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Document Overview 
 
From a program structure perspective, leveraging GPUs requires that every feature in FRED have two 
versions of itself in the source code base; one version written specifically for CPUs and one version 
written specifically for GPUs.  When a request to use the GPUs is made, the FRED model on the CPU is 
passed through a translator that maps each FRED feature into its equivalent GPU version.   
 

 
The FRED model on the CPU is mapped to its equivalent code on the GPUs through a model translation step 

 

FRED model 
(CPU code)

CPU to GPU 
translation

FRED model 
(GPU code)
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A consequence of this structure is that every FRED feature needing support on the GPUs must be 
rewritten from scratch in specialized GPU code. 
 
Photon Engineering will continue to develop as much feature support for the GPUs as possible.  For a 
given FREDMPC version, however, not all FRED features will have GPU counterparts implemented.  It is 
the intention of this document to describe which FRED features have GPU support, which features are 
approximated on the GPUs, and which features are currently unsupported.  When comparing CPU and 
GPU analysis results, or generally diagnosing any GPU raytrace calculations, identification of supported 
features using this document is important.  
 
 

Numerical Precision 
 
All GPU computations are single precision. 
 
 

Raytrace Modes 
 
There are three raytrace modes available in FREDMPC that leverage the GPUs, which will be referred to in 
this document as: Trace CPU Rays, Trace GPU Rays and Trace Render.   
 
What are the different modes and how do they work? 
 

Trace CPU Rays  
 
In this mode of operation, rays are generated by the source definitions on the CPU, sent to the 
GPUs for raytracing, and then brought back to the FRED document for further analyses on the 
CPU.  Only the raytrace and detector entity analyses (if properly configured) are accelerated by 
the GPU. 
 
The Trace CPU Rays mode uses the following sequence: 
 

a. User generates rays in FRED on the CPUs.  This can be done using Raytrace > Create 
All Source Rays in the GUI, or an equivalent method from the scripting language, or even 
by reading rays from a file into the ray buffer. 

b. A Trace CPU Rays request is made, which copies the rays from the CPU ray buffer to the 
GPU ray buffer. 

c. The GPU performs the raytrace and detector entity analyses (if configured). 
d. The rays in the GPU raybuffer are copied back into the CPU raybuffer. 

 
At the end of this sequence, the rays exist in FRED’s CPU ray buffer and can be operated on in 
the usual manner.  When using this mode, the following rules apply: 
 

• The rays are moved between the CPU and GPU in chunks and each chunk follows the 
sequence of events described above.  The size of the chunks is specifiable by the user 
through the GPU buffer size.  By default, 220 rays will be processed at a time. 

• The raytrace is non-sequential. 

• Detector Entities and Directional Analysis Entities can generate Analysis Results Nodes 
(ARNs) automatically. 

 
 

Trace GPU Rays  
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This mode of operation performs ray generation and raytracing entirely on the GPUs.  At no point 
are the rays ever present on the CPU.  Analysis results of the raytrace are communicated 
between the GPUs and the CPU via Analysis Results Nodes. 
 
The Trace GPU Rays mode uses the following sequence: 
 

a. A Trace GPU Rays request is made. 
b. If a source definition is supported, the GPUs generate the rays in their own ray buffer. 
c. The GPUs perform the raytrace. 
d. Supported and properly configured Detector Entities and Directional Analysis Entities will 

generate Analysis Results Nodes. 
 
In this mode, the rays are always contained in the GPU ray buffer and are never accessible within 
FRED on the CPU.  The result of the raytrace is conveyed through the use of Detector Entities 
and Directional Analysis Entities that generate Analysis Results Nodes (ARNs). The ARNs are 
available to the user at the conclusion of the GPU raytrace.  When operating in this mode, the 
following rules apply: 
 

• No rays are transferred between the GPUs and CPU ray buffer 

• The raytrace is non-sequential 

• Supported and properly configured Detector Entities and Directional Analysis Entities will 
automatically generate Analysis Results in the FRED document. 

• By default, random number seeding is determined by your FRED Preference settings 

• User-specified random number seeds can be provided in the GPU Trace Advanced 
controls 

 
Trace Render 

 
The Trace Render mode generates a bitmap image of the system as it is represented on the 
GPUs.  The raytrace is not radiometric, since only visualization is important.  When operating in 
this mode, the following rules apply: 
 

• The orientation of the rendered model duplicates that of the FRED 3D view 

• Rendering of the model does not consider optical properties of surfaces.  Only the 
visualization attributes of a ray projected through the model is necessary for rendering. 

