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ABSTRACT
In this paper, efforts are made to study the parallel architectures and the topology associated
with parallel architectures. Further a parametric study is conducted for solving the matrix
multiplication problem by using two different parallel architectures and it has been observed
that matrix size and behavior is dependent on the complexity of the architecture being used
for carrying the multiplication.
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1. INTRODUCTION
Parallel processing is information processing that emphasizes the concurrent
manipulation of data elements belonging to one or more process solving a single problem. A
parallel computer is a multiple processor computer capable of parallel processing.
The throughput of a device is the number of results it produces per unit time.
There are many ways to improve the throughput of a device. The speed at which the device
operates can be increased, or the concurrency the number of operations that are being
performed at any one time can be increased.
Pipelining and data parallelism are two ways to increase the concurrency of a
computation. (13).
Data parallelism is the use of multiple functional units to apply the same operation
simultaneously to elements of a data set. A k-fold increase in the number of functional units
leads to a k-fold increase in the throughput of the system, if there is no overhead associated
with the increase in parallelism.
Speedup is the ratio between the time needed for the most efficient sequential
algorithm to perform a computation and the time needed to perform the same computation on
a machine incorporating pipelining and/or parallelism.
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1.1. CONTROL PARALLELISM:Our discussion has focused on data parallel and pipelined algorithms.
Pipelining is actually a special case of a more general class of parallel algorithms, called
control parallel algorithms. In contrast to data parallelism, in which parallelism is achieved
by applying a single operation to a data set, control parallelism is achieved by applying
different operations to different data elements simultaneously.
Most realistic problems can exploit both data parallelism and control
parallelism. Realistic problems also have some precedence relations between different tasks.
For example, consider the problem of performing an estate’s weekly landscape maintenance
as quickly as possible (Fig 1-4). Suppose four chores must be performed: moving the lawn,
edging the lawn, checking the sprinklers, and weeding the flower beds. With the exception of
checking the sprinklers which is easily performed by a single person, each of the remaining
chores can be done more quickly by multiple workers. Increasing the lawn mowing speed by
creating a lawn mowing team and assigning each team member a portion of the lawn is an
example of data parallelism. Since there is no reason why the flower beds cannot be weeded
at the same time the lawn is being mowed, we can assign another team to the weeding.
Concurrent weeding and lawn mowing is an example of control parallelism. Precedence
relations exist between checking the sprinklers and the three other tasks, since all of the other
tasks must be completed before the Sprinklers are tested.
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Fig.1-3 shows Speedup achieved by pipelined and parallel widget assembly machines.

2. Processor Topologies
2.1 MESH NETWORK
In a mesh network, the nodes are arranged into a q-dimensional lattice.
Communication is allowed only between neighboring nodes; hence interior nodes
communicate with 2q other processors. Figure 2-1a illustrates a two dimensional (2-D)
mesh. Some variants of the mesh model allow wrap around connections between processors
on the edge of the mesh. These connections can connect processors in the same row or
column (Fig. 2-1b) or adjacent rows or columns (Figs 2-1c).
Let’s evaluate the mesh network according to our four criteria. We assume that the
mesh has no wrap around connections. The diameter of a q-dimensional mesh with kq nodes
is q(k – 1 ). Hence, from a theoretical point of view, mesh networks have the disadvantage
that data routing requirements often prevent the development of polylogarithmic time parallel
algorithms. In practice, however, some computer architects would rather implement fewer,
faster links than more, slower links (11).
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Figure2-1 Shows Two Dimensional Meshes

(a)
Mesh with no wrap-around connections.
(b) Mesh with wrap-around
connections between processors in same row or column. (c) Mesh with wrap-around
connections between processors in adjacent rows or columns.
2.2 HYPERCUBE (CUBE-CONNECTED) NETWORKS
A cube connected network, also called a binary n-cube network, is a butterfly with
its columns collapsed into single nodes. Formally, this network consists of 2k nodes forming
a k-dimensional hypercube. The nodes are labeled 0,1…..,.,2k – 1 ; two nodes are adjacent if
their labels differ in exactly one bit position. A four dimensional hypercube is shown in
figure2-2 (12).
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Figure
2-2 A four dimensional (16 node) hypercube.

