, we do not consider the filling step, since all
framebuffers of the destination viewpoints are rendered on the primary GPU right after the compositing

stage.

We can see that the primary GPU RTX 2080Ti (0) spends 31 ms receiving G-buffers from the host.
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Heterogeneous dual-GPU rendering timings (San Miguel 5x5)
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Figure 7: Profile of the rendering timings in the heterogeneous dual-GPU machine for San Miguel with
a 5 x 5 viewpoint grid. Dark green and orange curves depict the rendering time of the two GPUs during
the dynamic load balancing process. After 5 frames, they are overlapping each other, which illustrates a

near perfect workload balance.
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Figure 8: Rendering time on homogeneous dual-GPU, for various view counts.
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Uniform workload distribution DLB

RTX 2080Ti (0) RTX 2080Ti (1) RTX 2080Ti (0) RTX 2080Ti (1)

Path tracing (ms) 11.35 34.19 18.37 24.14
G-buffer transfers from host - for 80 viewpoints - (ms) 31.08 - 31.09 -
Spatial reprojection (ms) 7.41 - 7.40 -

Table 1: Averaged GPU timings (Abandoned warehouse + Chinese dragon, 9 x 9 viewpoints) on homo-

geneous dual-GPU with spatial reprojection.

The G-buffers are needed for the 80 reprojected viewpoints to determine whether or not reprojection is
possible. This large data transfer affects the secondary GPU RTX 2080Ti (1). This leads to stalls in
the rendering pipeline. The path tracing stage becomes subject to data access delays when the secondary
GPU needs to receive updated scene buffers for path tracing or to send its framebuffer while the G-buffers
are being sent to the primary GPU. This is noticeable by comparing the path tracing time of 1 viewpoint
with spatial reprojection (Table [I) and without spatial reprojection (Table [2)). The spatial reprojection
from 1 path traced viewpoint to the other 80 viewpoints takes 7 ms. The secondary GPU is idle for ~ 38

ms on average for each time frame, waiting for the primary GPU to finish the reprojection pass.

Moreover, on the first row of results in Table E], we see that the DLB algorithm, which is called 7 times,
still reduces the time of path tracing compared to the uniform workload distribution. However, it tends
to converge with difficulty to an equal path tracing time, since both GPUs have the same hardware

capabilities and only data access delays perturb the measured path tracing time.

Overall, the task mapping model reveals its limitation when we try to exploit the spatial coherence be-
tween the views. As our spatial reprojection is done based on full path traced views, having a full bipartite
graph representation as a task mapping model limits the potential full parallelization for multiview ren-
dering. The frame times still remain high for targeting real-time utilization for displays with more than 2
viewpoints. This leaves room for improvement regarding how tasks are mapped to different GPUs. High
frame times are also observed when spatial reprojection is used with a large number of high-resolution

viewpoints, because it involves large G-buffer data transfers.
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Uniform workload distribution

RTX 2080Ti (0) RTX 2080Ti (1)

Path tracing (ms) 12.44 11.62

Table 2: Averaged GPU timings (Abandoned warehouse + Chinese Dragon, 1 viewpoint) on homoge-

neous dual-GPU without spatial reprojection and without DLB.

7 Conclusions

We introduced a dynamic load balancing algorithm in our model suitable for multiview path tracing
on multi-compute device platforms. The load balancing is done based on compute device workload
ratios when imbalance is detected. The screen region decomposition is done by using shuffled strips as

in [21]].

As expected, the results show that when the GPUs have similar hardware capabilities, our proposed load
balancer does not provide notable additional benefits over a static load balancing scheme. However, on
a heterogeneous dual-GPU platform, the proposed dynamic load balancer reduces the rendering time on
average by about 30-50% compared to uniform workload distribution, depending on the scene and the
number of views. Our approach is thus more general than prior scheduling models related to multiview
rendering, and is able to adapt to heterogeneous hardware combinations and dynamic camera movements

on the fly to target real-time and interactive visualization for next-generation LF displays.
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