Part 2 Introduction to Structured Programming

Chapter 6 Introduction to Arrays and Structures
 

In this chapter, you will learn how to:

· Recognize the importance of the arrays to logic models and programming. 

· Define arrays, identify the benefits of arrays and recognize the terms used to implement arrays. 

· Apply the use of arrays in a logic model and PYTHON Program. 

· Recognize application operations which can be effectively implemented with arrays (searches and sorts). 

· Define Structures, identify the benefits of Structures and recognize the terms used to implement Structures 

 

Adding more flexibility to our programs with Arrays 

 

 

So far in our coverage of variables, we have established a relationship where typically one variable stores one value. This relationship has served us well to this point but it is now time to look at a scenario where one object variable can potentially reference several values. Arrays and Structures allow us to implement this relationship. To be able to store multiple values with a variable of the same name gives our program scalability and flexibility that cannot exist if we restrict our programs to a one variable one value relationship.

 

Establishing a one to one relationship between value and variable worked well because we could determine the number of variables needed at design time. Design time is that phase of the program development process when we are creating logic and coding it into a programming language statement. When we are working in design time, we are estimating the number and type of variables needed to build the program. Having only design time to declare variables is limiting because sometimes it is not possible to estimate the number of variables a head of program execution. Using arrays and structures will allow us to manipulate values known only at the time we execute our program. This flexibility is essential in building logic where the number of variables is only known at run-time.

 

Arrays: An array is a data structure which holds a collection of values all of the same data type and referenced under the same name. The values stored within the array are called elements of the array and are accessed via their subscript. The subscript acts as an integer address uniquely identifying the each of the elements. Arrays have all element values physically stored together in memory.

Structures: A structure is the data structure that allows values of different data types to be stored together as a structure. This is much like fields are combined to form a record (i.e. the employee structure would hold name, address, dept no. and salary values of a single employee as a unit). A structure is stored physically within a computer’s memory much like an array but grouped with the other fields belonging to the structure.

 

 

Design Time: Design time is the phase in programming development when the programmer is creating the program logic and implementing it into programming statements. Typically, this is the time when the name and number of variables are decided and set for the of the program. When you design and code logic and programs at design time the assumption is that you can predict the number of variables required in your program. Variables, arrays and structures can be declared in design time. 

Run-time: Represents the time when you are executing and interacting with the program. A run-time array is one that is declared and assigned when the program is executed. The number of elements and their values can be determined by input from the user or from program logic.

 

Let’s illustrate how an array can make our program more flexible by reviewing the following scenario. Let’s say you are a teacher that teaches several classes in the computer information systems department. The classes are the same but each of the classes has a different number of students. For each test, you like to gather all the test scores and calculate a class average to share with your students. In a program that does not use arrays, you would need to create a number of variables that would represent each test score, input from the keyboard the score of each student and finally add those variables together and divide by the count to calculate the class average. This program is not a difficult one to build and one that would be very easy for all of us to solve given the concepts learned in chapters one through five.

 

Because each class has a different number of students, the class average logic becomes more complex. How many variables should I create in my program to capture test scores? Since I have classes that have 10, 25 and 20 students respectively, should I create a program that captures the largest class (i.e. 25 students)? I will certainly need one variable for each student. A program that calculates the average for 25 students would work wonderfully for my class of 25 but would not work for either my class of 20 or my class of 10. When the program with 25 student variables is executed, it will ask for 25 test scores. If I only had ten students, to complete the program, I would have to register a score of zero (or some other score) for the 15 scores I didn’t have. This would not work out very well for calculating the correct average. I would not return a calculation even close to the true average.

 

For this particular scenario, an array offers us a more flexible solution. An array is a collection of variables of which all share the same name and the same data type. A program to calculate class average (that uses an array) could ask the teacher first how many students are in their class at run-time and then size the array accordingly so that each student would have their own element to store their test score. Arrays, unlike variables, can be sized and declared at run-time and adjusted to fit the requirements of the program logic.

