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GPUs are found in both mobile platforms (e.g., 
phones), and in desktop computers 
!The goals for mobile and desktop (or server) GPUs 
are similar, but lag. E.g., in the next year or two, GPU 
manufactures hope to be able to produce live 
animation (think Avitar) on a desktop GPU, and in five 
or six years they want to be able to do the same 
animation on a mobile GPU.



NVIDIA Tegra 4 (CPU+GPU) vs.  
NVIDIA GTX 780 GPU

Even though the 
Tegra 4 has 
much different 
specs, by some 
measures it 
outperforms the 
GTX 780!

  Tegra 4 GTX 780

Processor  

CPU Cores 4 + 1 N/A

CPU Architecture ARM Cortex-A15 N/A

Max Clock Speed 1.9 GHz CPU/ 672MHz GPU 900MHz GPU

GPU  

Custom GPU Cores 72 2304

Computational Photography Yes No

GFlops 74.8 3977

Memory  

Memory Bandwidth 14.9 GB/s 288.4 GB/s

Memory Size 4 GB 3GB

Display  

HDMI 4K (UltraHD) 4K (UltraHD)

Die  

Process 28 nm 28 nm

Size 80mm 561mm

Transistors ? 7.1 Billion

Power 1.5W 250W

GFLOPS/W 50 16



The GPU -vs- CPU debate

When GPUs gained compute capability (via CUDA/
OpenCL, etc.) around 2008, there was a lot of press 
regarding the “100x speedup!” that GPUs could 
provide over CPUs. 
!

Some engineers at Intel decided to do a bit of a deep-
dive comparison to see whether this was really the 
case. 
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The comparison was between a quad-core Intel i7 
and a previous generation (!) NVIDIA Tesla GTX 280 
GPU. Both were purchased in 2009. 
!

Although accused of being biased, the Intel paper did 
make waves, and argued that there was a much, 
much less speedup advantage (around 2x-3x) when 
all factors were taken into consideration.
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The Roofline model: http://crd.lbl.gov/assets/
pubs_presos/parlab08-roofline-talk.pdf
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Compute Bound -vs- Memory Bound 
!

Compute-bound: there are a large number of 
computations per data element. I.e., memory is not the 
bottleneck. 
!

Memory-bound: there are many data elements per 
computation. I.e., memory is the bottleneck (we would 
like more computation!). 
!



Atomicity 
If a number of operations all want to read from and 
write to the same memory location (possibly common 
in a GPU algorithm!) there are “data races” which can 
corrupt the result of your algorithm. 
!

The algorithm needs to serialize the operations in order 
to ensure that it calculates the correct answer. 
See: https://www.udacity.com/course/viewer#!/c-
cs344/l-77202674/m-80064551 
See: http://on-demand.gputechconf.com/gtc/2013/
presentations/S3101-Atomic-Memory-Operations.pdf 
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Reasons for differences: 
!
Memory bandwidth 
!
Compute bandwidth 
!
Cache benefits 
!
Gather-Scatter 
!
Synchronization



The successor to the GTX 280 (the GTX 480, or “Fermi”) actually 
addressed many of the issues brought up in the paper! 
!
Faster double-precision floating point 
!
Atomic Operations 
!
Cache 



Another issue brought up by critics: 
!
The intel engineers did not comment on how much effort they 
had to put in to optimize the benchmarks for the i7 vs the GTX 
280. I.e., programmer effort is an important metric! 
!
In the end, Intel was successful in showing that claims of 100x 
speedup were exaggerated. But, they still admitted to speedups of, 
on average 2x to 3x. Still not bad for comparably priced hardware!


