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ISL Technology Overview

A Reconfigurable computing A Cell/B.E.
I SRC-6 reconfigurable I IBM Blade
computer with Center with
2 MAP 2 Cell/B.E.
processors blades

SGI Altix 350 with RASC
Athena module A GPU

T 10-node PC cluster with NVIDIA
GeForce 8800 GTX cards

Nallatech H101 PCIXM add-on
FPGA board

KN

National Center for Supercomputing Applications Ncs




SRC-6 Reconfigurable Computer
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SRC-6 MAP Series E Processor
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IBM Blade Center Chassis

Dual-Cell
Blade 1

Dual-Cell
Blade 2

Blade Center GbE
Switch Module

Blade Center
Advanced
Management
Module

Blade Center GbE
Switch Module

External GbE
Switch

Terminal
Concentrator

Intel Server
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IBM Dual-Cell Blade
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NAMD

A NAMD SPEC 2006 kernel ported to SRC-6

I Only the non-bonded force field calculations
A Excluding pair list

I Using SPFP version of the kernel

A Kernel execution time is reduced from 9 seconds (2.8 GHz Intel Xeon) to 3 seconds (MAP Series E
processor)

I Main issues
A Not enough logic elements to implement more than 2 compute engines per chip
A The MAP C language primitives are not flexible enough to support complex operations

A NAMD SPEC 2006 kernel ported to Cell/B.E.

i Only the non-bonded force field calculations
A Excluding pair list

I Using SPFP version of the kernel
A Kernel execution time is reduced from 8.6 seconds (2.2 GHz AMD Opteron) to 1.1 seconds on one Cell

I Using DPFP version of the kernel
A Kernel execution time is reduced from 11.1 seconds (2.2 GHz AMD Opteron) to 2.2 seconds on one Cell

I Main issue
A Data manipulation overhead due to the need to vectorize the data for SIMD engine
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A Spatial decomposition
I for (k=0; k=M, k++)
i for (1=0; 1=13; I++) -
A Cut-off radius
I for (I=0; 1 < Ng; I++)
i for (=0; j < Nj j++) O
i If (distance(l,j) < cutoff distance)
A Newton's Third Law =
i F(1) += 1(X;,)
i F() -= (%)
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NAMD source code

void ComputeList::runComputes(PatchList *patchList)
{

INt I;

for (iI=0; i<knumSelfComputes; ++i ) {
selfComputes|i].doWork(patchList);

) N

for (1=0; iknumPairComputes; ++i) {
pairComputes|i].doWork(patchList);

}
}
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Potential energy kernel

for each atom i in patch p,
for each atom j in patch p,
if atoms i and j are bonded, compute bonded forces

otherwise, if atoms i and | are within the cutoff distance
add atom j to the i6 atom pair list

end
for each atom g in the i6 stom pair list
compute non-bonded forces
end
end
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Simplified potential energy kernel

for each atom i in patch p,
for each atom j in patch p,

if atoms i and j are within the cutoff distance
compute non-bonded forces

end
end

A The simplifications were necessary because of the overhead due to the
non-compute-intensive code (e.g., pair list maintenance)
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NAMD data storage transformation

A Il original NAMD data storage

struct CompAtom {
Position position; // class
Charge charge;
unsigned intid : 22;
unsigned int vdw_type: 10;
3

typedef IntVector Force;
class IntVector {

public:

Int32 x,y,z;

inline IntVector(void) { ; }

inline IntVector(const Vector &v);

|8

A /I MAP data storage (in BRAM)

struct FPGA _input_data {
float p_x;
float p_y;
float p_z;
float p_charge;

int p_atomVdwType;
> intf_x;
intf y;

intf z;

struct FPGA_output_data {
int nothing;
intf x;
intf y;

intf z;
: KN
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NAMD kernel MAP E implementation

[ start | [ start |
__________________ +_______________________________________________________*___________________.
» getinitial parameters from bridge
yes no
first time
DMA lookup tables to OBM A|B|C|IDIE|F
v I
copy lookup tables to BRAM
___________________________________________________________ ) SRR N
__________________________________________ DMAIN | 1 Copylookuptables o BRAM 1| .
stream input data and copy to B copy from bridge to BRAM
OBM, BRAM, and stream to bridge e /
I
""""" +"""""""'+""'""""""""""""""""'V"'""""""'V""""""
compute compute compute compute
fori=0, 4, 8 fori=1, 5, P, é& fori=2, 6, 1| fori=3, 7, 11, é
---------- +---------------4---------------------------------------F-------i-------+------------
merge results and stream out Y bridge |« merge results and stream out

sop ) Alg] Csw 1 N

DMA OUT
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NAMD kernel MAP E implementation

A Primary chip A Secondary chip

Device Utilization Summary: Device Utilization Summary:

Number of BUFGMUXs 1 out of 16 6% Number of BUFGMUXs 1 out of 16 6%

Number of External IOBs 832 out of 1164 71% Number of External IOBs 745 out of 1164 64%
Number of LOCed IOBs 832 out of 832 100% Number of LOCed I0OBs 745 out of 745 100%

Number of MULT18X18s 131 out of 444 29% Number of MULT18X18s 134 out of 444 30%

Number of RAMB16s 258 out of 444 58% Number of RAMB16s 258 out of 444 58%

Number of SLICEs 44094 out of 44096 99% Number of SLICEs 40427 out of 44096 91%

Timing analysis: Actual: 9.964ns Timing analysis: Actual: 9.971ns

Execution time ~3.07 seconds (measured on CPU)
~0.15 seconds due to data DMA in/out and (measured on MAP)
~0.84 seconds due to MAP function call overhead
~2.08 seconds due to actual calculations (measured on MAP)
which is 3x speedup N
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