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Project overview

�MSc project in advanced Computer Science

�Aim to investigate porting of numerically computational kernel 

to multicore architectures

�Cell Processor and GPUs chosen as complementary 

architectures 

�Focus on computer science view, development of tools and 

methods

�Student chose to tackle N-body computational kernel.



Cell Processor architecture
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Workflow on  Cell  Processor
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Full OS only on the PPE which organises computational work tasks on the SPEs

spe_image_open()

Load the image from the disk into main memory 

return pointer to the image.

spe_context_create()

Create the context populating the supplied 

spe_context_ptr_t structure

spe_program_load()

Load the supplied image pointer to the supplied 

SPE defined by its context.

spe_context_run()

Run the current image on the context provided

spe_context_destroy()

Destroy the SPE context

spe_image_close()

Remove the image from main memory



Nehalem + Nvidia GPU
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Similarly GPUs are designed for floating point calculations with simple 

logic.

Combining them with a multi-threaded CPU allows task distribution so 

that the SIMD model can be used.

Data transfer to the GPU processing units has improved rapidly.



Massively threaded model for GPU 

processing

Processing uses a massively threaded model. Thread 

processing units grouped in units that have shared memory. 

Threads are grouped into blocks of 32 threads (a warp) that 

perform the same instruction on multiple data values. 
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Complexity of the N-body kernel

The N-body calculation has complexity of N*(N-1)/2 i.e. O(N^2)

This will need to be repeated at each step as the positions of the 

particles evolve.
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Task Diagram for the N-body kernel
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�State of the gravitational

Interactions needs to 

be updated as solution

evolves dynamically



Project Plan
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Adaptation of kernel for Cell Processor
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Profiling indicated that the 

gravitational interactions took 

over 85% of computational 

time with 60 particles and this 

increased with numbers of 

particles. 

This indicates that this part of 

the code needs to be 

calculated in parallel on the six 

SPEs



Adaptation to a  GPU

The difference with the 

GPU is that each multi 

processing unit can access

the same model.

On the version of the 

GPU used it was not possible 

to lock the values for a 

double for long range 

force accumulation.

We give each thread unit

only local values, this 

results in doubling the number

of calculations. On a massively

threaded model this is acceptable.
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Dynamic profiling to adapt to 

architecture
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We wish to develop a 

profiling algorithm 

that adapts to the 

architecture and

selects the best

plan for the size and 

type of architecture

and for the size of 

the N-body calculation. 



Platforms 

�CELL development was 

conducted on a 60GB Version 1 

PS3 which had the other OS 

facility enabled. Sony 

commissioned Fixstars to 

develop a Linux variant which 

have the ability to operate on 

the PS3 and to accordingly give 

it access to the individual SPE. 

The PS3 system was installed 

with this Linux variant Yellow 

Dog Version 6.1. 

Initially, the application was 

developed on a dual core Xeon 

processor with an Nvidia 

Geforce 9500GT; however, this 

lacked the double precision 

required by the Nmod 

application. Due to this failing, 

the final implementation and 

development had to be 

conducted on the Mcore Server 

provided by the School of 

Computer Science at 

Manchester University. 
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SMP Code for gravitational interaction
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Load balancing and  profiling
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We use a load balancing approach based on a block cyclic 

approach to scheduling

Offsets are used in the SMP code to identity the work portions

In the testing part various combinations of cores (Cell) or 

threads (GPU) are tested for a single step and the minimum time 

result is stored 

This can be used for the calculation that finds the relaxation 

towards equilibrium (lowest energy state)



Selecting the optimum plan
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Manual Results for Cell

Results for PPE on

only 
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Results for SPE



Autoprofiling compared with manual 

results

Autoprofiling does not detect the 

PPE option for the lowest particle

counts. However it detects the 

crossover points for SPEs
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Auto-profiling of Nehalem/GPU

Autoprofile

of Nehalem with

and without the

GPU cores.

Nehalem only 

speedup 

superlinear owing

to cache effects

GPU solution 190X

speedup on 1500

bodies
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Graphical View of autoprofiling

Crossover point

for using GPU at 

60 bodies
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Future  work

�We could store previous optimum states to narrow down the 

extent of the search for the optimum configuration.

�OS enhancements – information about where the threads are 

physically running – important in clouds. 

�Take account of speed of approach to optimum configuration, 

extra tests provide more information far from optimum.

�Use of machine learning, our algorithm assumes a very simple 

relation between underlying algorithm and its physical 

implementation (offset value via block cyclic scheduling 

strategy).
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