 
Which raytrace mode should you use? 
 

Trace CPU Rays 
 
Advantages 
 

1. Ray generation is not constrained by supported source features on the GPUs.  The full 
flexibility of FRED’s sources can be used in the usual manner as long as the ray data 
property is supported by the GPUs (see Rays for more information). 

2. The ray data is available to the user both before and after the GPU raytrace is performed.  
Additional analyses or ray modifications can be performed at these times. 

 
Disadvantages 
 

1. There is a finite amount of time required to transfer ray data between the CPU and GPU 
ray buffers that will not be incurred when using the Trace GPU Rays mode. 

2. Ray generation on the CPUs will be slower than ray generation on the GPUs. 
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Trace GPU Rays 
 
Advantages 
 

1. Ray generation on the GPUs is extremely fast compared to CPU ray generation.  When 
raytracing very large raysets, it may be advantageous to also generate the rays on the 
GPUs. 

 
Disadvantages 
 

1. At no point do rays exist in FRED on the CPUs.  The user is not able to access the ray 
data directly and results are only communicated via analysis results nodes generated by 
the GPU raytrace. 

 
In general, the Trace CPU Rays provides the most flexibility in terms of source representations 
and ray data access without losing the performance of the GPU raytrace. 
 
When a source can be fully represented on the GPUs (see Sources section for more information), 
and Detector Entities or Directional Analysis Entities can be used to perform the analysis, the 
Trace GPU Rays mode will be the fastest option. 
 
The Trace Render mode is purely for visualization purposes and can be useful for generating 
high quality graphics or for debugging a system that has been pushed to the GPUs.  As a 
troubleshooting tool, the Trace Render image may indicate where the GPU version of the model 
contains a problem (ex. aperture obstruction, missing element, etc.). 

 
 
 

Sources 
 
There are three raytrace modes of operation for performing a raytrace using the GPUs, described in the 
Raytrace Modes section of this document.  The information in this section is only relevant when the Trace 
GPU Rays mode is used.  When using Trace CPU Rays mode, source features are only restricted by the 
supported attributes of the ray data on the GPUs (see the Rays section of this document for more 
information). 

When the Trace GPU Rays mode is used, the source definition is loaded into the GPUs and the GPUs 
are then used to generate and trace the rays.  For this to execute properly, the attributes of the source 
definition need to be supported by the GPU implementation.  If an attribute of the source is unsupported, 
no rays will be generated or traced by the GPUs. 

The table below itemizes source attribute support for the GPUs. 

Source Attribute Supported Unsupported 

Ray Position / Ray Direction combinations 

Random Plane / Random Direction into an angular range ✓  

Random Plane / Single Direction ✓  

Random Volume / Random directions into a sphere ✓  
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Source Attribute Supported Unsupported 

All other combinations  ✓ 

Wavelengths / Spectrum 

As specified by list ✓(1)  

Randomly according to spectrum  ✓ 

Evenly spaced, weighted according to spectrum  ✓ 

Immersion Material ✓(2)  

Power ✓  

Power Units  ✓(3) 

Traceable / Never Traceable Flags ✓  

Additional Phase to Add to the Source ✓  

Post-creation Ray Propagation Specification ✓  

Position Apodization (all types)  ✓ 

Direction Apodization (all types)  ✓ 

Coherence (all attributes)  ✓ 

Polarization (all attributes)  ✓(4) 

Acceptance Filter (all attributes)  ✓ 

 

1. Only the active wavelengths in the list will be used by the GPUs.  This also affects the 

representation of sampled materials on the GPUs, whose refractive index values are evaluated 

at the active wavelengths for each source that uses the “As specified by list” wavelengths 

option. 

2. Refer to the Materials section of this document for details on how each material type is 

represented by the GPUs. 

3. Power units will always be interpreted as Watts, regardless of the actual setting in the source.  

If, for example, a source designated 50 Lumens, the GPUs would generate rays having 50 

Watts worth of total power.  The rays will be properly traced, but the radiometry will be incorrect 

for a 50 Lumen source. 

4. Rays will still be generated if the position/direction combination is supported, but the rays will 

not have any attributes associated with polarization. 
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Rays 
 
GPU support for ray types is itemized in the table below and provides a good starting point for evaluating 
whether FREDMPC can be utilized for a given analysis. 
 

