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1. Introduction to the FDTD (Finite Difference
Time Domain) problem

2. Loop tiling theory - a tile, a dependency set, a
space iteration graph

3. Loop tiling in the FDTD problem
4. Streaming computational model
5. Example of streaming architecture – PS3

Cell/BE procesor
6. Experimental results
7. Conclusions
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IntroductionIntroduction
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� It is done by solving Maxwell equations.
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Introduction cnd.Introduction cnd.

�

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

For(j=0; j<getMaxY(); j+=2)
T[i][j]=C*T[i][j]+D*(T[i+1][j]-T[i-1][j]-T[i][j+1]-T[i][j-1])

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

T[i][j]=T[i][j]+F*(T[i][j-1]-T[i][j+1])

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

T[i][j]=T[i][j]+F*(T[i-1][j]-T[i+1][j])
}
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LoopLoop tiling theorytiling theory

��  !���	�	������������������"�#�������$���%

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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LoopLoop tiling theorytiling theory

�#�����$ &�	��'(��	�����	�����	���

����$ !��� 	��������	�	����� ����)��	���	���������	� ����������*������*�

for (i=0; i<N; i++) 
for (j=0; j<N; j++) 

c[i] = c[i]+ a[i][j]*b[j]; 

for (i=0; i<N; i+=3) 
for (j=0; j<N; j+=3) 

for (ii=i; ii<min(i+3,N); ii++) 
for (jj=j; jj<min(j+3,N); jj++) 

c[ii] =c[ii]+ a[ii][jj]*b[jj];

�
�
�
�
��
�
�
�
	�


�
�
��
��
�
�
�
�
�
��
��
�
��
�
�
��
��
��
��
��
��
�
�
�
�
��
�
�
�
�
�
��
�
�

�
�
�
�
�
	�
�
��
�
�
�
� 
!
!
"

LoopLoop tiling theorytiling theory ––
DependencyDependency setset

+

Dez={(1,0,0),(1,-1,0),(1,1,0),(1,0,-1),(1,0,1)}

Dhy={(1,0,0),(1,0,1),(1,0,-1)}
Dhx={(1,0,0),(1,1,0),(1,-1,0)}


�������,��	���	��	��������������
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�������

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

For(j=0; j<getMaxY(); j+=2)
T[i][j]=C*T[i][j]+D*(T[i+1][j]-T[i-1][j]-T[i][j+1]-T[i][j-1])

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

T[i][j]=T[i][j]+F*(T[i][j-1]-T[i][j+1])

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

T[i][j]=T[i][j]+F*(T[i-1][j]-T[i+1][j])
}
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FDTD tiling theoryFDTD tiling theory –– iteration iteration spacespace graphgraph

Dez={(1,0,0),(1,-1,0),(1,1,0),(1,0,-1),(1,0,1)}

Dhy={(1,0,0),(1,0,1),(1,0,-1)}
Dhx={(1,0,0),(1,1,0),(1,-1,0)}

Distance 
Vectors

(Dependency vectors)

Dez={…,…,…,(1,0,-1),…}

Dependency set

Direction value

Time distance value Space distance values

For(t=0; t<numberOfIterations; t++){
…………

} 

For(i=1; i<getMaxX(); i+=2) {
For(j=1; j<getMaxY(); j+=2) {
………

}
}
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FDTD tiling theoryFDTD tiling theory –– iteration iteration spacespace graphgraph

t

i

j

t k-
2

t k-
1

t k
t k+

1

Hx or Hy magnetic component
Ez electric component

Dez={(1,0,0),(1,-1,0),(1,1,0),(1,0,-1),(1,0,1)}

Dhy={(1,0,0),(1,0,1),(1,0,-1)}
Dhx={(1,0,0),(1,1,0),(1,-1,0)}

Dependency set 
defines an iteration 
space graph, that 
consists all the 
iterations in the 

iteration space and 
the distance vectors
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FDTD tiling theoryFDTD tiling theory –– looploop spacespace tilingtiling

j

t

i

Rectangular tile 5x3

Overlapping boundary

%#&��������������������������'�'���()

