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The Singular Value Decomposition

Decomposition of a Matrix into 
a product of tree matrices
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Application: LSI (Latent Semantic Indexing)

LSI uses statistical methods like the SVD or the QR factorisation to
extract the underlying structure which govern the use of words across
a document collection.
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Computation of the SVD

o Classical Jacobi
l Compute the eigenvalues of AAT or ATA with the Real-Schur

formula and derivate the SVD of A.

l Problem: Computing AAT is not practicable for large matrices.

o Hestenes Method

l Generate an orthogonal matrice V s.t AV =W has orthogonal
columns.
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Computation of the SVD

o Incremental use of plane rotations to compute W.

l For     ,     always converge to W.

l           is a rotation matrix in the plane (i , j) defined by the

columns i an j of           for i < j.

l For any pair of columns (i , j)  a rotation has to be done at the
k-th step.

l Usualy done on a sequential machine according to a fixed
cyle (sweep):  (1 , 2) (1 , 3)...(2 , 3) (2 , 4).....(n-1 , n).
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Computation of the SVD

o The Hestenes method is used with the threshold approach of
Rustihauser

o For a pair of columns do:
l compute the rotation angle

l actualise the two columns

l test of orthogonalization

o Rotation angle computation:
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Parallel implementation

o Because the postmultiplication of A(k) by Q(k) affects only the columns
i and j, a parallelimplementation is possible.

o Pairwise column orthogonalization (Brent & Luk)

Uses too many virtual processors (not efficient)

n-1 steps
for a matrix

with n columns
to complete a 

sweep
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Parallel Implementation

o Block Orthogonalization:

n-1 steps
for a matrix

with n columns
to complete a 

sweep
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Use of a DRS

o Motivation:

l Localy increase the processing power of nodes.

l Efficient implementation of Floating point operations in
Hardware.

l Building macro-instruction to compute large amounts of data
in burst mode.

l Run-time reconfiguration of FPGAs.
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The DRS
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SVD on the DRS

o Implementation on the DRS.

•  Reconfiguration overhead is to high

•  Reorganise the design flow
•Configure once for allall columns 
  pairs

•  Merge steps 4 and 6 
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Estimation of Performance

o MAC core has a latency of 46 ns (XC4000XL)
365 ns (Pentium III 450 Mhz)

o Theoretical datarate for a Xilinx 4000Xl
l 165 Mb/s
l 20.8 M MAC/s (600 Billion MAC/s on virtex II 3000 for fixed point)

o Pentium III 450 Mhz
l ~ 20,9 Mb/s
l ~ 2.74 M MAC/s

o Praxis
l ~ 90.0 Mb/s
l ~ 11.8 M MAC/s
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Estimation of Performance

o Consider a 106x106 matrix to cumpute on 10 „nodes“.

l Any node will deal with 106x105 matrix.

l with 0,002% sparsity ~106 MAC operations are needed to complete a sweep.

l total time to compute a sweep:  ~ 4600s.

l we can expect the SVD of the matrix:  ~ 17 H.

l With 105 reconfigurations we have (105 x 2 s) reconfiguration overhead

l Is the SVD not feasible on this plattform?
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Minimising reconfiguration Overhead

o Reconfiguration time for the SVD is about 40 times the computation time

o Reducing the reconfiguration overhead (RO):

l Eample : core C2 have to be used in the FPGA after core C1

C1 C2

C1
C2

Instead of doing this way, 

Do it like This !!!

Maintain C1 and C2 in the RPU
and select the appropriate core,
when needed.

RO = 0
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Minimising reconfiguration Overhead

o Reducing the reconfiguration overhead (RO)
l Efficiently use subcores.

l Combine cores in different blocks.

M5

C4

C1

C8

C2

C3
C6

C7
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Minimising reconfiguration Overhead

o Modeling cores.

C

R1

R2

Rk

T1

T2

Ts

(R1,R2,..Rk,C,T1,T2,..Ts)

activation line

•   operation on cores:  ,,

•   How to manage reconfigration of cores in application ?
•   How to maintain control on „low level“ cores (registers) 
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Chalenge

o Given a Problem and ressource graph

o Goal: Find an optimal Implementation

l Optimal scheduling of Cores configurations (temporal partitioning)

l Optimal Grouping of macro instructions in configurations (ressource
sharing)

l Mathematical properties of reconfiguration

l Make the reconfigurable computing field attractive for software designers.

• Use of tools like JBits.
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conclusion

o Singular Value Decomposition on a DRS

o Application and compuation

o Avoidance of Reconfiguration

o Future work