Ray Type Supported Unsupported 

Incoherent ✓  

Polarized  ✓(1) 

Coherent  ✓(2) 

 
1. Polarized rays 

a. If a source configuration is supported and has the polarization flag active, rays 
will still be generated by a Trace GPU Rays call, but the polarization 
information will be ignored (i.e. it will be treated as an unpolarized, incoherent 
source). 

b. If rays are generated in FRED and then requested to be traced on the GPUs 
by a Trace CPU Rays call, the polarization information will be ignored on the 
GPUs but then restored on the CPUs when the rays are returned to FRED.  
The polarization data of these rays is not valid and the ray data should not be 
used for polarization analysis. 

2. Coherent Rays 
a. Coherent rays will not be generated on the GPUs using the Trace GPU Rays 

raytrace mode. 
b. When using the Trace CPU Rays raytrace mode to push rays from the FRED 

ray buffer to the GPUs, the coherence attributes will be removed from the rays 
prior to GPU raytracing and then replaced on the CPUs when the rays are 
returned to FRED.  These rays will trace on the GPUs but should not be used 
for radiometric calculations. 

 
Each ray has a set of attributes (ex. position, direction, power, wavelength, etc.) that are used by various 
analyses functions.  The table below itemizes which ray attributes are supported on the GPUs. 
 

Ray Attribute Supported Unsupported 

Position vector ✓  

Direction vector ✓  

Surface normal vector at most recent intersection point ✓  

Power ✓  

Light “strength” ✓(1)  

Optical path length (OPL) ✓  
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Ray Attribute Supported Unsupported 

Entity ID (which surface the ray is on) ✓  

Total intersection count ✓  

Consecutive intersection count ✓  

Specular ancestry depth ✓  

Scatter ancestry depth ✓  

Wavelength ✓  

Ray immersion material ✓  

Ray status ✓(2)  

All other attributes  ✓(3) 

 
1. Light “strength” is an attribute that is only applicable to the Trace Render raytrace 

mode in order to generate rendered graphics. 
2. Only a limited set of the status attribute codes are supported at this time.  Supported 

status codes are: ray is halted, reason ray is halted, ray intersected, ray interacted, ray 
reflected, ray transmitted, scatter ray, specular ray, unresolvable material error, TIR 
error. 

3. It is important to note that although raytrace path data can be requested using the 
MPC Trace Advanced options, the ray attribute for path # is not updated during a GPU 
raytrace.  Consequently, there is no support for ray selection filtering based on path # 
after a GPU raytrace has been performed.  Path based analyses are limited to the 
information presented in the Raytrace Paths table and the Stray Light Report table. 
 

 

Surfaces 
 
When a surface is represented on the GPUs, the representation can either be exact or it can be an 
approximation.  For a given surface to be represented exactly, the following requirements must be met: 

• Surface Type has a GPU implementation 

• Surface is Traceable 

• No Surface Trimming Specifications are applied 

• No Advanced Dot-product Surface Trimming Specifications are applied 

• Surface is not part of a Boolean Solid element 
 
When the above conditions are not met for a given surface, the representation of that surface on the 
GPUs will be an approximation using triangle meshes (think of the *.OBJ or *.STL formats from CAD, 
here).  Meshing a surface will generally result in reduced accuracy in its representation (except, for 
example, in the case of a meshed planar surface) and can be a source of error in the GPU raytrace when 
comparing results with the CPU raytrace.   
 
When a surface is approximated by triangle meshing, the triangle patches that approximate the surface 
are pulled from two different sources and depend on the class of surface. 
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• Implicit surfaces are those that are defined by a functional form, f(x,y,z).  For example, spheres, 
conics, and cylinders are all types of Implicit surfaces. 

• Explicit surfaces are those that are defined in parametric form, f(u,v).  For example, ruled 
surfaces, extruded surfaces and NURBs are all types of Explicit surfaces. 

 
For triangle meshing approximations: 
 

• Implicit surfaces use an internal algorithm whose control parameters are not accessible to the 
end-user.  The user has no ability to access controls that would improve the mesh quality. 

• Explicit surfaces use the triangle patches from FRED’s 3D viewer.  Increasing the tessellation 
using FRED’s Visualization Attributes dialog will result in a higher quality approximation of the 
surface on the GPUs. 
 
 

The table below indicates which surface types have exact GPU implementations and which use the 
triangle mesh approximation. 
 

