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Overview 

•  GPU vs CPU 
– Modern computer architecture in a slide 

•  MATLAB Interface 
•  Op'cs Algorithms 
•  Implementa'on 
•  Results 
•  Ques'ons 
–  Interac've demo? 
–  Code walkthrough? 



Differences: GPU and CPU 
•  Modern CPU 

–  Lots of hardware for memory latency 
minimiza'on 
•  Caches 
•  Branch predic'on 
•  Out‐of‐order execu'on 

–  Not many computa'onal resources 
•  Less than ten ALUs 
•  Supports double‐precision floa'ng point in 

hardware. 
•  Fully IEEE 754 compliant  

–  Specialized handlers for floa'ng‐point 
underflow and overflow 

–  Less analysis needed to implement stable 
algorithms 

•  Single‐Instruc'on, Mul'ple‐Data units operate 
on short vectors 

•  Core 2 Duo has 143 mm2 die in 65 nm process. 
–  291 million transistors 
–  CPU alone costs about $200 

–  Easy to program 
•  Might not get good performance though 

–  Works across a variety of applica'ons 

•  Modern GPU 
–  Lots of hardware for latency tolerance 

•  High memory bandwidth 
•  Out‐of‐order thread dispatch 
•  Bulk memory transfers 

–  Abundant computa'onal resources 
•  Hundreds of ALUs 
•  Each scalar ALUs fed is fed by a single thread of 

execu'on 
•  GTX 260 series has 576 mm2 die in 65 nm 

process!  
–  1.4 billion transistors!  
–  Cards available for $190 

–  Harder to program than a CPU 
•  Programmed with a variant of C/C++ 

–  Needs NVIDIA C/C++ compiler 
–  Specialized run'me environment 

•  Disjoint address space 
•  High performance program formula'on might 

be non‐intui've 
•  Not en'rely IEEE 754 compliant 

–  GeForce 8xxx/9xxx series do not have 
double‐precision support 

–  Traps not handled 

–  Only works well on data‐parallel problems 
•  Linear algebra 



Die Shot 



MATLAB Interface 

•  MATLAB accesses GPU 
through MEX interface 
–  MEX allows MATLAB to call 

func'ons wriien in C/C++/
FORTRAN 

•  NVIDIA compiler 
generates objects files 
which can be linked into a 
C/C++ applica'on 
–   MEX wrapper calls CUDA 

kernels for op'cs 
computa'on on the GPU. 



Op'cs Algorithms 



Implementa'on 
Shi$‐invariant and diffrac/on‐
limited op/cs 
•  Modifica'ons to op'csOTF.m 
•  FFT2 and IFFT2 performed on the GPU 

–  Using NVIDIA’s CUFFT library 

•  Images are padded with zeros. The 
image dimensions need to be both 
square and a power of two. 
–  Increases FFT precision 
–  Avoids transpose: MATLAB uses column‐

major indices while CUFFT uses row‐major 

•  Diffrac'on‐limited op'cs computes the 
OTF on the GPU 
–  Fast computa'on on the GPU 

•  Square root and arccosine are much 
faster on the GPU than the CPU   

–  Avoids copies from the CPU memory space 
to the GPU memory space 

–  Used formula presented by Subbarao.  

Ray trace op/cs 
•  Modifica'ons to rtPSFApply.m 
•  The inner loop of the ray trace algorithm is en'rely 

performed on the GPU 
•  Interpola'on and rota'on on the GPU yield the 

greatest performance boost 
–  The GPU has hardware for 2D‐texture interpola'on. 

•  Used in the rasteriza'on pipeline but accessible in 
general purpose computa'on mode 

•  Very fast though liile details available about 
accuracy 

–  MATLAB’s imrotate func'on is very slow 
•  Poorly documented too.  

–  Two different versions of rota'on were wriien for the 
GPU 
•  Point interpola'on 

–  Simple and cheap 
•  Bilinear interpola'on 

–  Memory access is not regular and significantly 
more branches required 

–  Neither rota'on kernel exactly matches imrotate 
•  MATLAB expert needed! 



Apparatus  

•  MATLAB student version used 
– 32‐bit binary 

•  ISET 3.0 



Results: PSNR (Macbeth D50) 
Shio‐invariant op'cs  Diffrac'on‐limited op'cs 

Ray trace op'cs 



Results: Shio‐invariant performance 
(basketball team) 



Error distribu'on: Shio‐invariant 
CPU vs GPU shift!invariant error distribution
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Results: Diffrac'on‐limited 
performance (basketball team) 



Error distribu'on: Diffrac'on‐limited 

CPU vs GPU diffraction!limited optics error distribution
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Diffrac'on‐limited MATLAB Profile 

CPU Profile  GPU Profile 



Results: Ray trace performance (eagle) 



Error distribu'on: Ray trace eagle 

CPU ray tracing with fast rotate
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Results: Ray trace performance 
(Memorial Church) 



Error distribu'on: Ray trace Memorial 
Church 

CPU ray tracing with fast rotate
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Conclusions 
•  GPU accelera'on can greatly accelerate op'cs simula'ons 

–  Shio‐invariant: 5x 
–  Diffrac'on‐limited: 10x 
–  Ray trace: 82x 

•  GPU ray trace op'cs calcula'on may need further tweaking for 
op'mal accuracy 
–  Beier GPU rota'on code to closely match MATLAB’s imrotate 
–  GPU hardware interpola'on may be too inaccurate 

•  Interpola'on could be done in sooware on the GPU 
–  Huge performance loss though  

•  Numeric analysis for computa'on with single‐precision arithme'c 
would be helpful in debugging image error 
–  Or just try the code on a new GPU with double‐precision support   


