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Our approach Motivation 

• The modern GPUs coupled with the programming 
environments like NVIDIA’s CUDA have seen an 
enormous amount of growth in terms of computational 
power and have become popular platforms for parallel 
computing. 

• However, these developments pose some difficulties 
for users, including the following: 
• They need to know if the new architecture would be 

suitable for their application i.e., they need to 
predict the performance of their application on 
these new architectures. 

• They need to choose an optimal configuration from 
an extremely large configuration space. 

• One typically wants to learn these with minimal effort 
so that the workload on the programmers is reduced. 

 

Current Approaches  

• Ryoo et.al [1] derive metrics from static code that 
capture various factors influencing performance. 
These metrics are then used to prune the configuration 
space down to those that lie on a pareto-optimal curve. 
However, this does not consider memory bound 
kernels. 

• The authors of [2] propose a performance prediction 
model for the CUDA GPGPU platform that 
encompasses the various facets of GPU architecture 
like scheduling, memory hierarchy, etc. However, their 
model does not consider intra-block synchronization 
calls and atomic operations. 

• The authors of [3] propose a automated GPU 
performance exploration framework that uses stepwise 
regression modeling. The result is an application 
specific model. 

 
  

• Let the time taken be T(C), where C is the configuration space. In our case, 
this refers to various number of threads per block of a CUDA kernel.  

• We assume that T(C) is a linear combination of some basis functions for 
different values of C from a finite set    Ḉ = { c1, c2, …, cn}. 

• We will use a model reduction technique (like PCA) to figure out the basis 
functions (βi). For each basis function we create a vector with its ith 
component being the value of the function for ci number of threads per 
block. 

• We express the time taken in terms of a small number (k) of basis vectors. 
i.e. T = ∑k

i=1 xi βi 
• T is a vector whose ith component gives T(ci). 
 

Fig 2: Prediction of speedup on 400, 625, and 900 threads/block with 7 basis vectors. (a) Hotspot (b) NW (a) (b) 

To illustrate our idea we timed the 
following benchmarks on Kepler 
K20: matmul, transpose from 
CUDA-SDK, and bfs, lud, hotspot, 
nw, pathfinder, and sradv from 
RODINIA.  

Fig 1: Singular values for the benchmark data 
plotted in a logarithmic scale  

We have transformed the timings to speedups in order to normalize the data from different runs. Our prediction process actually predicts the 
speedup, from which the timing can be easily obtained. Fig. 1 shows that much of the data is accounted in the first 7 singular vectors. Hence we 
predict using these seven singular vectors. Note that in fig. 2a, the speedup increases upto 324 and a slight drop in speedup at 400 and after 625, 
which our model predicts accurately. Moreover, interpolation would not be able to give such a prediction. 
 

Fig: Our method depicted pictorially 

Conclusions 

• We have developed a performance model 
on GPUs that uses a dimensionality 
reduction technique and parameter 
estimation on the data collected from the 
standardized benchmark suite.  

• The key idea is to use the performance 
numbers obtained from running the 
application of interest for a few 
configurations and predict for a larger 
number of configurations. 

• In the future, we intend to show that our 
model predicts accurately for many more 
applications. 
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