3. MATRIX MULTIPLICATION ALGORITHMS
3.1 MATRIX MULTIPLICATION ON HYPERCUBE MODEL
Parameter q { Matrix size is 2q x 2q }
Global l
Local a, b, c, s, t
Begin
{Phase 1: Boradcast matrices A and B}
For l ← 3q – 1 downto 2q do
For all Pm, where BIT(m,l) = 1 do
t ← BIT.COMPLEMENT(m,l)
a< = [t]a
b< = [t]b
endfor
endfor
for l <- q – 1 downto 0 do
for all Pm ,where BIT(m,l)≠BIT (m,2q+l) do
t <- BIT.COMPLEMENT (m,l)
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a< = [t]a
endfor
endfor
For l <-2q – 1 downto q do
For all Pm where BIT(m,l)≠BIT (m,q+l) do
t <- BIT.COMPLEMENT(m,l)
b< = [t]b
endfor
endfor
{Phase 2: Do the multiplications in parallel}
For all Pm do
c <- a x b
endfor
{Phase 3: Sum the productrs}
For l <- 2q to 3q – 1 do
for all Pm do
t <- BIT.COMPLEMENT(m,l)
s = [t]c
c <-c + s
endfor
endfor
end
The two new functions, BIT and BIT COMPLEMENT, are used by this
algorithm. Function BIT, passed integer arguments m and l, and returns the value of the lth
bit in the binary representation of m. Function BIT.COMPLEMENT, passed integer
arguments m and l, and returns the value of the integer formed by complementing the value
of bit l in the binary representation of m.
The first for loop requires 2q data routing steps. The last three for loops require q
data routing steps each. Hence a total of 5q data routing steps are sufficient to multiply two
matrices on the hypercube SIMD model. The algorithm also uses one multiplication step and
q addition steps. Clearly, the complexity of matrix multiplication on the hypercube SIMD
model is θ (q) = θ (log n), given n3 processing elements (19).
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3.2 MATRIX MULTIPLICATION ON 2-D MESH SIMD
Global n

{Dimension of matrices}

k
Local a, b, c
Begin
{Stagger matrices}
For k ← 1 to n – 1 do
For all P(i, j) where 1 < i, j < n do
If i > k then
a< = east (a)
endif
if j > k then
b< = south (b)
endif
endfor
endfor

{Compute dot products}
For all P(i,j) where 1 < i, j < n do
c← axb
endfor
for k ← 1 to n-1 do
for all P(i,j)where 1 < i, j < n do
a = east (a)
b = south (b)
c←c+axb
(10) has shown that multiplication of two n x n matrices on the 2-D mesh SIMD model
requires Ө(n) data routing steps.
Matrix multiplication on the 2-D mesh SIMD model requires Ώ or for large values of n,
approximately s > 0.35n, data routing steps.
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4. CONCLUSION AND FUTURE WORK
4.1 CONCLUSION

1) Hypercube SIMD model requires n3=23q processors to multiply nxn matrices
(matrix size is 2qx2q).while 2D MESH SIMD model requires n2 processors to multiply
the same.
2) HYPERCUBE model requires θ (log n) time to multiply the matrices while
MESH SIMD requires θ (n) time.

2D

3) If we compare the complexity of parallel algorithm on both architectures then
HYPERCUBE model is more scalable.
An algorithm is known to be scalable if its cost is in the same complexity class as an
optimal sequential algorithm. A sequential algorithm takes θ (n3) time to multiply two
nxn matrices.
So, a parallel algorithm on hypercube architecture is more scalable than on 2D
MESH architecture.
4.2 FUTURE WORK

Finally we conclude that a parallel algorithm of matrix multiplication is more
scalable on hypercube architecture in comparison to mesh architecture. In future, our
aim is to develop such a architecture which is the combination of more than one
architectures (like mesh and hypercube both.) which can give less complexity. The
other aspect may be to develop such a parallel algorithm
which suggests the suitable architecture on which it gives less complexity in
comparison to others.
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