Surface Types GPU 
Implementation 

Approximation 

Plane ✓  

Conic ✓  

Conic Foci ✓  

Cylinder (also known as, “Tube”) ✓(1)  

General Asphere ✓  

Standard Asphere ✓  

XY Polynomial Asphere ✓  

Qbfs Surface ✓  

Qcon Surface ✓  

Toroidal Asphere ✓  

XY Toroidal Asphere ✓  

Zernike Surface ✓  

Triangle surf (faceted surfaces) ✓  

All others  ✓(2) 

 
1. The Cylinder surface type will only be fully supported when the semi-apertures of the 

Front End and Back End are identical (i.e. the cylinder wall is constant along the Z 
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axis).  If the Cylinder wall is sloped, then the surface is approximated on the GPUs as 
a triangle mesh representation. 

2. Surface types not specifically identified in the above table will be approximated on the 
GPUs as a triangle mesh. 

 

Surface Attributes 
 
Each surface in a FRED model has a set of attributes that describe the properties of the geometry 
representation.  These attributes can be physical properties, FRED specific properties needed for 
raytracing, or visualization properties needed for rendering. 
 
The table below indicates whether a given surface property is supported, partially supported, or ignored 
by the GPUs. 
 
A supported property does not mean the implementation on the GPU is identical to the native 
implementation in FRED for CPU raytracing.  Please refer to the associated section of this document for 
each supported or partially supported attribute for additional information.  
 
 

Surface Attributes Supported Unsupported 

Traceable flag ✓  

Never traceable flag ✓  

Trimming volume 
(all shapes, outer boundary and inner hole) 

✓ 
 

Materials ✓  

Raytrace Properties ✓  

Visualization ✓  

Importance Sampling ✓  

Dot product trimming ✓(1)  

Surface trimming ✓(2)  

Glue  ✓ 

Grating  ✓ 

Auxiliary data  ✓ 

Sag deform  ✓ 

Ray path entity designation  ✓ 
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1. If a surface has Advanced Dot-product Surface Trimming Specifications 
applied, the surface is converted to an approximation using triangle meshing. 

2. If a surface has Surface Trimming Specifications applied, the surface is 
converted to an approximation using triangle meshing. 

 
 

Materials 
 
The table below itemizes how specific material types are handled by the GPUs.   
 

Material Type Supported Unsupported 

Sampled Material ✓(1)  

All others  ✓(2) 

 
1. The real and imaginary refractive index values are computed for all active 

wavelengths of all sources. 
2. All unsupported material types are automatically converted to sampled 

materials.  The real and imaginary refractive index values are computed for 
all active wavelengths of all sources at normal incidence. 

 
The table below itemizes how specific material attributes are handled by the GPUs. 
 

Material Attribute Supported Unsupported 

GRIN attributes (step size, offsets, etc.)  ✓ 

OPL group velocity  ✓ 

Absorption / Internal Transmission ✓  

Volume scatter  ✓ 

Angular dependence  ✓ 

Spatial dependence  ✓ 

Polarization dependence  ✓ 

 
 

Coatings 
 
 
The table below itemizes how specific coating types are handled by the GPUs.  Coatings on the GPUs 
will have no transmitted or reflected phase coefficients, spatial dependence, or polarization dependence.  
The transmission and reflection power coefficients will be computed as the average of S and P 
polarizations. 
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Coating Type Supported Unsupported 

Sampled Coating ✓(1)  

General Sampled Coating ✓(2)  

Uncoated (bare substrate) ✓  

Scripted Coating  ✓(3) 

Thin Film and Quarter Wave Coating ✓  

Polarizer/Waveplate (Jones Matrix)  ✓(4) 

 
1. The phase terms in reflection and transmission are ignored. 
2. Simple table lookup (nearest value) with no angle interpolation.  

Transmittance and Reflectance are the average of the S and P components. 
3. Approximated as a General Sampled coating type with incident material Air 

and substrate material Simple Glass.  The coating will be sampled at 8 angles 
between 0 and 0.9999 in direction cosine space for each active wavelength of 
all active sources. 

4. Will transmit 100% for all polarization states.  
 

Scatter Models 
 
The table below itemizes support for scatter models on the GPUs.  The following behaviors apply 
regarding scatter models on the GPUs: 
 

• If a scatter model is unsupported, it will be ignored by the GPUs. 

• A table of total integrated scatter (TIS) values is pre-calculated at 7 angles of incidence as part of 
the scatter model representation and then interpolated during the GPU raytrace. 

