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Topics
e Speedup, Efficiency, Scalability
e Matrix-Vector Operations
e Matrix-Matrix Operations

e Solving Systems of Linear Equations

Speedup, Efficiency, Scalability

These equations model parallel addition:

N
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2log P represents the cost of communication.
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Examples
Suppose we are adding 64 data units with 4 processors:
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If we keep the data size constant but 16 processors:
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Efficiency does not increase proportionally to the number of processors if the data
size remains the same. Suppose P =4 and N = 128:
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To find the optimal number of processors for the optimal 7},:
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Matrix-Vector Operations

Let A be a matrix of size N x N, x is a vector of size N, and y be the resultant
vector of size N.
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This entire process is ©(NN?). To compute each y;, we have ©(N) multiplications and
N — 1 additions, but we will not be taking into account the N — 1 additions because
they are outshadowed by the computation time of the multiplications (which are
simply repeated additions). To compute the vector y, we need ©(N?) multiplications.

Example

If we consider the case where N = P. We assign one row of A to one processor.
Row; = P,

Each P; will compute their corresponding y;. All P;’s will work in parallel here,
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making 7, = ©(N) and speedup = %((JX,)) = O(N) This does not take into account

the cost of communication. For this example, each processor needs to have a copy

of vector x. It needs to be broadcast to all other processes.

Example

Suppose however, that N is greater than P. Suppose we have 16 rows and 4 proces-

sors, P, will have % vectors to compute, making this process O (N %)

Matrix-Matrix Operations
[A] x [B] = [C]
Let A and B be matrices of size N x N
N
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This is a computation that is ©(N?). The matrix B must be broadcast to all pro-
Cessors.
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