 

Another advantage to using arrays is when program logic dictates and unusually large number of variables. Declaring and using large numbers of variables make the program harder to maintain and potentially more prone to errors. Assigning blocks of variables via an array offers the same kind of efficiency we took advantage of earlier with repetition structures. Whereas we argued that the repetition structure reduced the number of program statements, arrays can reduce the number of different variable names we need to maintain in our programs. We can now look at the variables as a block and use the array subscript to move through the block and conveniently access potentially hundreds of variables. All with the same name but differentiated with the subscript.

 

New Data Structure Objects Formally Introduced

 

Both arrays and structures also represent a departure from variables. A program variable is no more than a name that represents an address in our computers primary memory. When we call the variable name (also known as a primitive variable) the system is translating that name into a memory address. The system automatically returns to us the value stored at that memory location whenever the variable is called or has a value assigned to it.

 

 

Programming Tip: A variable refers to a primitive data type. Primitive data types hold the value (numbers or characters) of the variable at a location in computer memory. An object variable holds the address of the block of memory that stores the objects values (or a series of primitive data types). Arrays and structures are objects and not primitive variables

 

With both structures and arrays, we are no longer referencing a single value in memory but many values stored together under the same name. Because of this, the referencing of arrays and structures require a different approach. We still reference arrays and structures by name but instead of the value being associated with the variable, the variable name now holds the address in memory where the array or structure can be located.

 

If you stop to think about this, it does make sense. With a variable we know that the number stored in that variable can only be so large. Maybe we need just four bytes to store even very large numbers. In the case of an array, what if we had 1000 numbers? If these numbers were a data type of integer, then perhaps the amount of memory needed would be 4000 bytes (4 bytes times 1000 values). Perhaps the next time we created an array, we only had ten elements and thus for this execution 40 bytes (4 times 10) would serve us fine. Can you see how the amount of memory needed is not known at design time so it is not practical to use a primitive data type with its set size but instead an object which can be sized accordingly.

 

You will see this concept of objects versus primitive data types addressed again as we get into object oriented programming and class objects. Spend some time with the diagrams provided that show graphically the relationship between both a variable in computer memory and an object variable in computer memory.

 

 

Introducing Arrays

 

Arrays are specialized data structures which allow us to build a collection of variables. The variables in this collection are called elements and they’re all referred to by the same array name. What differentiates the elements in the array is a subscript or index. The subscript acts as an address to uniquely identify each element in the array. For most languages, the size of the array or the number of elements it may hold is set when the array is declared. The size of the array cannot be changed (however, you can copy smaller arrays into larger arrays.) In addition, most programming languages require that all of the elements in the array have the same data type. In other words, if the array is of type number all of the elements must also be number values. Arrays are not restricted to just numbers and characters. Arrays may also contain elements of other data types like arrays, structures or objects (i.e. an array of arrays or an array of structures).

 

Element: An element is the name given to one of the values stored in the array. If the array is declare and store 5 values, it is said to have 5 elements. The number of elements is determined when the array is first declared.

 

 

Programming Tip: Programming languages have different ways of implementing array declaration and manipulation. Before coding your array, you would be wise to consult the programming reference for the proper technique in implementing arrays for that language.

Programming Tip: An integer is a whole number that has no reminder (or decimal).

 

Subscripts: A subscript is an integer that uniquely identifies each element in the array. Subscripts typically start at 0 and increment by one until the last element. The subscript is identified after the array name in inside square brackets “ ” or parenthesizes “( )”. Subscripts are also commonly referred to as indices by some programming languages.

 

Reasons for Using Arrays

 

There are many reasons for using arrays in your programs. The four most compelling reasons for using arrays would be:

 

1. Not knowing the number of variables needed until runtime 

2. For a large number of variables that would be difficult to assign unique names 

3. A requirement to implement a search or sort mechanism within your program logic or 

4. A need to improve program performance. 

 

In addition, many programmers will use arrays as an alternative to variables out of personal preference. Each individual element of an array is identical to the variables (i.e. primitive data type) we have discussed so far.

