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Abstract Apart from scene graphs, General-Purpose Paral-
lel Computing on GPUs has attracted great atten-

The concept of scene graphs is widely used in Comt_ion in recent years. The rapid increase of GPUs

puter graphics to structure graphics-related entitiesp’erformange and the pgrallelk]archltectqre ddeS|gned
e.g. geometry, visual attributes as well as abstradP Streaming computations have convinced many

data related to certain application requirements ”k%evelopers to pk(])rt tr;]el:] algorithms for graphics
object identifiers or manufacturing details. ardware even though the standard GPU program-

This paper presents a new method to incorpo[ning paradigm is rather non-intuitive and closely

rateGeneral Purpose Graphics Programming Unit constrained by the underlying graphics pipeline.

(GPGPU)functionality into scene graph APIs. We Currently, so-calleccompute APIdike NVIDIAS
define specific scene graph nodes in order to realiZgOmpute Unified Device Architecture (CUDA) [10]

a flexible integration of GPU functionality at vari- 2ve been developed, making the implementation of
ous levels of granularity without violating the pro- data parallel algorithms on GPUs much more com-

gramming paradigm inherent to scene graphs. Wg)rtable.
focus on current and upcomirgpmpute APldike
CUDA, which are designed for GPGPU purposes.
We further present thesgConput e framework
that implements our concept and is based on th
OpenSceneGraph APIl. CUDA is integrated into
osgConput e viaosgCuda. Our method is flex-

Both aspects give rise to design a new type of in-
terface for hybrid applications which combines the
power of the hierarchical structure of scene graphs
with the flexibility offered by new compute APIs
like CUDA, OpenCL or DirectX Compute. Incor-

ible in the sense that other compute APIs could b orating compute APIS into scene graph-APIs has a

used instead. The advantages of our concept andgh potential to leverage GPGPU functionality to

of osgQuda are demonstrated by presenting exam1EW areas, e.g. to industrial applications. A generic

ples with different processing requirements integration concept should simplify the program-
’ ming of parallel algorithms for hierarchically orga-

nized data structures. Furthermore, it should follow
the intended extension mechanisms of current scene
graph APIs and preserve the scene graph’s model
of abstraction and usability. Our generic concept
Scene graphs have constituted the platform fomakes the following contributions:

many applications in the last two decades. Their

ability to employ standard graphics functionality as e We introduce a generic framework concept to
well as their power to encapsulate complex graph-  integrate data parallel algorithms into current
ics operations is the reason why scene graphs be- scene graphs. The framework concept mini-
came an industry standard. Over the years, different  mizes restrictions on both the computation and
improvements like multi-threading have been inte- the rendering API. The approach is integrated
grated into scene graph-APIs, making architectures  seamlessly into the scene graph programming
more and more complex. Still, scene graphs provide  paradigms and allows various levels of granu-
a good abstraction for developers who are no ex- larity regarding the utilization of the GPU.

perts with regard to all technological details. Many e We compare our implementation concept to
hybrid applications like computer games or simu- other, already existing, approaches and derive
lations have incorporated scene graphs in order to  application patterns for our framework con-
split up problems to smaller hierarchical structures. cept.

1 Introduction
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e We present an implementation of ourour design by employing additional design patterns
concept by combining the multi-threaded from Gamma et al.[5].
OpenSceneGraph-API with NVidia’s CUDA-
APIl. Due to the flexible implementation It has to be noted that multi-threading concepts
future compute APIs like OpenCL could strongly differ, making an abstraction of multi-
easily replace CUDA. threaded scene graph APIs de facto impossible.