 
 

Scatter Model Type Supported Unsupported 

Lambertian ✓  

Harvey-Shack ✓  

Mie ✓  

Diffuse Binomial ✓  

Diffuse Polynomial ✓  

Black Paint ✓  

All others  ✓(1) 
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1. Unsupported scatter model types are ignored by the GPUs. 
 
Each scatter model definition contains additional attributes that further describe the scattering behavior.  
These attributes appear in the FRED GUI as “Additional Data” at the bottom of a scatter model’s dialog or 
as part of the definition for a user-scripted scatter model.  The table below itemizes the GPU support for 
these additional attributes. 
 
 

Scatter Model Attribute Supported Unsupported 

Apply on transmission ✓  

Apply on reflection ✓  

Halt incident ray ✓  

Wavelength dependence  ✓ 

Spatial variation  ✓ 

 
 
 

Importance Sampling 
 
A surface with an active scatter model must have at least one active importance sample (or “Scatter 
Directions Regions of Interest”, as it appears in FRED’s GUI) in order for scattered rays to be generated 
by the surface.  Although importance samples do not affect the radiometry of the scattered rays 
themselves, it affects the statistical sampling of a given direction by the scattered rays and, ultimately, the 
ray statistics at the analysis plane(s). 
 
The table below itemizes importance sample support for the GPUs.  
 

Importance Sample Type Supported Unsupported 

Full Hemisphere ✓(1)  

Toward an ellipsoidal volume ✓(2)  

Into the specular direction ✓  

Into a given direction ✓  

Toward a point ✓  

Through a closed curve ✓  

Toward an entity ✓  
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1. The “Full Hemisphere” is a specific instance of the “Into a given direction” 
importance sample type, where the semi-angle is set to 90o about the local 
surface normal at the scattering position. 

2. The GPU implementation of the ellipsoidal volume importance sample type is 
not identical to the CPU implementation.  In the GPU implementation, the 
importance sample is defined by a rectangle that circumscribes the projection 
of the ellipsoidal volume as seen from the scattering point.  This approach is 
taken because it is faster to implement on the GPUs than the strict ellipsoidal 
interpretation of the CPUs.  The radiometry will be correct in both the GPU 
and CPU implementations. 

 
Each importance sample specification has an additional set of attributes (seen in the FRED GUI as “Other 
Data”) that are used to further optimize the efficiency of an importance sample.  The table below itemizes 
the GPU support for these attributes. 
 

Importance Sample Attribute Supported Unsupported 

Active flag ✓  

Direction type ✓(1)  

Reverse ray directions ✓  

Number of scatter rays ✓(2)  

Solid angle scale factor  ✓ 

Solid angle fractional hole  ✓ 

Scatter ancestry criteria  ✓ 

Scatter ancestry value  ✓ 

 
1. The direction type flag will be forced to use the Monte-Carlo option on the 

GPUs when the scattering surface’s raytrace property has Monte-Carlo set 
as the parent ray specifier.  In all other cases, the requested direction type 
will be used.  This option generates statistically more scattered rays where 
the BSDF values are highest. 

2. When the scattering surface’s raytrace property has Monte-Carlo set as the 
parent ray specifier, the number of scatter rays will be forced to 1 during the 
GPU raytrace.  In all other cases, the requested number of scatter rays will 
be used (up to a maximum of 10 rays). 

 
 
 

Raytrace Properties 
 
The table below itemizes how specific attributes of a raytrace property are handled by the GPUs. 
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Raytrace Property Attribute Supported Unsupported 

Total intersection count cutoff ✓  

Consecutive intersection count cutoff ✓  

Specular ancestry level cutoff ✓  

Scatter ancestry level cutoff ✓  

Specular+Scatter ancestry level cutoff ✓  

Allow specular reflected ray ✓  

Allow specular transmitted ray ✓  

Allow TIR ✓  

Allow scatter reflected ray ✓  

Allow scatter transmitted ray ✓  

Allow absorbed ray  ✓ 

Relative power cutoff in specular reflection ✓  

Relative power cutoff in specular transmission ✓  

Relative power cutoff in scatter reflection ✓  

Relative power cutoff in scatter transmission ✓  

Relative power cutoff in absorbed rays  ✓ 

Absolute power cutoff in specular reflection ✓  

Absolute power cutoff in specular transmission ✓  

Absolute power cutoff in scatter reflection ✓  

Absolute power cutoff in scatter transmission ✓  

Absolute power cutoff in absorbed rays  ✓ 

Parent ray specifier ✓(1)  

