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Abstract—In computer graphics, generating high-quality im-
ages at high frame rates for rendering complex scenes from huge
data is a challenging task. A practical solution to tackling this
problem is distributing the rendering load among heterogeneous
computers or graphical processing units. In this article, we
investigate the bottlenecks in a single processing unit or the
connection between the several processing units that need to be
overcome in such approaches. We provide simulation results for
these bottlenecks and outline guidelines that can be useful for
other researchers working on distributed real-time visualization
of huge data.

I. INTRODUCTION

Rendering high-resolution and large-data involving com-
plex objects in real-time applications such as training simu-
lators is an extant challenge in Computer Graphics. Despite
the advances in graphics hardware, because of the memory
constraints and bandwidth bottlenecks, visualization of huge
data is very difficult or impossible on a single graphics system.
At this point, scalability of graphics systems and so parallel
rendering on distributed systems plays an important role for
improving the performance of computer graphics software.
In other words, the rendering workload should be distributed
among many processing units that are connected either in a
single computer (cluster) or a computer network.

There exist many studies for distributed rendering of huge
data, as reviewed in Section I-A. However, these studies
either (i) use specialized hardware or computer networks (e.g.,
optic network [1]) that are not affordable in small and cheap
visualization systems , or (ii) employ algorithmic solutions
for distributing the primitives-to-be-rendered, which are mostly
unrealistic [2], e.g. many body problem [3], or not interactive
[4]. In this article, we investigate the bottlenecks in real-
time visualization of complex data with standard computers
connected with a standard network.

A. Related Studies

As outlined in Figure 1, for distributed rendering, there
are two main approaches: inter-frame and intra-frame based
distribution. In inter-frame rendering, individual frames are
generated by the processing units and the generated frames are
combined to a single display unit. On the other hand, in intra-
frame rendering, parts of a frame or a scene are distributed.

According to what is distributed, intra-frame rendering can
be of three types: sort-first, sort-middle and sort-last classes
[5]. There are various APIs which facilitate one of these

approaches. Some of these are WireGL [6], Chromium [7],
Multi OpenGL Multipipe SDK (MPK) [8] and Equalizer [9].
Among these APIs, Equalizer provides a much more scalable,
flexible and compatible interface with less implementation
overhead [10].

In the sort-first approach, a camera view is divided into
several subviews, or partitions, and each subview is assign to a
processing unit [11], [12], [13] - see also Figure 1. The outputs
of the processing units are easily tiled together by a server for a
final display device [5]. This approach is dependent on the size
of the input dataset while it is irrespective of image resolution.
Therefore, it is best to use this approach for applications whose
final frame rate decreases with the increasing image resolution.

In the sort-last approach, the scene is partitioned into sets
of objects or entities and these sets are shared among the
processing units [11], [14] - see also Figure 1. The outputs of
the processing units are only snapshots of only a part of the
scene, and they are combined by a server possibly with a post-
processing stage, where the depths of the individual objects are
taken into account for a coherent snapshot of the scene [5].
This approach is dependent on image resolution while it is
irrespective of input dataset. Therefore, this approach is well
suited for applications whose final frame rate decreases with
the increasing 3D input database.

In the sort-middle approach, a hybrid of sort-last and sort-
first is performed, where parts of the view as well as the objects
in sub-views are distributed [11], [15].

B. This Study

Different from the real-time interactive distributed visu-
alization systems which are dependent on very fast network
infrastructures, our work focuses on real-time interactive dis-
tributed visualization systems on standard 1 Gbit network
infrastructures and proposes design guidelines for different
load balancing strategies for such architectures.

We implement and compare two load balancing methods
against no load balancing: The first method distributes load
among a set of computers whereas the second method dis-
tributes the load on the same computer among many GPUs.