e To show the feasibility of the design we

have implemented three example application&UDA [10] and OpenCL [7] are the most preva-
which capture some of the most common uséent compute APIs; new APIs like Microsoft's Di-

cases including a simple ray tracer, a particld€ctX compute [1] will be launched in near fu-
ture. NVSG [11] is a new scene graph API from

simulation and an image processing algorithm. > L2 )
NVIDIA, which is a closed source project. NVSG
The structure of this paper is as follows: In Sec. 2js built on top of shader-based graphics APIs. Cur-
an overview of related concepts and work is prerent developments are also touching upon the usage
sented, while Sec. 3 proposes our sub-traversal agf compute APIs like CUDA [11] in order to im-
proach as the basic concept on an abstract level. Igrove ray tracing techniques. However, the switch
Sec. 4, we describe the implementation of our conto NVSG requires the complete replacement of the
cept combining OpenSceneGraph and CUDA. Rescene graph API for existing applications.
sults and sample applications based on our frame-
work are presented in Sec. 5. Finally, in Sec. 6 we
conclude with future work.
2.2 Callback Approach

2 Reated Work

One way to integrate a compute API, as presented
by Mercury Systems [8] in the context of their Vol-
This section states the essential concepts of scengneViz project, is to encapsulate data parallel algo-
graphs (Sec. 2.1) and discusses the existing integrgthms within callbacks which are attached to a spe-
tions of compute APIs into scene graphs based oBialized type of leaf node. Callbacks are designed
callbacks [8] or scene graph engines [6] (Sec. 2.3o redirect the execution to some user-defined func-
and 2.3). However, both concepts violate the scengon during traversal of the graph. They are usu-
graph paradigms to a considerable extent. ally self-contained structures which should gain ac-
cess only to their attached nodes. In their simplest
form they interact with one dedicated node of the
2.1 SceneGraphsand Compute APIs scene graph only and they are completely invisible
to the other parts of the graph. In the graph struc-
The scene graph concept was first introduceqyre presented in Fig. 1 (A) two CUDA-based com-
by Strauss et al. [14]. ~ Widely used scenepytation functions generate two procedural texture
graph APlIs are Performer [13], Openinventor [16].resources. The resulting scene is shown in Fig. 8.
OpenSG [12], NVSG [11], and OpenScene-gyen this simple graph structure introduces fixed
Graph [3]. Scene graphs generally organize rendegeferences between the callback functions and their
ing objects in a hierarchical way, usually in a di- resources. The computation resources located in the
rected acyclic graph (DAG), by using a compositiongraph must be directly addressed by the applica-
of nodes. Scene graphs are evaluated by a travefipn. This requires additional application dependent
sal sequence. During these traversals each node{&ycs in order to resolve dependencies. Compu-
visited and either an action is performed on the obtations cannot be arranged hierachically or cannot
jects or each object is inspected. Doellner et al. [4khare data easily without intransparent software in-

propose a generic rendering system which decojrections which connect parts of a scene in order to
ples the scene graphs structure from the underlyingychange resources.

rendering API. As in most scene graph APIs, they
use a pre-order traversal method, which they denote
asevaluation traversal We follow this concept in
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Figure 1: The graph structure introduced by the callback approacar(@}he engine approach (B) repre-
senting the scene shown in Fig. 8. Both approaches require four &ences to resolve their resource
dependencies.

2.3 Engine Approach 3 Subtraversal Approach

The two design variants presented in Sec. 2 of-
fer well defined interfaces for specialized applica-
tion domains. However, they both do not fit into
the abstract object-oriented design patterns of scene

Anoth ion for the i . ¢ DA h graphs. The major motivation for our design is
nother option for the integration of CU aS o overcome their limitations. Thus, we introduce

bleen mtrtzjduced by C_;lden et gl. [6]|' They have _'m'computation nodesvhich traverse their own sub-
plemented computations as Openinventor engine raph. The idea is similar to the concept of cam-

Engines are designed to constrain one part of th ra nodes: Camera nodes are usually connected to a
scene to another and provide inputs and outputs of g, e target. A camera defines the parameters for
f|>_<ed type [16]. Internally, the so-called plpellr_le en'rendering and provides the result of the rendering in
gines are set up by one or more modules which cap, . ¢ renger targets to its ancestors. For each ge-

be arranged in a complex recursive plpellr_le S’truci)metry object found in their subgraph the rendering
ture. Each of these nodes implements a single an&peline is triggered

isolated data parallel algorithm.
Giden et.al. [6] introduced addltl_onal node classe ather information from their sub-graph during
to map data between the rendering and the comp