 
1) Parent ray specification and ray splitting 

a) When using a parent ray specifier other than Monte-Carlo, care must be taken to 
properly configure the GPU buffer to ensure that an appropriate amount of 
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resource is reserved for ray generation.  In particular, the GPU memory stack size 
will need to be increased in proportion to the total (specular + scatter) ancestry 
level(s) being requested.  As a rule of thumb, allocate 2500 bytes per desired 
ancestry level.  The GPU memory stack allocation is specified using the MPC 
Trace Advanced dialog. 

b) When using a parent ray specifier other than Monte-Carlo in combination with the 
Trace CPU Rays mode, only the parent rays will be returned to the CPU ray 
buffer.  This limits the available post-trace analyses of ray data when ray splitting 
is active during the GPU raytrace. 

 

Detector Entities 
 
If a properly configured and supported Detector Entity (DE) type is present in the model, it can be used by 
the GPU raytrace to generate Analysis Results Nodes (ARNs). The table below itemizes the support for 
specific Detector Entity types on the GPUs.  Any DE with an unsupported type or unsupported parameter 
is ignored by the GPUs. 
 

Detector Entity Type Supported Unsupported 

Plane ✓  

Cylinder ✓  

Sphere ✓  

Cone ✓  

3D Box  ✓ 

 
 
Each detector entity uses a set of parameters that define its size, pixel resolutions, the type of calculation, 
etc.  The table below itemizes the GPU support for each parameter. 
 
 

Detector Entity Parameters Supported Unsupported 

Spatial dimensions ✓  

Resolution ✓  

Calculation 

Irradiance ✓  

Color Image  ✓ 

Illuminance  ✓(1) 

Calculation Timing 
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Detector Entity Parameters Supported Unsupported 

During trace ✓  

At trace end ✓  

On request  ✓ 

Sidedness ✓  

Absorb ray flag ✓  

Ray filters ✓(2)  

 
1. Detector entities with the “Illuminance” analysis configured will not perform the 

requested analysis, but will halt rays on the GPU if the “Absorb rays” flag is set to 
True. 

2. Ray filters 
a. On the GPUs, ray filter criteria on the DE are only applied when the Calculation 

Timing is set to the “At trace end” mode.  In “During Trace” mode, ray filters are 
ignored and all rays intercepting the DE will be included in the result. 

b. In Monte-Carlo mode, all rays will be accessible for ray filter processing at the 
end of the raytrace. 

c. In ray splitting mode, only the “parent” rays will be available for ray filter 
processing at the end of the raytrace.  This means, for example, that when 
tracing on the GPUs in ray-splitting mode it may not be possible to isolate “child” 
scattered rays using ray filters.  It is not recommended that ray filters be used 
in ray splitting mode. 

d. In the context of Detector Entities, ray filters are criteria that are applied in 
addition to the base requirement that rays have intersected the DE.  If, for 
example, the ray filter of a DE in the model is “Scattered rays”, the expectation is 
that only scattered rays intersecting the DE contribute to the resulting analysis. 

e. Ray filters operate on attributes associated with each ray.  Ray attributes are 
tested and associated with rays using the following rules for GPU raytracing 
modes: 
 
Trace CPU Rays mode 

i. The ray is created on the CPU ray buffer and initialized with all ray attributes 
ii. The ray is copied to the GPU ray for tracing 
iii. The ray is traced on the GPU 
iv. The ray is copied from the GPU back into its original ray in the CPU ray buffer 
v. Any CPU ray attribute unsupported by the GPU is unchanged from its initial value 
vi. Consequently, any filter operation using attributes unsupported by the GPU will 

test on the original unchanged CPU ray data 
 

Trace GPU Rays mode 
i. The ray is created on the GPU with attributes supported on the GPU 
ii. The ray is traced on the GPU 
iii. The ray is copied from the GPU into a temporary default CPU ray 
iv. Consequently, any filter operation using attributes unsupported by the GPU will 

test on the settings for a default ray 
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Surface Roughness 
 
Surface Roughness is not supported on the GPUs.  If a Surface Roughness attribute is assigned to a 
surface in the FRED model, it will be ignored when translated to the GPUs. 
 
 

Analysis Results 
 
Analysis Results may be generated by the GPUs if a properly configured detector entity is active in the 
model (see Detector Entities).  If a properly configured Detector Entity is present in the GPU raytrace, the 
Analysis Results Nodes will be added to the FRED document object tree at the conclusion of the GPU 
raytrace. 
 