 

Flexibility of Arrays

 

As already noted, one of the most beneficial features of arrays is the ability to set the number of variables at run-time. As the above example illustrates, the averaging of test scores with arrays creates a much more flexible test averaging program. Being able to set the number of elements at run time provides a very important feature not available with just variables. This feature makes a tremendous difference in the flexibility of the programs we can create.

 

In addition, many times an array is helpful when a large number of variables are need but when naming those variables uniquely would be a problem. Assigning variable names for fifty state codes would be much more difficult with primitive variables (i.e. state1, state2, state3, etc.) than as an array that hold the fifty state codes as elements (i.e. stateCodes50).

 

Searching and Sorting

 

When our programs need the ability to search through large a number of values or sort in ascending or descending sequence a large number of values, arrays offer us a flexible and efficient way of implementing program searches and sorts. Using repetition structures to take advantage of the incremental nature of subscripts and the fact that arrays hold values together in memory, combine to make arrays a very efficient way of searching and sorting data.

Performance

 

For many programmers, one programming trick which has long been a favorite for increasing the performance of a program is the use of arrays when data needs to be frequently accessed by the program. For many programs, tables of data need to be loaded to correctly calculate or look up parameter values. This data could be accessed from a file system existing in secondary storage (I,e, a hard disk) or from an array existing in primary storage (i.e. computer internal memory). If the data is searched from a disk file the access time will be in milliseconds. This is to be contrasted with the access time of computer memory which is measured in nanoseconds. That difference in time, although small, can significantly impact the speed of your executing program.

 

Introduction to Array Terms and Concepts

 

Like all computer topics, arrays have their own set of terms and concepts that we must review before starting to include arrays in our logic models and programs. Even though there are differences in implementing arrays across different programming languages, there are certain terms that will be found in all environments. I will focus on these common terms and concepts in this chapter.

 

Array Element Defined

 

As mentioned earlier, the values of the array are stored in elements. These elements are identified uniquely by their subscript or index. In the following array, I have graphically represented five elements which each hold a number. For most programming languages, array elements start with a number zero and increase by one the subscripts must be numeric and they must be integer best provide a unique address for each element ( more on this and the next section).

 


 

Figure 1: An Array of Five Integer Test Scores

 

Array Subscripts and Indexes Explained

 

The subscript uniquely identifies the elements of the array. The subscript itself must be unique and for most languages are typically integers. The first element of the array has a subscript of 0 with the other elements each having a subscript one greater than the subscript in front of it (see the single dimension array diagram for a graphical representation of this concept).
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Figure 2: A Single Dimension Array with Elements and Subscripts Labeled

 

Subscripts are typically shown inside brackets next to the name of the array. In the following statement, the value stored in the second element of an array called myArray would print to the display.

 

print myArray(1)

 

 

In Practice: Arrays subscripts start with Zero - One of the more confusing aspects of using arrays is dealing with subscript addresses. For almost all programming languages, the first element of the array has a subscript address of zero. Since for and while loops provide such an elegant mechanism for looking through elements of an array, sooner or later you will all probably encounter the “one over error.” What this error refers to is a situation where you set your loop counter to equal the number of elements in the array. If the number of elements of the array is five, setting the Boolean logic in the repetition structure to the number of elements will take you past (one greater) than the last subscript for the array. When you get to that fifth element and try to display its value, you will have returned to you a runtime error from the interpreter or operating system. The exception returned will point to the fact you have designated a subscript that is out of range. A subscript which is one more than a highest subscript associated with that array. Like the endless loop error discussed in an earlier chapter, this is an error every programmer makes it least once in their programming career. Some of us will admit it still happens on occasion.

 

 

Status Check
Can you define an element and subscript? 
How can arrays help add flexibility to your programs?
 

Declaring arrays

 

When you declare an array, you must identify name and the type of data stored in each of the elements and the number of elements within the array. Some languages, because of the way global scope is implemented, will allow you to declare the array name before the number of elements is declared. This technique of using two statements to declare and build an array in memory is also the way in which class objects are implemented in programs. In pseudo code, I could declare a number array called myArray with five elements as the following:

 

num myArray(5)

 

Programming Tip: A five element array would have subscripts of 0,1,2,3,4 to identify each of the elements in the array.

