> It is done by solving Maxwell equations.

OE oH

VXH:ﬁ‘fE;, VXE:—;{; 0
Hij)=H, )+ RCTE:” (j=1)=E." L j+1)L

B B rRrEPIEG 1D B ) )
E:(ij) = CAG, ) B2 (1, j)+ CB.G, j)-(H> - (+1, ) —Hy =1 )+ He ' (ij-1)-Hs " (i, j+1)]

T[i][J1=C*T[i] [J1+4D* (T[i+1][J1-T[i-1][3J]1-T[i][J+1]-T[i][3-1])

For (i=0; i<getMaxX(); i+=2)
For (j=1; j<getMaxY()-1; j+=2)
T[i][J1=T[i]l[JI1+F*(T[i]1[j-1]1-T[i][3+1])
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For (i=1; i<getMaxX(); i+=2)
For (j=1; j<getMax¥(); j+=2)

K TLi][31=T[i] [J1+F*(T[i-1][3]1-T[i+1][]]) )
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Loop tiling theory
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In ,Loop titling for paralellism” (Jingling Hue):

Loop tiling is one of the most important iteration-reordering loop transformation.

Maximize parallelism ‘

Improve memory hierarchy performane ‘

Reduce communication and synchronization time

It is beneficial for both parallel machines and uniprocessors with
multi-levels cache
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Loop tiling theory
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Example: Matrix-vector multiplication
for (i=0l 1<N- 1Ff1)
for (-0- a<N: JL})

elldl = eldlnd alli] 1] 0] gy

Idea: Loop tiling partitions a loop's iteration space into smaller chunks or blocks

for (i=0: i<N: i t=-3)
ffor (5=0; Jg<N: 4=3)
for (ii=i; ii<min(i+3,N); ii++)
for (jj=3j; jj<min(j+3,N); Jjj++)
c[ii] =c[ii]+ a[ii]l[3j3j1*b[3j3]];
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Loop tiling theory —
Dependency set

ﬁor (t=0; t<numberOfIterations; t++) {
For (i=0; i<getMaxX(); i+=2)

For (j=0; j<getMaxY(); j+=2)
e TIi1[g1=C*T[1] [514D> (T[1+11[3]1=-T[1=-11[51=-T[1]1[11-TIi1[5=-11)

For (i=0; i<getMaxX(); i+=2)
For (j=1; j<getMaxY()-1; j+=2)

Tl1] =T ] tEX (T [g=1]1=T[x] [5%1])
ﬁﬂ; i<getMaxX(); i+=2)
For (j=1; j<getMax¥Y(); j+=2)

T[i][J1=T[i] [JI1+F*(T[i-1][J]1-T[i+1][3])

~

<

[Dez:{ 1,0,0),(,-1,0),(1,1,0),(1,0,-1), (1,0,1) }]

Dy,~{(1,0,0),(1,0,1), (1,0,-1)}
D i, 000 (100 (L, 0}

Dependency set for the two dimensional FDTD problem
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FDTD tiling theory — iteration space graph

Dependency set

Distance
Vectors
(Dependency vectors)
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For (i=1; i<getMaxX(), i+=2) {

0; t<numberOfIterations; t++){
For (j=1; j<getMaxY(); j+=2) {
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FDTD tiling theory — iteration space graph

Dy,={(1,0,0), (1,0,1), (1,0,-1) }
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Dependency set
defines an iteration
space graph, that
consists all the
iterations in the
iteration space and
the distance vectors

. Ez elgctric component

® Hx off Hy magnetic component
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FDTD tiling theory — loop space tiling
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5x3 rectangular tiling of the FDTD ISG.

D.={(,0,0),(1,-1,0),(1,1,0), (1,0,-1), (1,0,1) )]

- Rectangular tile 5x3

o e ] (] Overlapping boundary
}
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FDTD tiling theory — loop time tiling
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Hexagon shape time tiling for the FDTD 2D (height=3, width=3).
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Streaming model architecture Cell/BE
processor - example

PPE
(power procesor
element)

EIB
(element
interconnect
bus)

Main
memory
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PPE

(power procesor
element)

Streaming model architecture Cell/BE
processor - example

EIB
(element
interconnect
bus)

Main memory
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. Tiles currently computed

@ Tiles currently transfered
D Tiles unused

5 | The FDTD computati hem
g e computation scheme.
£
Host node Start, iter=0 | Computational node Start, number |
M = FDTDMeshCreation()
§’= 8 = tilesGeneration(M) 9| tileAddress = RecvMessageFromHost( )|
|
& Morelterations(iter)? | TheLastTile(tileAddress)? I—y
S — — A
: !
3 MoreTiles(S)? —

2
~
2

n = getUnloadedComputationalNode()
T = getNextTile (S)

SendMessage(n, T) Not
available

N waitingForData(local)
FDTDComputation(local)

transferDMAToHost(local, tileAddress)

SendMessageToHost(number)

| unloadedNode = RecvMessage( )l
T

| Computational node stop

]

SendLastMessageForAllNodes() |

I \L Execution | Execution on a computational |

| Host node stop

| on host node node
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n = getUnloadedComputationalNode()

T = getNextTileAddress(S,
NumberOfTiles)

SendMessage(n, T)
SendMessage(n, NumberOfTiles)

Execution on host node
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The FDTD computation scheme with

rotating buffers modification.
—

remoteAddr = RecvMessageFromHost() |

Y
| TheLastMessage(tileAddr)? I—

NumberOfTiles=RecvMessageFromHost()

local[ ] = transferDMAFromHost(
remoteAddr, NumberOfTiles)
buffer = 0

waitingForDataForBuffer(local[buffer])

FDTDComputation(local[buffer])

transferDMAToHost(local[ buffer],
remoteAddr([buffer])
buffer = (buffer + 1)%numberOfBuffers

If buffer<NumberOfTiles
N
SendMessageToHost(number) |

Execution on a computational node | |

Computational node stop |&
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Speedup for FDTD computations for
various tile sizes (space rectangular tiling).

7
6 M tile size=16
s tile size=64
M tile size=128
4 tile size=1024
Q
3 B tile size=16384
(7]
o 3
Q.
wv
2 -
1 -
0 .
1 2 3 4 5 6
Number od SPEs




Comparison of efficiency of the FDTD

Execution time of the FDTD
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S N > In the paper, the method of the FDTD simulations has been
S S presented.
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20 g > All these methods have been tested on the Cell/BE processor and
¥ they have given very promising results.
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