II. OUR LOAD BALANCING STRATEGIES

In this study, to share the rendering load and achieve higher
refresh rates, we propose load balancing strategies for dis-
tributed network environment and local distribution strategies



Rendering Types 

Inter-frame Rendering 

Intra-frame Rendering 

frame 

IG1 IG2 IGN 

… 

Load 

Balancer 

frame frame 

Display 

Sort-first Sort-last 

 

 

 

             frame 

IG1 IG2 IGN 

… 

 

 

 
 

 

 

 

 

 

Server 

Display 

 

 

 

             scene 

IG1 IG2 IGN 

… 

Display 

Server Server 

Fig. 1. Overview of the different approaches to distributed rendering.

and compare their results with scenarios which do not use load
balancing strategies. Network Sharing Method (NSM) is based
on sharing rendering load on among distributed computers
whereas GPU Sharing Method (GSM) is based on sharing
rendering load in the same computer locally.

A. Rendering with a network of computers (Network Sharing
Method - NSM)

In this method, load is distributed among a network of
computers. The distributed environment consists of the Central
Control Computer and a number of Image Generators (IGs).
An IG is an image generator computer which renders the scene.
The Central Control Computer is the master computer which
listens to the states of the IGs in terms of refresh rate and
decides to give IGs commands to help other IGs rendering their
frames if their refresh rate is under a threshold. The flow is
processed as shown in Figure 2. The Central Control Computer
commands IG1 to render the frame for IG2. When IG1

completes IG2’s frame, it sends the frame over fast network
to IG2. IG2 receives the frame and renders. The decision
for distributing load among IGs is given by central control
computer according to the current refresh rates.

B. Rendering locally among GPUs (GPU Sharing Method -
GSM)

In this method, the load is distributed on the same computer
among different Graphical Processing Units (GPUs). The IG
application is responsible for rendering the scene. In this
method, the flow is processed as shown in Figure 3. The
IG application commands helper GPU (GPU2) to render the
frame which includes post-processing effects such as particles
for the main GPU (GPU1). GPU1 is the GPU which is
responsible for rendering all the scene. When GPU2 completes
the frame, it shares the frame with GPU1 via shared memory
of the IG. In the meantime, GPU1 renders the main scene and
blends the frame which includes post-processing effects such
as particles rendered by GPU2. In this method, the decision for
load balancing is made locally in the IG by the IG application
according to the state of GPU1 in terms of refresh rate. When
the refresh rate is under a threshold, IG application decides
that the main GPU distribute its load to the helper GPU. The
output of the main GPU is used as the IG output. The output
of the helper GPU is only used as in input for the main GPU.
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Fig. 3. Flowchart of the scenario of GSM.

III. EXPERIMENTS AND RESULTS

The experiments were performed on a network of com-
puters each of which contains two GTX 680 graphic cards
(2GB RAM, 256 Bit), Intel i7 2700K processors and 16GB
main memory - see Figure 5 for an outline of the experimental
environment. The scene was selected as a large terrain in which
some dust is scattered as particles in some regions of the terrain
(see Figure 4 for a detailed snapshot). Each IG controls a
window which has a camera view from the same viewpoint
with contiguous field of views so that we can have a large
field of view for the scene.

A. Network Sharing Method

In the network, there is significant latency due to transmis-
sion of a packet, which can lead to incoherence in displayed
frames. Two solutions to this problem are: (i) Block the IG
receiving help until the next frame in sequence arrives. (ii)
Send the frames to the slow IG latest at t − ∆tN , where
∆tN is the delay due to network transmission and the related
processing. In this section, we will have a look at both. In
any case, for load distribution to be worth the effort for an IG
(IG1) that needs help, the time for rendering one frame should
be costing at least the time for a packet to travel on network
and the rendering time for the helper IG (IG2):

∆tIG1
> ∆tIG2

+ ∆tN , (1)

where ∆tIG1
and ∆tIG2

are frame rendering times for IG1

and IG2, respectively. The decision for the Central Control

Computer should be based on the frame rendering times of
IG1 and IG2 according to the criteria in Equation 1.

In addition, for an application that needs to achieve 25 fps,
the time for the helper IG (IG2) to render one frame for the
other IG should be smaller than the time for rendering its own
frame (40ms in the case of 25 fps) minus the time it takes
helper IG to render the other IG’s frame:

∆tIG + ∆tOF < 40ms, (2)

where ∆tIG shows the time of rendering its own frame for a
helper IG, and ∆tOF is the time it takes a helper IG to render
the other IG’s frame. Based on this result, we can conclude
that the decision for the Central Control Computer should also
be based on the frame render times of helper IGs according
to the criteria in Equation 2.

