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Algorithms and

 Developing a Solution Package

Introduction:

This lecture will cover 2 areas of the SDD syllabus.

1. Algorithms, which are part of topic 9.2.2 Planning and design of software solutions, focusing on

· Standard Algorithms for searching and sorting

· Custom-designed logic used in software solutions

· Standard modules (library routines) used in software solutions

2. Topic 9.3 Developing a Solution Package (pp49-51) 

ALGORITHMS

Algorithms are developed during the Planning and designing stage of the Software development cycle.  This is after the problem has been analysed and modelled in the Defining and understanding the problem stage.

What needs to done during the Planning and designing stage is design a solution to the problem.  That is, determine how the problem is to be solved and using the many tools available document the solution.  These tools include algorithm descriptions, system flowcharts, structure diagrams, data flow diagrams and data dictionaries.

Algorithm descriptions are used to show the logic of a solution.  This logic can then be coded in the Implementation stage.  The basics of structured algorithms, are covered in the Preliminary course (p21).  The BOS document Course specifications (available from the website www.boardofstudies.nsw.edu.au) outlines the standard methods for writing algorithms that are to be used in the HSC, including layout and keywords to be used for both pseudocode and flowcharts.

The HSC syllabus (p39) outlines the concept that when creating a new algorithm to solve a particular task, the logic within the solution can be made up of standard algorithms, custom-designed algorithms or library routines.  So when creating an algorithm for a particular problem, you are pulling together existing standard logic and adding your custom-designed logic to come up with a solution.

There are many tasks in programming that are done many times (including sorting and searching).  So instead of having to start from scratch, you can use existing standard logic for those tasks (and in many languages now you don’t even need to code this logic but simply use existing standard modules or library routines).

The standard algorithms listed in the syllabus (p39) include:

· Find maximum and minimum values in arrays

· processing strings (extracting, inserting, deleting)

· File Processing, including sentinel value

· Linear search

· Binary search

· Bubble sort

· insertion sort

· selection sort

For the standard algorithms in the syllabus, students need to learn to (p39):

· recognise the logic in a standard approach (such as a sort or search)
E.g..  Given a sample algorithm, students may need to recognise what it does.
· apply standard approaches as part of the solution to complex problems
E.g..  You may be asked to use one of the standard approaches as part of a solution to a problem.

The logic of the standard algorithms can vary slightly.  How the logic is then implemented can also vary depending upon the language used.

Many of the standard algorithms listed apply to arrays, so some basic information about arrays is needed to be able to explain the standard algorithms. 

ARRAYS

Arrays are a structured data type, which are used to hold a set of related data.  The data held in arrays must have the same data type.  Each data element in the array is indexed and data is accessed through its position in the array using this index.

An array is best thought of as a list or table (grid) of data


e.g. 
You could set up an array called Team to hold the names of a baseball team, with 9 storage locations each holding a string




Team
index
1
2
3
4
5
6
7
8
9

Team
Fred
Mary
Bill
Phil
IT
Phip
Jack
Jill
Bob

So to access the array team, you use the variable name (Team) and the position in the array (index)


e.g. 
Print Team (7) 

would print ___________


better still you can use another variable to hold the index value


e.g. 
index = 8



Print Team (index)

would print ___________

Finding maximum and minimum values in arrays

Finding a Maximum value

Standard logic
Algorithm description of standard logic

Given an unsorted indexed array

1. Need a variable to hold the index of the max value (this index will not hold the max value but hold the index of the max value)

2. Set the max index variable to the index of first element in the array

3. Check each consecutive element in the array to see if is larger than the current max value held.  If it is change the max index variable to the index of that element

4. When the end of the array is reached, the max variable will hold the index of the largest value
BEGIN


maxindex = 1


count = 0


WHILE not end of array



count = count + 1



IF Array(count) > Array(maxindex) THEN




maxindex = count



ENDIF


ENDWHILE


PRINT Array(maxindex)

END



So now you have the standard logic for finding a maximum value you can apply it to an example.

Activity

Write an algorithm that will find the maximum value of the array Temperature.

e.g. Temperature

Index
1
2
3
4
5


13
11
7
32
-4

Complete the algorithm:

BEGIN


index = 0


count = 1


WHILE _______________



index = index + 1



IF ​​​​​​​​​​​​​____________(index) > ____________ (count) THEN




count = index



ENDIF


ENDWHILE


PRINT ____________ (count)

END

Activity

What would you need to modify to find the minimum?

Processing strings (extracting, inserting, deleting)

Strings are data types that hold a number of characters together (e.g. a string of 10 characters).  There is standard logic for extracting data from a string and inserting and deleting characters  (in some programming languages this logic has been replaced by library functions within the program, which enable you just call the function rather than actually coding the logic).

E.g. Deleting a character from an array. If you had a string of characters and you wanted to delete one of the characters from the middle then you had to create this logic.

Standard logic
Algorithm description of standard logic

1. Locate character to be deleted

2. Move all character to the right of this character one position to the left one at a time until the end of the string is reached


String(size of string)

Locate position of  the character to delete

WHILE not end of string


Move string(position+1) to string (position)


position = position + 1

ENDWHILE

File Processing, including sentinel value

An example of this is where data (records) are copied (read) from a sequential data file (secondary storage) into an array (primary storage) for use by the program.

An example of a sentinel value is an end of file (EOF) character, which is at the end of a data file.  The sentinel value is used to signal the end, in this case, the end of data in the file.

E.g. File processing to get data from a data file into an array.

