1.

a.
A mysterious data processing program is being analysed, and one of the tests being performed is to give it various amounts (N) of random input data, and measuring how long it takes (T) to complete the processing. These are the results:

	input size, N
	processing time, T

	400
	0.289  S

	500
	0.540  S

	700
	1.240  S

	1000
	4.365  S

	1300
	9.233  S

	1700
	20.944  S


· Using the accompanying log-log graph paper, determine what the speed of this algorithm is (in terms of linear, logarithmic, cubic, quadratic, etc).

· How long would you expect it to take to process 2,000 data items?

· How long would you expect it to take to process 20,000 data items?

Use units of time that make the answer immediately comprehensible to an ordinary person.

· Write a formula for calculating the approximate value of T from a given value of N.


It should be of this form:

T  (  some-formula-involving-N  Seconds

b.
Explain exactly why selection sort is Quadratic in time.


This should not be a long answer, but should be complete. You should not assume that the reader knows the selection sort algorithm, but he or she does know the basics of programming, and does know what quadratic means.

c.
If a particular program is known to be Quadratic, and it takes 10 seconds to process 10,000 data items, how long would you expect it to take to process:

· 20,000 data items?

· 1,000,000 data items?

· 1,000 data items?


try to use sensible (for ordinary humans) units of time.

d.
If a particular program is known to be Cubic, and it takes 10 seconds to process 10,000 data items, how long would you expect it to take to process:

· 20,000 data items?

· 1,000,000 data items?

· 1,000 data items?


try to use sensible (for ordinary humans) units of time.
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This is a function that multiplies together two square matrices, it requires that each matrix has the same number (N) of rows and columns.
matrix * multiply(matrix * A, matrix * B, int N)

{ matrix * C = new matrix(N, N);
  for (int row = 0; row < N; row += 1)

  { for (int col = 0; col < N; col += 1)

    { double sum = 0.0;

      for (int i = 0; i < N; i += 1)

        sum += A->get(row, i) * B->get(i, col);

      C->set(row, col, sum); } }

  return C; }

The matrix methods used should be obvious:

new matrix(A, B) creates a new A(B matrix (A rows, B columns)
get(r, c) provides the value stored at row r, column c
set(r, c, new_value) changes the value stored at row r, column c
a.
In terms of linear, quadratic, logarithmic, and so on, what is the speed of this function. Consider N to be the data size.

b.
Write that using the Big-O notation.

c.
If it takes 0.5 seconds for that function to multiply together two 100(100 matrices (i.e. when N=100), how long would you expect it to take to...

i.
multiply together two matrices when N=200?

ii.
multiply together two matrices when N=1000?

iii.
multiply together two matrices when N=10?

d.
N isn’t really a good measure of the data size for a matrix, when N=20, there are 400 numbers. That would be a much better measure. Answer part ii again, this time using this more accurate notion of data size.

This is the function for adding together two square matrices.
matrix * add(matrix * A, matrix * B, int N)

{ matrix * C = new matrix(N, N);
  for (int row = 0; row < N; row += 1)

  { for (int col = 0; col < N; col += 1)

    { double val = A->get(row, col) + B->get(row, col);

      C->set(row, col, val); } }

  return C; }

e.
If on another computer it takes 1 milli-second for that function to add together two 100(100 matrices (i.e. when N=100), approximately how long would you expect it to take to...

i.
add together two matrices when N=200?

ii.
add together two matrices when N=1000?

iii.
multiply together two matrices when N=100?
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a
Fully explain why Binary Chop Search is a Logarithmic algorithm.

b
If it takes Merge-Sort one minute to sort 1,000,000 data items, how long should it take to sort:


i.
2,000,000 items


ii.
1,000,000,000 items


iii.
1,000 items

and 


iv.
roughly how long would you expect Selection-Sort to take to sort the original 1,000,000 items?

c
If it takes Binary Chop Search one micro-second (on average) to find one item out of a database of 1,000,000, how long should it take to search through a database of:


i.
2,000,000 items


ii.
1,000,000,000 items


iii.
1,000 items

and 


iv.
roughly how long would you expect Merge-Sort to have taken to sort the original 1,000,000 items?
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a
Explain exactly how merge-sort works.

Do not just write code, explain it in general terms, exactly enough for an intelligent reader to be able to code it themselves.

b
Demonstrate that bubble sort is quadratic and merge-sort is NlogN.

Give a meaningful illustration (in words) of how significant that difference is.

c
Give some circumstances under which bubble sort might be preferable to merge sort.

8
Answer either part a or part b, not necessarily both, and certainly not neither.

a.
What is the (musical) interval between a tone of 100 Hz and a tone of 3200 Hz?


So why should music engineers know two-to-the-power-of’s after all?

b.
Draw around the outline of your hand, and draw faces on each of the fingertips.
