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1 Speedup and Parallel Efficiency
The speedup S for solving a problem on p processing elements compared to one 
processing element can be calculated with Amdahl’s law

(1)

where  denotes the percentage of serial work to be done. The efficiency E of 
this parallel approach can be calculated with E  Sp.

a) Consider  some  parallel  program  with  a  percentage  of  serial  work  of  4%. 
Calculate the maximum amount  p of processing elements, thus, the parallel 
efficiency E is at least 90%.

b) Given is a matrix  ANN.  Some iterative smoothing algorithms calculates the 
mean of each coefficient  aij and its four (direct) neighbours before the new 
value âij is stored at position (i, j) again – one single smoothing step takes TS 

time. For a parallel approach with p processing elements the matrix A shall be 
divided into p parts, thus, each part consists of Np columns and N rows. For 
calculating the mean at the border of each part one processing element has 
to  exchange  its  border  values  with  its  direct  neighbours  –  a  single 
sendreceive of one value  aij takes  TC  2TS time. Calculate the maximum 
amount  p of processing elements, thus, the parallel  efficiency  E is at least 
50%.

c) Explain the difference between Amdahl’s  law and Gustafson’s  model.  Hint: 
Consider the different definitions of the sequential part of a parallel program.

2 Flynn’s Taxonomy
Some algorithm computes from given input data dIN the corresponding output 
data
 dOUT as follows:

                 dIN → d1 → d2 → d3 → ... → dN−1 → dN → dOUT ,

where di denotes intermediate data in the i-th step. To accelerate this program, 
the  entire  computation  should  be  processed  in  parallel.  Explain  according  to 

S=
p

σ⋅p+1−σ 
 ,



Flynn’s taxonomy which model – SISD, SIMD, MISD, or MIMD – is best suited for 
this computation and how the parallel implementation works.

3 Superscalar Organisation
Modern microprocessors contain multiple copies of the same physical resources, 
such as execution units, issue control or data paths. This allows the execution of 
more than 1 instruction per CPU cycle. For example, the Itanium 2 processor has 
6 ALU units, 4 floating point units, and 4 load/store memory ports. Thus, Itanium 
2 can issue many combinations of 6 instructions per cycle.

Consider  that  4  floating  point  operations  in  each  cycle  can  be  in  average 
performed by such a processor.

1. Calculate  the  theoretical  peak  performance  (in  FLOPS  –  floating  point 
operations per second) of an Itanium 2 processor, having a clock frequency 
of 2.33 Ghz.

2. What would be the theoretical execution time (in seconds), on the machine 
described previously, of the multiplication of two full matrices, each one 
having 107 elements, represented as floating point numbers with double 
precision?
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