 

Accessing Array values

 

When working with individual elements of the array, we need both the name and the subscript of the element. If we wanted to replace the value in the third element, which has a subscript of two, we could generate a statement similar to the following:

 

myArray(2) = “test value”

· myArray is the array name 

· the right and left bracket enclose the subscript 

• the equals (=) sign indicates an assignment where the character constant “test value” is stored in the third element of myArray.

 

This next statement would take the value in myArray(2)  (currently with a value of “test value” and store it into a string variable called message.

 

message = myArray(2)

 

Can you see the similarities between a variable and a single element of an array?

 

Multi Dimensional Arrays

 

As you would have seen from the diagram above, a single dimension array (which is what we have discussed so far) looks much like many boxes stacked on top of one another. All single dimension arrays have one column and many rows. It is also possible to create multi-dimensional arrays. The most common of these multi-dimensional arrays are two dimensional arrays which have multiple columns and multiple rows (much like a spreadsheet has rows and columns). In addition, you can also work with arrays that are three and four dimensions but these arrays are difficult to conceptualize and outside what we can cover in this wiki. We concentrate on single dimension arrays in our case studies but we will spend a little time in understanding how single and two dimensional arrays are different.

 

When accessing elements in a two dimensional array, I have two subscripts. One subscript identifies the row and the second subscript identifies the column. Below, I have created a graphic showing a two dimensional array with the array subscripts identified in the diagram.
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Figure 3: A multi-dimensional array diagrammed

 

The declaration of a two dimensional array is similar to a one dimensional array as the code statement below illustrates:

 

oneDimArray[10]
twoDimArray[10][5]

The single dimension array named oneDimArray has ten elements with subscripts 0 through 9. The two dimension arrays of the named twoDimArray has 50 elements with subscripts addresses 0,0 to 4,9. The two dimension array also has subscripts and that start at 0. The difference is in the fact that with a single dimension array you have one subscript and with the Multi-Dimensional array you have at least two subscripts.

 

In regards to assigning a value to a two dimensional array the same rules As with a single dimension array also apply. To store a value of 10 in the 3rd row 2nd column of an array called twoDimArray would look like the following in pseudo code:

 

twoDimArray(2,1) = 10

 

Take note of the subscripts. They are one less than the rows and columns requested above. This is to compensate for the fact that multi dimensional arrays also start with 0 for both the first row and first column.

 

Parallel Arrays

 

Parallel arrays describe a scenario where two or more one dimensional arrays have information related/linked by subscript. In other words, I might have one array of data type number that has five elements all holding a Social Security number. In a second array, I might have five string elements of data type character each holding a person’s name. In the construction of both of these arrays, I made sure that the element from one array was related to the element of the parallel array. For example, the zero subscripts for the array holding the social security number would correspond to a subscript in the second array holding that person’s name. Below, I have created a diagram which illustrates the relationship between these two parallel arrays.
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Figure 4: Parallel arrays graphic

 

A Practical Example of Array Benefits

 

Let’s revisit the scenario used in the chapter introduction, fill in a few more details and then show what this array would look like in a logic model and also in the PYTHON program. For this example and examples which will follow in the wiki, we will start to move away from flowcharting and spend more of our time concentrating on pseudo code and then optionally using PYTHON to validate our pseudo code. As mentioned in an earlier chapter, as our programs become more sophisticated it will become increasingly more difficult to construct flowcharts that will fit on a reasonable of number pages.

 

A Sample Problem to Illustrate the Flexibility of Arrays

 

You’d been asked to create a program for your computer programming instructor that calculates the average test score of the mid-terms she has just graded. Your programming class has fifteen students but she has informed you that this program needs to work for all of her classes. Her other classes have 10 students and 25 students respectively. She needs one program for all three classes and you should design the program so that the teaching assistant can specify the number of students and then input each test score from the keyboard. When the last score has been entered into the program, all of the test scores will be displayed along with the average calculation and the sum of all inputted scores. You have been told that the program needs to include a single dimension array to hold the students scores. The array will enable you to set the number of test scores averaged at run-time. Your solution should include Pseudo code of the logic model and a PYTHON program to validate that the logic will work correctly.