. hich b d h raversal, execute data parallel computations and
tation context, which can be connected to the engger the result to their parent nodes. Fig. 2 (C)

g@ne. In their case, the interface com.prises the engp o the graph structure to build up the simple
gne and the mapping nodes. In addm_on, they haV%xample already realized for the callback and en-
to introduce a new kind of context which executes ine approach. The input and output resources are
the computations as they do not apply any traVers""gollected from the subgraph. This approach main-

mechanism which usually defines a context. D'f_tains most of the programming paradigms of scene

ferent engines can share the same computation co faphs. To be precise, we aim at the following three
text. The parts of the scene graph affected by th esigns goals:

engine cannot be identified by observing the graphs

structure only. Even worse, the engine nodes can be ¢ Computation nodes minimize the number of
connected to arbitrary parts of the scene graph and fixed references to scene nodes because all
thus do not reflect any hierachies. The graph of the  necessary resources for the computation are
scene related to Fig. 8 is outlined in Fig. 1 (B). located in their subgraph. In contrast to the

In contrast to camera nodes, computation nodes
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Figure 2: (A): A single computation node with an arbitrary sub-graph: KRiltiple computation nodes
in a pipeline structure. (C): Multiple disjoint computation nodes. The grajhsot show the structures
required for rendering.

callback or engine approach, resources and.1 Utilization
computations are detached and modular ob-
jects which can be easily exchanged. This proComputation nodes can be inserted at any place
vides a seamless abstraction for developers. within the scene graph. Regarding the requirements
for the context handling, three application types can
e The common scene graph traversal mechanisme distinguished, which are examined in the follow-
is utilized in order to select resources for theing paragraphs. Corresponding examples are pre-
computation. Resources may be directly apsented in Sec. 5.
plied to the respective computation node as
well. The subgraph of a computation node can
be replaced or rescaled dynamically. Thisisar8.1.1 Single Computation Context
advantage over the previous approaches, since
they need to introduce new logics in order toln this case only one computation node is present.
make a dynamical exchange of resources posFhis is the simplest possible scene graph structure
sible. containing computation nodes. A single computa-
tion context is necessary which does not need to be
e Hierarchies between computation nodes arghared between different computation nodes. The
described by the graph’s structure and do notraversal only has to collect and filter required re-
introduce any invisible dependencies. Thissources from the subgraph. Note that the subgraph
also allows developers to interlace computa-of the computation node can be of arbitrary struc-
tions with camera nodes. However, recursiveture containing any standard scene graph nodes (see
structures are not directly supported as scenfig. 2 (A)). This heterogeneous structure requires
graphs are acyclic by nature. mapping of memory between the computation and
the rendering context. For example a ray tracer may
The subtraversal approach requiresmputation use this kind of structure which does not require the
contexts which manage the resources for one ofintroduction of a hierarchy. However, more com-
more computation nodes even in multi-threaded enplex approaches may utilize ray tracing in distinct
vironments. One or more computation contextsparts of the scene graph. This would require one or
manage computation resources, e.g. input and outore additional contexts.
put buffers or modules of one computation graph.
Since computation nodes are designed as a special-
ized group node, they demand their own traversaB.1.2 Shared Computation Context
schemes to keep resources up-to-date.
One can utilize computation nodes to construct sevif a scene graph has a hierarchy of two or more com-
eral structures in the scene graph as discussed in tipeitation nodes, the computation context is shared
following Section. among these nodes, which requires an optimized



