 Decision Maths 1
Algorithms

Algorithms are a set of precise instructions to perform a given task.

You can write algorithms as a list of instructions or as a flow diagram.

A list 
(sometimes called pseudo code if written similar to a computer program)

1. Let A = 1

2. Let B = 1
3. Let C = A + B

4. Print “The sum of “, A “ + “, B “ = “, C

5. Stop

A TRACE through this algorithm is a step by step indication of the what has happened when the algorithm is RUN.

	Step
	A
	B
	C
	Action

	1
	1
	
	
	

	2
	
	1
	
	

	3
	
	
	2
	

	4
	
	
	
	Print “The sum of 1 + 1 = 2”

	5
	
	
	
	Stop


The above algorithm performs 1+1 = 2 and then stops. This could be extended to add the first 5 integers by adding a recursive command.

1. Let A = 1

2. Let C = 0

3. Let C = C+A

4. Let A=A+1

5. If A < 6 then go to 3
6. Print “Sum of the first 5 natural numbers is “, C

7. If A = 6 then Stop


Trace

	Step
	A
	C
	Action

	1
	1
	
	

	2
	
	0
	

	3
	
	1
	

	4
	2
	
	

	5
	
	
	Go to 3

	3
	
	3
	

	4
	3
	
	

	5
	
	
	Go to 3

	3
	
	6
	

	4
	4
	
	

	5
	
	
	Go to 3

	3
	
	10
	

	4
	5
	
	

	5
	
	
	Go to 3

	3
	
	15
	

	4
	6
	
	

	5
	
	
	A=6 go to 6

	6
	
	
	Print “Sum of the first 5 natural numbers is 15”

	7
	
	
	Stop

	
	
	
	


A flow diagram or flowchart

The basic shapes used for flow diagrams are :


For example, the last sum of the first 5 natural numbers could be represented as :










Sorting Algorithms

There are several different ways to sort a list of items. Two methods are needed for Decision 1.

Bubble Sort
A bubble sort is a simple but not very efficient way to sort a list. 

The algorithm is summarised below for a ascending order sort:

1. Go to the start of a list

2. Pass through the list comparing adjacent values

3. If the adjacent pairs need swapping, swap them, otherwise leave them alone

4. Once at the end of the list go to 1 if a swap has occurred

5. If no swaps occurred, STOP

It is called a bubble sort as the largest number in the list always “bubbles” to the top after each pass.


The algorithm can be made more efficient by reducing the number of comparisons by one after each pass as the last numbers will already be in order (notice the shaded regions). 
Max no. of comparisons checking all 6 terms = 5 x 6 = 30 checks

Max no. of comparisons ignoring top terms after each pass = 5+4+3+2+1 

  = 15 checks

In general, for n terms, 

max comparisions (no short cut) = n(n-1)

max comparisons (short cut) = ½ n(n-1)

Quick Sort

A quick sort is a more efficient sorting algorithm. This time a PIVOT term is used to split and roughly sort the original list into sub lists that are then in term split and sorted further. 

The PIVOT point can actually be any point in the list, however, for Decision Maths 1, takes the mid point in the list as the pivot in all cases. The mid point of n items will be at position ½ n(n+1) – round up if this is a decimal value.

The Quick Sort algorithm is summarised below for ascending order sort:

1. Select the mid point of the list as a pivot

2. Select all the items in the list (preserving their order) that are less than or equal to the pivot and write them on the left of the pivot

3. Write down the pivot

4. Write down all the items above the pivot on the right of the pivot

5. Ignoring the pivot, repeat steps 2,3,4 on each sub list

6. When all items are now pivots STOP



Binary Search

Binary search is a method of finding a particular item from a list.

1. Start with an ordered list

2. Select the mid point item

3. Compared the mid point item with the search item

4. If the midpoint item = search item STOP

5. If the midpoint item < search item reject all items below the midpoint including the midpoint go to step 3 using the new sub list

6. If the midpoint item > search item reject all items above the midpoint including the midpoint go to step 3 using the new sub list

7. If there is only one item left and it is <> search item then it does not exist in the list. STOP


Bin Packing

Bin packing is a method of arranging different sized items into “bins” of fixed size. There are three different methods used for Decision Maths 1 - First Fit, First Fit Decreasing or Full Bin Packing
First Fit

This algorithm uses the original list in the order given. 

1. Select each item and place in the first available bin than will fit this item.

2. Repeat step 1 until all items are selected or there is no more room in any available bin

Example


This algorithm is quick but not always very efficient.

To improve this, the First Fit Decreasing algorithm can be used.

First Fit Decreasing

1. Sort the list in descending order first

2. Now apply the First Fit algorithm on this new list

Example


Full Bin algorithm

Both algorithms used so far could end up with no or few full bins as items have been placed where they fit and not aimed at filling bins. 

Another version of the Bin Packing is the Full Bin algorithm. This aims to have as many full bins as is possible for the list provided.