 

Solution Pseudo Code:

 

In the pseudo code example below, we introduce new code to our logic model. Since we have broadened our variables to include array data types, I have created a block of pseudo code dedicated to the variable declaration and initialization. We define an empty array called grades[]. Empty brackets are an indication that the array has not been sized. The brackets are typically the place where subscripts are located.

 

start

declare variables 

char elementCnt

char newMember

num testTotal equals 0

num i equals 0

num grades[]

input “Enter the number of Tests” into elementCnt

for i = 0 to  (elementCnt - 1) 

grades[i] = 0  

input "Enter Score >> “ into grades [i]

testTotal equals testTotal plus grades [i]
i equals 0
 for i = 0 to  (elementCnt - 1)

print “Test Score “ plus i plus “ equals “ plus grades [i] 
print "Total >> " plus testTotal  
print "Average >> " plus (testTotal / elementCnt)
3 - This 
end

- Here the pseudo code identifies an array of data type number called grades[]. This is where the student test scores will be stored as elements. The array is currently empty.

 

- This for loop will ask for input and store the test values within the array. The array size is equal to the number of elements stored in the elementCnt variable. Sizing the array at run-time allows us to run the program with a different number of test scores on each execution. Note the construction of a for loop where the variable i is the incrementor variable. This variable will start at 0 (for the first subscript) and exit the loop when i is one less than the total number of elements. It will exit one less then the total elements because the subscripts start at 0 and not 1 (like elements).

 

- Here we have one final for loop to print the contents of each element in the array along with the print statement for both the test total variable and no one of the test average

 

 

Logic Tip: Up to this point we have conveniently omitted variable declaration from our pseudo code examples. This has been done so that we can place more focus on the actual logic statements but in reality robust pseudo code should include variable declaration. Please take note of the proceeding example and how variables have been defined in the pseudo code program. Pseudo code like most programming languages expects to see variables declined that the beginning of the program and before their used in logic statements.

Status Check
Why must arrays contain elements of the same data type?

What would the subscript of an element on the second column of the three row in a multi-dimensional array?

 

Adding Variables and Arrays Declaration to Pseudo Code

 

Please take note of the above pseudo code. So far in our pseudo code training, the declaration of variables has been conspicuously missing from our logic models. Up until now we have been working almost exclusively with global variables. There has been little need to identify anything specific when declaring variables. Until this chapter, where we’ve introduced arrays and structures, we have been able to cheat a little on variable declaration. We will now want to describe variables in our pseudo code programs.

 

 

You will see a new block of code placed within my pseudo code to identify all the variables, arrays and structures used. If the discussion of modules is still fresh in your mind, you might well be thinking that the declaration of variables and arrays might qualify as a sub-task of the program. This is correct. I could create a module called declareVar variables and include all these declarations within it. A word of warning here, as you will remember from the previous chapter, for many programming languages, declaring variables in a module will make them local and only visible to statements within the module. They must be defined to be visible where they are being used and therefore thought must be made in defining variables as global or local.

 

Related Subject - Dynamic Arrays and Collections - Most programming languages have several structures related to arrays but which have slightly different features available to them. Many languages support a data structure called a vector. The vector is identical to the array and that it has one name, a number of elements, and a rule of all elements containing the same data type but in addition has the flexibility to expand and contract based on the programmers parameters.

 

Still another, and the most sophisticated alternative is a collection, this data structure is dynamic in that it can expand and contract based on the number of elements. It is also more flexible and that it can typically support multiple data types. This means that the first element might be a number and the second element might be a string and the third element might be something different stale. A final advantage to using collections over arrays and vectors is the ability to not only reference elements by their subscript but also by a key value. For example, if I create a collection of employee information, I could select employee number as my key field and use that employee number reference to find that element within the collection. Using keys to access collection elements requires that each key is unique.