mapping of resources. Additionally, hierarchical o T
. 1.4
computation nodes and camera nodes affect the Compute::Context O compute::Resource
. A . + register( Compute::Resource& ) + addHandle( string& )
traversal meChan|Sm. NOdeS maylmed’ Ie In- + unregister( Compute::Resource& ) 1_~O + isAdressedBy( string& ) : bool
put and output resources get connected, if the out ?
put resource of successive computation nodes is an v D
input of the current computation node. The top- Compute::Module Compute::Buffer
5 + launch() + map() : void*
most computation node starts an update traversal + aoespt( Compute:Resourced. + allon)
and receives resources from its successor nodes (see Lhee0
Sec. 3.3.1 for details on resource handling). Similar Ar
to the single context case, resources from render
ing and computation contexts need to be mapped Cuda::Context Cuda::Module
H H H H + register( Compute::Resource& ) + launch()
This typically introduces a computational overhead. | | o - o resourcet )

Afterwards the structure is executed in a bottom-up
approach, as explained in Sec. 3.3.2. Nodes are or- O I | |
ganized hierarchically in a directed acyclic structure
(see Fig. 2 (B)), thus more complex structures like

Cuda::Buffer Cuda::Array Cuda::Geometry Cuda::Texture

. A L ) + map() : void* + map() : void* + map() : void* + map() : void*
recursions need to be realized within a single com-| +aiioc) +alloc() +alloc() +alloc()
. . fi fi
putation node (see also Giden et al. [6]). +freel +freel  Crmap0) Pl

Figure 3: The class diagram showing the major
components for the abstra@nput e interface
and theirCuda implementation, focusing on com-

Placing several computation nodes in a scene graghltation contexts and resource handling.
in a non-hierarchical manner, i.e. in different dis-

joint subtrees, introduces a new level of complex-
ity since several computation contexts exist. Here,

resources may have to be attached to one or more
computation contexts, providing resources to differ-
ent computation nodes. Similar to multi-threading,

this might require multiple and synchronized in- F19- 3 classConput e: : Cont ext ) manages all
stances of shared resources, i.e. a speifiource  '€SoUrces required by any data parallel algorithm.

mapping Fig. 2 (C) gives an example of a graph We utilize a generic common interface class (class

layout employing multiple computation contexts. COMPut e:: Resource ) to handle modules and
buffers (data streams or arrays). This interface al-

lows developers to address computation resources
3.2 Computation Contexts within the graph on an abstract level. Such an inter-
face based class structure is frequently used by cur-

In compute APIs like CUDA, developers have to rent scene graph APIs in order to abstract from ren-
deal only with two things, i.e. the kernels or pro- dering API specific implementations [3]. An alter-
grams which implement the algorithms written in native concept would be a 2D handler table to make

the language of the respective compute API and th'e implementation more generic and independent
required memory. All resources and actions are adrom the respective functionality and resources [4].

signed to acomputation contextConsequently, a

computation context must be active in order to ex-

ecute data parallel code accessing context depen-

dent memory [7, 9, 10]. In scene graphs, on thélhe main advantage of this interface is the transpar-
other hand, a rendering context [4] or renderingent mapping of resources, especially between dif-
state [2, 13, 14] provides resources which are curferent contexts. The topmost computation node will
rently active according to the rendering traversakreate a computation context object which is shared
state. Both context types handle resources potema traversal with further computation nodes that are
tially required by specific computation nodes. possibly located in its subtree.

3.1.3 Multiple Computation Contexts

In our concept, thecomputation context (see



321 Modules of interest: textures and geometry objects (provid-
ing vertex buffers). The scene graph APl must

A module executes a kernel function and is directlydrant developers access to the underlying graphics
attached to a computation node. This allows devel£P! of those objects in order to make mapping for
opers to vary the algorithm of a computation nodeSuch buffers possible. In our design, classes like
in order to provide different behaviors for the sameuda: : Geonet ry andCuda: : Text ur e actas
subgraph. Thus, the communication between th@'ediators [5] between the different contexts: A

computation node and the respective module is deuffer as well as other resources can be attached
fined by a so-called strategy pattern which is delo several contexts at the same time and so need to