Standard logic
Algorithm description of standard logic

1. Set file to read and to first data item

2. While data in the file is not the EOF character continue

3. Copy the data item in the file to the array

4. Move to next data item. and increment array

5. repeat point 2


Set file to read and to first data item

index = 0

WHILE NOT EOF


index = index + 1


Array(index) = data at current position in file


Get next item in file

ENDWHILE

Linear search

The linear search logic is seen within many other standard algorithms.

It is typically used to find a particular value in an unsorted array

Standard logic
Algorithm description of standard logic

1. Enter in the value to search for

2. Start from one end of the array.

3. Check each consecutive element in the array to see if it is equal to the search value

4. Stop the search when the value is found or the end of the array is reached.

A boolean value is sometimes used if printing out if the value was found or not.
BEGIN


Get value to find


index = 0


found = false


WHILE found = false AND Not end of array



index = index + 1



IF Array (index) = value THEN




found = True



ENDIF


ENDWHILE


IF found = True THEN



PRINT Team (Index)


ENDIF

END

Binary search

This is typically a quicker search than a linear search.  The array that it is to be used on MUST be sorted.

Standard logic
Algorithm description of standard logic

1. Enter in the value to search for

2. Find the middle index in the array and compare the value to the search value.

3. Either, the value is found, or
the search value is above or below the middle value. 

4. If above the middle, set the bottom value to the middle, or
if below the middle value, set the top value to the middle.

5. Continue the above process until either, value is found or 
there are no more elements to check.

Note: A boolean value is sometimes used if printing out if the value was found or not.
BEGIN


Set lower to first index


Set upper to last index


found = false


Get value to find


WHILE found = false AND lower < upper



middle = integer part of (lower + upper)/2



If value = array(middle) THEN




Found = true




PositionFound = middle



ELSE




IF value < array(middle) THEN





upper = middle – 1




ELSE





lower = middle + 1




ENDIF



ENDIF


ENDWHILE


IF found = true THEN



Display PositionFound


ELSE



Display item not found


ENDIF

END



Activity

Use the above logic for a binary search in the following problem

Problem:  Create a search to determine if any student gained exactly 49% in a test.  The results are held in an array called results, which has 20 student’s marks.

Sorts

There are three standard sorts in the syllabus: bubble, insertion and selection.  There are other standard sort used in industry including quick sort.  The sorting algorithm used in a particular problem depends on the data to sort, including the amount of data to sort and whether the data is partially sorted or random.  Each sort is best suited to different situations.

Bubble Sort

Standard logic

The bubble sort works by:

1. starting at the beginning of the data,

2. checking pairs of data to see if they are in the correct order, if not they are swapped.

3. moving to next pair of data and repeating step 2, until end of data is reached.

4. When end of data is reach decrement the end of data.

5. Repeat steps 1 to 4 until data is sorted.  This is where the logic of the bubble sorts can vary, it can either

· stop when the end of data reaches the start of the data (example 1), or

· stop when in one pass through the data (steps 1 to 4)  nothing is swapped
e.g. all in order , (example 2)



The logic of the bubble sort (see next page) will vary depending upon whether you are doing an ascending or descending sort and whether you are starting from the left (beginning) or the right (end).

Activity

Show how the ascending bubble sort works on the following set of data

5
7
1
4
2

























































































































The following example bubble sorts are doing an ascending sort on an array

Example 1
Example 2

BEGIN


Set End to last position


WHILE End > first position



Set current to first Position



WHILE current < End




IF array(current) > array(current + 1) THEN





Temp = array(current)





array(current)= array(curent+1)





array(current+1) = Temp




ENDIF




Increment current



END WHILE



Decrement End


END WHILE

END
BEGIN


Set End to last position


Set Finished to false


WHILE finished = false



Set finished to true



Set current to first Position



WHILE current < End




IF array(current)> array(current + 1) THEN





Temp = array(current)





array(current)= array(curent+1)





array(current+1) = Temp





Set finished to false




ENDIF




Increment current



END WHILE



Decrement End


END WHILE

END

Activity

Compare and contrast the above two bubble sorts.

Developing a solution package

The aim of the topic 9.3 Developing a solution package is to apply the knowledge from the rest of the syllabus to work through the system development cycle on a real problem.  Project management, communication skills and working with others is also covered.

You need to be able to use the experience of undertaking a project, to put the whole software development cycle in context.  Your project should enable you to experience the issues and problems of project development and management.

You may be required to answer questions relating to your project in the HSC.

Issues and questions from your project could include:

· Managing a project, 

· Project management techniques

· Dealing and communicating with clients, users, other team members.

· Documentation of a project

· For the client, 

· Information gathering documents, e.g. questionnaires, prototypes

· Formal reports, e.g. Project proposal, fully document design

· User documentation, e.g. online help, user manuals

· Technical documentation, e.g. technical documentation, internal documentation

· For the development team/yourself (also used by management (teacher) to check keep track of progress)

· Planning documentation,

· Project planning

· Gantt charts

· Logbooks

· Documentation of the solution

· Idea generation

· Modelling the system using diagrams

· Interface design

· Fully documented design of the system

· Testing

· Fully implemented solution

Question 21 parts (a) and (b) is an example of questions where you can use your experience with your own project in the answers

Question 21
Marks

(a) Process diaries and CASE tools are both used during the software development cycle. At which point in the software development cycle is each likely to be utilized and for what purpose?


4

(b) (i) 
Describe the importance of identifying tasks to be undertaken and allocating resources in a project management plan.


4


(ii)
During the development of any system, software and documentation frequently require modification.  Explain the importance of version control.


2


(iii)
Draw a Gantt chart that documents the major milestones of a project you have completed.  Include details specific to your project.
3
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