In Figure 6, we analyze the effect of the received help on
the refresh rate of the IG receiving help. In these results, the
helping GPU sends a frame every 50ms. In the blocking case,
we see that, if the IG is fast enough, the received help cannot
increase its refresh rate because getting help means waiting for
a packet from the network, which costs more than rendering
the frame itself. In the non-blocking case, however, whatever
how fast the IG is, receiving help increases its refresh rate.
However, the amount of increase decreases when the speed
increases.

In Figure 7, we see the effect of the Network Sharing
Method on the refresh rate of the helping IG. We see that



Fig. 4. A few snapshots from the rendered scenes.
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Fig. 6. The effect of Network Sharing Method on the IG receiving help. (a) With blocking the IG receiving help, (b) Non-blocking the IG receiving help.

the helping IG is only slightly affected. This is due to the fact
that the IG prepares and sends frames over the network in a
separate thread than the one rendering the scene.

B. GPU Sharing Method

In Figure 8, we analyze the effect of the received help
on the refresh rate of the GPU receiving help. The helping
GPU sends every frame to the helpee GPU. We observe that,
whatever the slow GPU’s frame rate is, the help from the fast
GPU leads to approximately similar frame rates, both in the
blocking and the non-blocking cases. This is due to the fact
that shared memory allows very fast transfer of frame to the
helpee GPU and the helpee GPU does not get much chance to
render a frame itself. Therefore, Figure 8 shows us that GPU-
GPU sharing has a limit, no matter the original speed of the
helpee GPU.

In Figure 9, we see the effect of the GPU Sharing Method
on the refresh rate of the helping GPU. We see that the helping
GPU is very much affected. This is due to the fact that the
time spent for the helping GPU to copy the rendered data to

the shared memory is roughly three times than rendering a
scenes.

C. Guidelines

Based on the results provided in this section, we provide
the following guidelines:

1) Although the distributed rendering literature has
mostly focused on intra-frame load distribution strate-
gies, inter-frame rendering is still plausible despite
the network latency.

2) For overcoming the network latency problem, several
strategies can be adopted based on the demands of
the rendering problem. One is blocking the rendering
node while waiting for the frame from another IG,
and the other approach is non-blocking the IG re-
ceiving help, and taking care of the frame coherence
issue by making sure that the frames are sent at least
∆tN before the IG finishes rendering its own frame.

3) GPU-GPU sharing is much faster than IG-IG sharing.
The latency problem, though less severe, exists for



0 

20 

40 

60 

80 

100 

120 

140 

160 

180 

0 50 100 150 200 

Frame Rate  
After Network 

Sharing  
(fps) 

Frame Rate  Before Network Sharing  
(fps) 

y=x 

Network sharing 

Fig. 7. The effect of Network Sharing Method on the IG giving help.
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GPU-GPU communication as well. The same solu-
tions proposed for IG-IG communication apply to
GPU-GPU latency.

4) For enhanced distributed rendering, IG-IG and GPU-
GPU distributed rendering should both be utilized.

IV. CONCLUSION

With the desire to visualize huge data or simulate complex
scenes in high resolution, it has become a necessity to use
parallel and distributed rendering techniques or architectures
for fast, real-time, interactive simulation systems. Existing
approaches either share individual frames (inter-frame meth-
ods) or parts of a single frame (sort-first, sort-last and sort-
middle methods), and generally, they use advanced hardware
connected together in very expensive ultra fast networks.

The article has investigated the bottlenecks in parallel and
distributed rendering systems with simulations. It has shown
that in a locally distributed rendering system, the transfer from
one GPU to the other needs to go over the CPU and the
memory, which is a limiting factor. Moreover, for distributed
rendering using a network of computers, the network speed is
a bottleneck. We argue that, under these bottlenecks, rendering
can be distributed provided that the rendering speed of a
processing unit is slow enough to compensate for the time
delay for the data transfer, either in the computer or in the
network.
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