scribed in Gamma et al. [5]. replicate their data as long as the contexts do not

Modules accept resources of interest which are coffhare the same memory space. |.e. multiple CPU
lected by the gathering traversal. These resourcdfreads evaluate independent computation nodes in
are passed through the computation node to thBarallel. Systems which utilize only a single mem-
module. Prior to program execution each module®’Y Space for computations do not require such
maps its buffers each of which returns a pointer tg€plication mechanisms. In this case the attach-
its context dependent memory. A module has tgnent to.contexts is unnecessary and each bL.Jffer.can
specify a regular array of threads in order to exehandle its memory allocation and deallocation in-
cute a program in parallel on the GPU [1, 7, 10].ternally. . )
However, the organization of the array is crucial for | N€ API dependent implementation of the allo-
achieving high performance. It depends on the prog:atlon and mapping functlonalltle§ are defined in
cessed resources and can therefore not be generHl€ classes which implement the interface, e.g. in
ized. For each module the layout of the so-called1d@: : Téxtur e, and thus is completely trans-
thread-blocks must be explicitly specified in orderParent for modules.
to expose enough fine-grained parallelism to exploit
the massively multi-threaded GPU hardware.

3.3 Graph Evaluation

322 Buffers The evaluation of the scene graph requires two
traversals. The gathering process which collects
Buffers abstract memory which can be allocated if "€ "éduired resources whenever the subgraph has
different contexts. Memory is allocated lazily when h@nged and the execution traversal which launches
the first mapping of a buffer is requested. At thisthe computation nodes in bottom-up order, since in-
point a buffer is registered in the active computa.PUt Fesources may be output resources of a succes-

tion context. The mapping function then returns a0 node. . . i
handle to the related memory. Whenever a CompuBo’[h traversals are implemented in a pre-order-like
tation context is removed, all registered buffers arescheme [12], i.e. first nodes, starting from _the root
notified to release their memory. Finally, the mem-Of the subgraph, are processed before their succes-

ory is freed when the reference count reaches zer<330rt°‘ are visited. rl]n the Col?;:/(t IOf t_he generic rlen-
Buffers which also exist in the rendering context, ering systems this Is ca aluation traversa

so-called interoperability buffers, need to map thel>¢€ Doellner et.al. [4]) which is the most common

internal rendering objects to the respective Comgraversal type found in scene graphs and is avail-

pute context before launching a module. Usu-able in OpenSceneGraph [3], Openinventor [16],
ally, this mapping causes some computational overPPensG [12], Performer [13] and NVSG [11].

head [10, 1]. After a module has been executed

the unmap function of each buffer is called

which maps the memory back to the rendering con3-3-1  The Gathering Traver sal

text in order to be available for rendering purposes.

Buffers which only exist in the compute context do Since computation nodes have flexible input and
not implement this function. output resources which solely depend on the imple-
In general, two types of rendering resources arenented algorithm, the standard fixed-function state
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Figure 4: The gathering traversal. The topmost computation node sr@atemputation context and starts
the traversal (1). The buffer A’ located in the subgraph is forwdrttethe modules MO and M1 (2). The
traversal hands over the context to the child computation which requestsatsrces 'B, C’ (3). The buffer
labeled with 'B’ is accepted by modules of both computations.

approach used for rendering scene graphs is insuff| ¢ map();  =.map(); “map(); 2.map();
cient. The gathering traversal identifies the require -'auncg()? — Iy
resources in the subgraph of each computation noq , o ’ i

and establishes a link between hierarchically orga 0 d .Iau(rzi:h()'
nized computations. This is necessary since daf 1/0.1aunch(); H '

parallel computations on the GPU require input ang - 0:

: . . 3 -map(); =.map();
output streams in a very flexible way, which meang °* Jlaunch();
that the required resources cannot be easily ident| |- .Iauni:h(); ‘map(); i
fied. . (); =.unmap(); . ;