Dez={(1,0,0),(1,-1,0),(1,1,0),(1,0,-1),(1,0,1)}

Dhy={(1,0,0),(1,0,1),(1,0,-1)}
Dhx={(1,0,0),(1,1,0),(1,-1,0)}
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FDTD tiling theoryFDTD tiling theory –– looploop time time tilingtiling

t

i

t k-
2

t k-
1

t k
t k+
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StreamingStreaming model architecture model architecture CellCell/BE /BE 
processorprocessor -- exampleexample

PPE
(power procesor 

element)

SPE local
memory

SPE local
memory

SPE local
memory

SPE local
memory

SPE local
memory

SPE local
memory

Main
memory

EIB
(element 

interconnect
bus)

IO
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StreamingStreaming model architecture model architecture CellCell/BE /BE 
processorprocessor -- exampleexample

PPE
(power procesor 

element)

SPE local
memory

SPE local
memory

SPE local
memory

SPE local
memory

SPE local
memory

SPE local
memory

Main memory

EIB
(element 

interconnect
bus)

IO

1 2 3 3 2 1

4 5 6 6 5 4

4 5 6 6 5 4

1 2 3 3 2 1

i

j
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The FDTD computation scheme.The FDTD computation scheme.
Host node Start, iter=0

M = FDTDMeshCreation()
S. = S = tilesGeneration(M)

MoreIterations(iter)?

MoreTiles(S)?

n = getUnloadedComputationalNode()

Host node stop

T = getNextTile (S)

SendMessage(n, T)

unloadedNode = RecvMessage()

iter=iter+1, S = S.

SendLastMessageForAllNodes()

Computational node Start, number

tileAddress = RecvMessageFromHost()

TheLastTile(tileAddress)?

Computational node stop

local=transferDMAFromHost(tileAddress)

waitingForData(local)

FDTDComputation(local)

transferDMAToHost(local, tileAddress)

SendMessageToHost(number)

Execution on a computational 
node

Execution 
on host node

Y

Y

N

N

N

Not 
available

Y
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The FDTD computation schemeThe FDTD computation scheme withwith
rotatingrotating buffersbuffers modificationmodification..

n = getUnloadedComputationalNode()

T = getNextTileAddress(S, 
NumberOfTiles)

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

remoteAddr = RecvMessageFromHost()

TheLastMessage(tileAddr)?

Computational node stop

local[] = transferDMAFromHost(
remoteAddr, NumberOfTiles)

buffer = 0

waitingForDataForBuffer(local[buffer])

FDTDComputation(local[buffer])

transferDMAToHost(local[buffer], 
remoteAddr[buffer])

buffer = (buffer + 1)%numberOfBuffers

SendMessageToHost(number)
Execution on a computational node

Execution on host node

N
NumberOfTiles=RecvMessageFromHost()

If buffer<NumberOfTiles

N

Y

Y
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Speedup for FDTD computations for Speedup for FDTD computations for 
various tile sizesvarious tile sizes ((spacespace rectangularrectangular tilingtiling))..
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Comparison of efficiency of the FDTD Comparison of efficiency of the FDTD 
computations with noncomputations with non--blocking  and blocking  and 
blocking mailbox communication.blocking mailbox communication.
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Execution time of the FDTD Execution time of the FDTD 
computations  with computations  with thethe rotatingrotating--buffers buffers 
optimization optimization ((for tile size = 128for tile size = 128))
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Execution time for FDTD computation for Execution time for FDTD computation for 
various “tile” configurations.various “tile” configurations.
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ConclusionsConclusions
� In the paper, the method of the FDTD simulations has been

presented.
� Our idea is combining three optimization methods:

� loop tiling theory,
� streaming model computations
� rotating buffers mechanism.

� We can consider a given problem from a programming structures
point of view and from an architectural point of view:
� The loop tiling method defines atomic portions of data spreading among all available

computational nodes.
� The rotating buffers mechanism has been used to create a pipeline of computations

and communication, which provides a constant stream of data for computational
nodes

� All these methods have been tested on the Cell/BE processor and
they have given very promising results.

� Our experiments show that fine grain computations can be efficiently
executed the Cell/BE processors using the streaming computational
model.
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