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Q: When to use GPUs?
A: Determine if and what are the compute intensive 

portions of the code/program









Roofline Model
• Core parameter of Roofline model is “arithmetic intensity”

• ratio of floating point (math) operations to total data 
movement (bytes) 

• Fetch data from memory less often (share/reuse data 
across fragments

• Request data less often (instead, do more math)



Why should we care about Roofline Models
• Determine when we’re done optimizing code 
– Assess performance relative to machine capabilities 
– Track progress towards optimality
– Motivate need for algorithmic changes 

• Identify performance bottlenecks & motivate software 
optimizations 

• Understand performance differences between Architectures, 
Programming Models, implementations, etc...
– Why do some Architectures/Implementations move more data 

than others? 
– Why do some compilers outperform others? 

• Predict performance on future machines / architectures o 
Set realistic performance expectations
– Drive for Architecture-Computer Science-Applied Math Co-Design 
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What is Arithmetic Intensity?



What is bandwidth? 
• According to Little’s Law 
– effective application bandwidth is directly proportional to the number of 

outstanding memory requests and inversely proportional to memory access 
latency

• What is outstanding memory requests? 
– Properties of the application (such as the portion of memory accesses in the 

overall instruction mix and data and control dependencies) and the CPU 
(such as core count, out-of-order issue, speculative execution, branch 
prediction, and prefetching)

• Do you think 3D-stacked DRAM will help in this situation?



How do you calculate bandwidth?
•



2 components that makes a roofline model









https://crd.lbl.gov/departments/computer-science/PAR/research/roofline/

Data Level Parallelism for arithmetic 
intense operations