Our approach uses name-identifiers to locate rq 3 -render();

spective resources in the subtree. Collected rg c.render();
sources are inspected by the modules and bour| :render()f
to the respective computation node. Alternatively| .render();
a module may request all resources of a specific
type, e.g. all geometry resources. Each computation v @
node located in the subtree of a topmost computa- ) ]
tion node will share this context with the topmostFigure 5: Pseudo code showing the function calls
node. Thus, if the gathering traversal visits a chilgduring the computation of the graph outlined in
computation, the context is handed over. Fig. 4 exfFig. 4. 'A" and 'C’ are interoperability buffers
plains the gathering process for the pipeline strucWhereas ‘B’ is accessed only within the compu-
ture which has already been introduced. tation context. If the interoperability buffers are
Note that moving computation nodes possib|ymapped back to the render context directly a_fter the
changes the node’s computation context. Thi§nodulgs are launched (1) then more expensive con-
might force an expensive reallocation of all memory!€xt switches (orange) are necessary as if the buffers
if memory spaces differ among computation con-2re mapped back during the rendering operation (2).
texts. After the traversal the resources are ready for
being utilized by the parallel programs during the
execution traversal. cutes the parallel programs and unmaps the buffers.
Calling the mapping functions in this order is abso-
lutely necessary since interoperability buffers might
3.3.2 TheExecution Traversal be rendered after or before the computation.
For a shared computation context this procedure im-
The execution of the computation nodes is straighplies several context switches. Resource data has
forward. In case of a single computation node, eachto be mapped more often between the computation
attached module maps all the relevant buffers, exezontext and the rendering context. Fig. 5(1) shows




the involved function calls for our pipeline exam- ture memory internally requires to be copied into

ple. The modules of a computation are launchear from an OpenGL pixel buffer object in order to

after the respective subgraph has been traversed, ieake mapping to CUDA possible [10]. Since map-

cause the outputs of successor nodes might be usethg between contexts always comes with some per-

during execution. This also is the case for inter-formance penalty, especially for large textures, we

laced rendering operations. If it is possible to callonly map resources on demand by employing the

the unmap function directly before the renderingoptimized mapping strategy shown in Fig. 5(2).

function of an interoperability buffer the number of

mappings is reduced as shown in Fig. 5 (2). Note

that this does not influence the rendering action fod.2  Thread Synchronization

any interlaced non-computation node. If required,

intermediate results are still available through in-OpenSCeneGraph utilizes multiple threads to ren-

teroperability buffers. Similar to the approach ofder a single representation of a scene to multi-

Giden et al, one can introduce more complex angle displays e.g. for virtual reality applications.

recursive structures into a Single Computation nod%urns et al. have imp|emented a fixed sequence of
subsequent traversals (update-cull-render) of which
each might run in its own thread. Burns et al. define

4 Implementation Aspects which visitor traverses the graph at which point in
time and so are able to clearly synchronize traver-

) . .. sals. However, it is still possible that two threads
By implementing the subtraversal approach Wlthlnare rendering the same scene for multiple displays
OpenSceneGraph we have to deal with the fol- 9 P piay

lowing API specific aspects: First, computationizt:g:qssnm an unusual case for virtual reality appli-

resources providing mteroperat_)lllty between th.e\Nith multi-threading the problem of synchroniza-
computation APl and the rendering API have to fit_ . . . L
tion between multiple reader-writer threads is intro-

seamlessly into the rendering state concept of th S .
- uced. One solution is to replicate data of scene
respective scene graph. Second, resources need 10. . - .
objects for each active thread in order to avoid syn-

support the provided threading model. chronization calls [15]. Because we perform the
computations within the rendering traversal, each
computation resource must be aware of multiple
threads accessing it during rendering. OpenScene-
) . Graph avoids conflicts in such situations by repli-
OpenSceneGraph provides full access to the iNgating the private GPU memory of each rendering
ternal OpenGL structures of texture and ge0Miegqrce and constraining each rendering thread to
etry resources.  For each of these renderingenqer only within a single rendering context. Re-
resources we designed a resource class, €.ggrces have to manage one copy for each active
osgCuda: : Texture, which on the one hand .,mnyte context. Additionally we constrain one
inherits functionality from the respective Open- cpy thread to operate only on a single compute
SceneGraph class, e.@sg: : Texture, and on  c,niext in order to be thread-safe in the sense of
the other hand implements the interface class, e'QDpenSceneGraph. The selection of the respective