 

Analysis Surfaces 
 
Analysis Surfaces are unsupported and ignored by the GPUs.  Plane type Detector Entities should be 
used in place of Analysis Surfaces when raytracing on the GPUs. 
 
 

Directional Analysis Entities 
 
Directional Analysis Entities (DAEs) will auto-generate an Analysis Results Node (ARN) at the conclusion 
of a GPU raytrace.  The ray selection criteria of a DAE is applied at the conclusion of the raytrace, such 
that the timing of the calculation is equivalent to the “At Trace End” mode of a detector entity construct.  
Please refer to the Detector Entities section of this document for a complete description of ray selection 
criteria on the GPUs. 
 
 

Spectra 
 
All Spectra types are unsupported and ignored.  A source whose wavelength specification is “Randomly 
according to spectrum” will not be able to generate rays on the GPUs using the Trace GPU Rays raytrace 
mode.  In this situation, the rays will need to be generated in FRED on the CPUs and then pushed and 
traced on the GPUs using the Trace CPU Rays mode.  However, because refractive index values are pre-
computed when the document is loaded into the GPUs, this may give incorrect results when refractive 
elements are included in the model.  
 
 

Keywords 
 
Keywords are unsupported and ignored.  The utility of keywords is in model construction and model 
management.  As such, keywords have no value to the GPUs for the purposes of raytracing. 
 
 

Scripting 
 
Scripted elements (ex. materials, surfaces, scatter, etc.) are unsupported on the GPUs.  Refer to the 
corresponding section of this document for more information regarding how scripted elements become 
approximated on the GPUs. 
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Scripts that modify a FRED document (including pre/post update scripts) should be executed prior to 
sending the document to the GPUs. 
 
The following script commands are used to support MPC raytracing: 
 

Command  

err = MPCRaytrace( mode )  This function performs a Trace CPU Rays, Trace GPU Rays, 
or Trace Render, depending on the argument supplied. 

Parameter Data type Description 

err Huge_ Returned error code (0 = no error). 
 

mode String Determines whether the raytrace uses the Trace CPU Rays, Trace 
GPU Rays, or Trace Render mode.  Options are: 
 

“CPU” Deletes any existing rays in the CPU ray buffer, 
generates new rays from all traceable sources, 
performs a GPU raytrace. 

“Exist” If rays exist in the CPU ray buffer, a GPU 
raytrace is performed with the existing rays.  If 
no rays exist in the CPU ray buffer, the rays 
from all traceable sources are generated and 
then raytraced on the GPU. 

“GPU” Rays from supported source definitions are 
generated and raytraced entirely on the GPU. 

“Render” Performs a raytrace render of the current 3D 
view. 

  

  

err = MPCAdvancedRaytrace( tMPC ) This function performs an MPC Trace Advanced call, using a 
T_MPCADVANCEDRAYTRACE structure to configure the 
options. 

Parameter Data type Description 

err Huge_ Returned error code (0 = no error). 
 

tMPC T_MPCADVANCEDRAYTRACE Configures the options used during the MPC Trace 
Advanced call. 
 

  

MPCInitAdvancedRaytrace( tMPC ) This subroutine initializes the members of a 
T_MPCADVANCEDRAYTRACE data structure 

Parameter Data type Description 

tMPC T_MPCADVANCEDRAYTRACE Data structure whose members are being initialized. 
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Command  

Member variables and description of the T_MPCADVANCEDRAYTRACE data structure. 
 

Member Data type Description 

action String Determines whether the raytrace uses the Trace 
CPU Rays, Trace GPU Rays, or Trace Render 
mode.  Options are: 
 

“CPU” Deletes any existing rays in the 
CPU ray buffer, generates new 
rays from all traceable sources, 
performs a GPU raytrace. 

“Exist” If rays exist in the CPU ray buffer, 
a GPU raytrace is performed with 
the existing rays.  If no rays exist 
in the CPU ray buffer, the rays 
from all traceable sources are 
generated and then raytraced on 
the GPU. 

“GPU” Rays from supported source 
definitions are generated and 
raytraced entirely on the GPU. 

“Render” Performs a raytrace render of the 
current 3D view. 

  
Default = “GPU” 
 

log Boolean When True, MPC activity will be logged to a text 
output file. 
 
Default = Last usage state.  False if first usage.  
 

logfile String Full file path location to the MPC logfile. 
 
