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Benefits of using GPUs - Another level of parallelism

- Frequency scaling era 
before 2005 

(AKA free lunch era)

- Since 2005, performance 
increase is based on 
increasing parallelism 

Little’s Law: Arithmetic throughput = concurrency/latency
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Benefits of using GPUs - Another level of parallelism
CPU (SKL) GPU (V100)

FP64 perf ~ 3 Tflops/s ~ 7 Tflops

DRAM bandwidth ~180 GB/s ~750 GB/s

Memory 100s of GB 32 GB

Frequency 2.0 ~ 4.0 Ghz 1.3 ~ 1.45 Ghz

Characteristics Low compute density
Low latency
Moderate throughput
Moderate concurrency
Serial operations
Irregular patterns

High compute density
High latency
High throughput
High concurrency
Parallel operations
Regular patterns



IceBound Project: computing rooftops global sunlight illumination

A time-lapse view of Madison Square Park. Chang W. Lee



Shadow Model - Bresenham’s line algorithm

- The direction of the light source beam is expressed as 
- the light source beam vector [dx, dy, dz]
- The neighbour P' of a given point P at given step i is given by

- P’x = Px - round[i*dx] 
- P’y = Py - round[i*dy]

- The height of P’ (h) is given by the urban model

P’ is shaded if: h < h0 - i*dz

Urban model created by 
Lidar



Results - 5000x5000 map

Platform TTS (s) Speedup

Broadwell (20 cores) 10.8 1x

AWS g2.2xlarge (K520) 2.4 (kernel) 4.5x

Cuda K80 
(deneb@SCITAS)

0.64 (w/ data xfer)

0.5 (kernel)

16.9x
21.6x

Cuda P100 
(greina@CSCS)

0.12 (w/ data xfer)

0.09 (kernel)

90x
120x



Gravitational lensing computation code (LenstoolHPC)

Einstein ring (credit: Nasa/Hubble) Collaboration with Christoph Schäfer



Formalism

2D lensing potential: 

Example of gradient:



Strong Lensing Algorithm 
Given a parametric model for all the lens types

Step 0: Compute all the gradients 
- High compute intensity
- Regular

Step 1a: Computing sources
- lensing the images to the source plane
- Low compute intensity, regular 
- independent of Step 0

Step 1b: Searching images, needs Step 0 and 1a
- Lense image plane grid into source plate, regular
- Checking source plane grid for sources, irregular
- Moderate compute intensity

Step 2: reduce and compute Chi^2
- Low compute intensity
- Irregular (MPI)



Performance and Strong Scaling, Piz Daint@CSCS 

Number of Nodes Total Strong Scaling
1 1.05 1.0
2 0.54 1.9
4 0.29 3.6
8 0.17 6.3

16 0.10 10.2
32 0.06 16.5
64 0.07 16.0

128 0.04 28.5

Number of Nodes Total Strong Scaling

1 6.82 1.0

2 3.48 2.0

4 1.75 3.9

8 0.91 7.5

16 0.51 13.4

32 0.33 20.7

64 0.28 24.3

128 0.23 30.0

m1931_modif_217Pot benchmark, 5kx5k image



Take home message

- CPUs and GPUs can work very well together

- CPUs are designed for single thread performance and irregular patterns
- GPUs are designed for parallelism and regular patterns

- Harnessing both is the key to exascale...