Conpute:: Buffer (see Fig. 3). This allows g5 js encapsulated within the mapping function
us to address the related memory in both contextsq oq is transparent for modules.

by implementing CUDA related mapping functions

within a single specialized class. However, doing so

introduces multiple inheritance into our framework5 Results

design which is a commonly used design principle

in OpenSceneGraph.

Another CUDA related aspect is the different han-We have presented a concept and implementation
dling of the interoperability functions concerning for the integration of modern compute APIs into
texture objects. Texture objects currently causexisting scene graph APls. Our approach ensures
some additional synchronization workload as tex-a high flexibility, i.e. there are no severe restrictions

4.1 Interoperability



inserted into any of the APIs. Furthermore, our ap5.2 Particle Simulation
proach establishes methodologies to integrate com-

putation nodes into scene graphs based on extendgfie graph used to render the particle simulation
scene graph concepts, i.e. an additional identificaexamp|e (see Fig. 7) is arranged by two computa-
tion of computational resources is introduced. Oukjon nodes: the topmost node computes the parti-
method makes different levels of granularity possi-cle movement and emits particles at specific seed
ble. The concept does not enforce restrictions OMoints. The child computation recomputes these
how computational tasks are integrated in the scengeed points whenever the box is moved. Seed points
graphs. A general and transparent interface mOd@Ebuda: : Buf f er) as well as the box geometry
is designed for resource handling with scene graphq(;uda; : Geonet r y) are located in the sub-graph
We have implemented three simple example applipf the child computation whereas the particle geom-
cations in order to show the feasibility of our frame- etry (Cuda: : Geonet ry) is attached to its parent
work. Each example utilizes one of the tree structomputation. In each frame the particles are moved
tures discussed in Sec. 3.1. towards a specific direction and are reseeded when
they leave the box.

5.1 Ray Tracing

Fig. 6 shows a ray tracing example which utilizes
the atomic graph structure of Fig. 2 (A). Three
sphere geometries of which each has a different
level of detail are located in the subtree of the com-
putation node launching a ray tracing program. The
left spheres are accepted as inputs for the com-
putation. Whereas the last sphere node is not
labeled and is omitted by the ray tracing mod-
ule but is rendered using the raster-based graphics
pipeline. The ray traced results are written into

aCuda: : Text ur e resource which afterwards iS rigure 7: The particle simulation example. The

b_Iended with the rendered image containing theycape graph is composed of two hierachically or-
rightmost sphere.

ganized computation nodes. The computation of
the particle movement and the update of the seed
points are consecutive operations described by the
graph shown in Fig. 2 (B).

5.3 Image Processing

The graph of Fig. 2 (C) employs two independent
computation nodes to realize the scene shown in
Fig. 8. Each node performs a different operation on
the same input resource of typada: : Text ure

Figure 6: Ray Tracing Example. The scene is renwhich is added to both subgraphs. The result of
dered in two steps. The two spheres on the left ar82ch CUDA program is written into an output tex-
ray traced while the last one is rendered using théure Cuda: : Text ur e) of which each is also lo-

similar to Fig. 2 (A) ate their own computation context which share the

same memory space.
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Figure 8: Two textures, each of which is generated [7]
by a CUDA program and projected onto a quad.

6

Future Work

With regard to future work we would like to im-
prove the resource identification which currently in-
duces arather hard-link between computation nodes
and resources. Furthermore, we will extend our im-
plementation to support distributed rendering and 9]
computations across several rendering nodes in a
cluster.
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