Default = “C:\temp\mpc_log.txt”, or last usage state. 
 

maxEventsPerPath Long When accumulating raytrace path data, paths with 
total event counts larger than this value will not be 
tracked.  “Overflow” paths, with total event counts 
larger than this value, will not be available for 
processing in the Raytrace Paths table or Stray Light 
Report. 
 
Default = Last usage state.  10 events if first usage. 
 

memStackSize Long Memory stack size in bytes, which controls the 
maximum total (specular + scatter) ancestry depth 
allowed during the GPU raytrace.  As a rule of thumb, 
allocate 2500 bytes per desired ancestry level. 
 
Default = Last usage state.  8192 bytes if first usage. 
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Command  

randomNumberSeed Huge_ User-specified random number seed to be used by 
the GPU.  Only applies when the 
randomNumberSeedGeneration member is “User”. 
 
Default = User-supplied value 
 

randomNumberSeedGeneration String Specifies random number seed generation on the 
GPU.  Options are: 
 

“User” Value of randomNumberSeed will 
be supplied by the user manually. 

“Auto” A new random number seed will 
be generated automatically for 
each raytrace. 

“Preference” Defers to the random number 
seed preference found on the 
Miscellaneous tab of the 
Preferences dialog.  If the option 
is checked, random number 
seeding behaves the same as 
“Auto”.  If the preference is 
unchecked, a random number 
seed value of 0 is used for each 
raytrace. 

 
Default = “Preference” 
 

rayBufSize Long Maximum number of rays simultaneously stored in 
the GPU ray buffer. 
 
Default = Last usage state.  220 rays if first usage. 
 

rayPaths Boolean When True, raytrace paths will be tracked on the 
GPU as long as the raytrace properties of the model 
use the Monte-Carlo mode.  If ray-splitting is allowed 
by the raytrace properties, raytrace paths will not be 
tracked regardless of this setting. 
 
Default = Last usage state.  False if first usage. 
 

reinitialize Boolean Optional override that forces the GPU to be re-
initialized prior to performing any requested actions.  
Under normal operation, this option should never 
need to be applied. 
 
Default = False 
 

reloadDoc Boolean Optional override that forces the FRED document to 
be reloaded into the GPU prior to performing any 
raytracing. Under normal operation, this option 
should never need to be applied. 
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Command  

 
Default = False 
 

renderFile String Full file path specification of the rendered bitmap 
image file generated when action = “render”. 
 
Default = “C:\temp\mpc_render.bmp”, or last usage 
state. 
 

  

 
 

Non-surface Geometry Nodes 
 
During the raytrace, rays intersect surfaces.  However, non-surface nodes in the Geometry hierarchy may 
act to augment the properties of the surface representations.  Curves, for example, can be used in FRED 
to construct surfaces or to define custom apertures on surfaces.  Or, the location of a surface may 
depend upon the location of a Custom Element above it on the tree. 
 
The table below itemizes non-surface geometry node support for the GPUs. 
 

Non-surface Geometry Type Supported Unsupported 

Custom Element ✓  

Subassembly ✓  

Curves (all types)  ✓ 

Arrays  ✓ 

Element Composite (Boolean)  ✓(1) 

 
1. Surfaces which are part of an Element Composite structure will be automatically 

converted to an approximate triangle mesh representation on the GPUs. 
 
 

Distributed Computing 
 
GPU raytracing is allowed on remote nodes when using FRED’s Distributed Computing capability. 
 
 

Raytrace Paths 
 
Raytrace Paths can be tracked on the GPUs when the model uses the Monte-Carlo parent ray specifier 
on the applicable raytrace property definitions.  Raytrace Paths will not be tracked when ray splitting 
occurs on the GPUs. 
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A user-supplied maximum total event count for path tracking must be supplied to the GPU prior to 
raytracing.  This option is found on the MPC Trace Advanced dialog in the GUI.  Only paths with total 
event counts less than or equal to this user-supplied value (default = 10 events) will be available for 
review in the Raytrace Paths table or Stray Light Report at the conclusion of a GPU raytrace. 
 
The number of raytrace paths exceeding the maximum total event count limit, as well as the total power in 
these paths, is reported in the output window at the conclusion of a GPU raytrace. 
 
There is currently no support for redrawing raytrace paths on the CPU if they have been generated by the 
GPU. 
 
There is currently no support for performing path-based analyses with rays (ex. analyzing the irradiance 
distribution for path #X). 
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