1. By inspection, combine items that will fill bins fully first.

2. Any remaining items are then packed using the First Fit or First Fit Decreasing algorithms.

Example


START or STOP





INSTRUCTIONS





DECISION





If C < 6 ?





Let A = 1, C = 0





START





Let C = A+C





Print “ The sum of the first 5 natural numbers is “, C





STOP





Example





Original list : 	1,	7,	8,	9,	10,	12,	16,	21





1. Find the value 8 using binary search ?





�
�
�
�
�
�
�
�
�
Action�
�
Pass 1�
1�
7�
8�
9�
10�
12�
16�
21�
Reject 10 or above�
�
Pass 2�
1�
7�
8�
9�
�
�
�
�
8 = 8 so STOP�
�
�
�
�
�
�
�
�
�
�
�
�



2. Find the value 11 in the list using binary search ?





�
�
�
�
�
�
�
�
�
Action�
�
Pass 1�
1�
7�
8�
9�
10�
12�
16�
21�
Reject 10 or below�
�
Pass 2�
�
�
�
�
�
12�
16�
21�
Reject 16 or above�
�
Pass 3�
�
�
�
�
�
12�
�
�
12 <> 11 so no item found, STOP�
�






Example sort : 	2,	6,	5,	3,	8,	1





�
2�
6�
5�
3�
8�
�
�
1�
Original�
�
Pass 1�
2�
1�
�
3�
6�
5�
�
8�
1 pivot�
�
Pass 2�
�
1�
2�
3�
�
5�
6�
8�
3 pivots�
�
Pass 3�
�
1�
2�
3�
�
5�
6�
8�
5 pivots�
�
Pass 4�
�
1�
2�
3�
�
5�
6�
8�
6 pivots, all sorted, STOP�
�






Example sort : 	2,	6,	5,	3,	8,	1





�
2�
6�
5�
3�
8�
1�
Original list�
�
Pass 1�
2�
5�
3�
6�
1�
8�
3 swaps�
�
Pass 2�
2�
3�
5�
1�
6�
8�
2 swaps�
�
Pass 3�
2�
3�
1�
5�
6�
8�
1 swap�
�
Pass 4�
2�
1�
3�
5�
6�
8�
1 swap�
�
Pass 5�
1�
2�
3�
5�
6�
8�
1 swap�
�
Pass 6�
1�
2�
3�
5�
6�
8�
0 swaps, STOP�
�






Fit the following into 5 bins of size 10 :


4	5	7	4	6	9	3	1	1	3	4


(total of all values = 47 … but have room for a max of 5 x 10 = 50)





Selecting items in order given …





4 5 1�



7 3�



4 6�



9 1�



3 4�
�
    Bin 1 = 10	          Bin 2 = 10	     Bin 3 = 10        Bin 4 = 10	Bin 5 = 7





Fit the following into 5 bins of size 10 :


4	5	7	4	6	9	3	1	1	3	4





First sort into descending order


9	7	6	5	4	4	4	3	3	1	1





Selecting items in this sorted order …


9 1�
7 3�
6 4�
5 4 1�
4 3�
�
  Bin 1 = 10	     Bin 2 = 10	Bin 3 = 10	   Bin 4 = 10		Bin 5 = 7








Fit the following into 5 bins of size 10 :


4	5	7	4	6	9	3	1	1	3	4





By inspection collect together : 


4 + 5 + 1 = 10


6 + 4 = 10


7 + 3 = 10


9 + 1 = 10 


Leaves


3	4	sort into descending order 	4	3





Place combination in bins first, then place remaining items using First Fit decreasing algorithm …








4 5 1�



6 4�



7 3�



9 1�



3 4�
�
    Bin 1 = 10	     Bin 2 = 10       Bin 3 = 10	 Bin 4 = 10	     Bin 5 = 7








Did you know … 


Al-Khwārizmī, Persian astronomer and mathematician, wrote a treatise in 825 AD, On Calculation with Hindu Numerals. It was translated into Latin in the 12th century as Algoritmi de numero Indorum, whose title is supposedly likely intended to mean "Algoritmi on the numbers of the Indians", where "Algoritmi" was the translator's rendition of the author's name; but people misunderstanding the title treated Algoritmi as a Latin plural and this led to the word "algorithm" (Latin algorismus) coming to mean "calculation method". 


(from Wikipedia - � HYPERLINK "http://en.wikipedia.org/wiki/Algorithm#Etymology" ��http://en.wikipedia.org/wiki/Algorithm#Etymology� 28/01/10)





Did you know …


The quicksort algorithm was developed by C. A. R. Hoare in 1962 while in the Soviet Union, as a visiting student at Moscow State University. At that time, Hoare worked in a project on machine translation for the National Physical Laboratory. He developed the algorithm in order to sort the words to be translated, to make them more easily matched to an already-sorted Russian-to-English dictionary that was stored on magnetic tape.


(from Wikipedia - � HYPERLINK "http://en.wikipedia.org/wiki/Quicksort#History" ��http://en.wikipedia.org/wiki/Quicksort#History� 28/01/10)