 

Modules owned by Object

 

As mentioned earlier in the wiki, an array is actually implemented as an object. An object not only holds data but it also contains methods. Methods are object modules and represent behaviors. In other words, methods are small blocks of code that because of their usefulness or association with that object are included with every object created. What this means, is that when we created our array we also automatically received a series of modules that provide help or assistance and performing some activities associated with that object.

 

For example, most arrays have a property value automatically created which contains the number of elements in that array. This property becomes very useful when creating for and while loops that need to move through only the number of subscripts identified for that array. Rather than relying on the programmer to determine the number of elements in the array, the array length property can be accessed to automatically return the number of elements based on the declaration statement used to create the array. Another useful member of the array object is the copy method which allows us to create copies in memory of our original array so that we may work on the copied values without changing or damaging the initial array.

 

Background Information: Arrays help relate procedural and object orientated programming - As described in our last programming tip, the coverage of modules and procedural programming in chapter five and now the coverage of arrays in chapter six, are moving us still closer to the point where we introduce object oriented programming (OOP). There are many ways to learn about OOP. Many textbooks cover just object orientated techniques and include structured programming in the discussion of methods. Another approach and one that’s used in this wiki, is to take the student to object oriented programming by way of learning about structures and procedural programming first. This approach is one where the students start the learning process with more basic concepts and moves gradually towards more complicated concepts. As we talk about objects in this chapter, and introduce array properties and method, we inched closer to the point where we can discuss how to create our own objects.

 

Using Arrays with Reputation Structures

 

Arrays are uniquely suited for repetitions structures. Because the array contains a collection of elements identifiable by each elements subscript, you can easily create a repetition structure like a for loop or while loop to increment through the subscripts and call each value element by element. The for loop is especially well suited for moving through an array. By definition, a for loop controls loops execution by iteration. Iteration can be described as an activity that increments or decrements a incrementation variable by one. If we begin our for loop at the zero element and increment by one to one less than the total number of elements in the array, we can easily move through the entire array element by element inspecting the values as we loop. Because the subscript contains an integer value, we can use the incrementation variables to identify the subscript. Let’s illustrate with the following example. I have an array of 5 elements. I need to do a linear search of this array which means that I must inspect each element to determine if it the equals the value I am searching for. If the value is found, I would like to know what elements in the array contained this value. Let’s create a pseudo code program to solve this problem. Take special note of the for loop (a repetition structure) and an if statement (the decision structure) and see how they all come together to perform a linear search of a single dimension array.

 

start
declareVariables

num subscript

num myArray = [12,22,23,99]

nun cnt = 0

for  cnt 0 to myArray.Length minus 1)


print “Element” plus (subscript + 1) plus myArray[subscript]  
end

- Here the array uses a pseudo code for statement to loop through the elements of the array called myArray.

 

- This statement concatenates the string literal “Element” to the element number (subscript + 1) and the value stored in the array printing the location and value of the element.

 

There are a couple of items included in this pseudo code program which are new. For starters, I’ve included a logic step called declare variables where the working variables are declared. This includes the numeric array called myArray. With a declaration of this array, I used a coding convention common to many programming languages which allows you to declare the array and initialize its values in one step by declaring the array through the assignment of array elements. This array has five elements with subscripts that will range from 0 to 4.

 

I’ve also used the array length property to help set the upper bound of the looping criteria. Since the total number of elements will exceed the highest subscript by one, I have deducted one from the array length property so that the loop will stop processing when the subscript reaches for. I have also identified the starting point for the for loop as zero so that the first array element is also inspected for the desired value.

 

Programming Tips: For new programmers, using subscripts incorrectly can lead to logic errors. The IDE debugger can be very useful tool in following through the looping process and watching the looping variable along with subscripts change on each cycle. Problems with using looping variables as an array subscripts are common and difficult to spot. Build in IDE debuggers can make the process much easier.

 

When the program executes it will move through the elements, starting with element zero, and compare the value of that element to the number 99. An if statement is being used to determine if a match exists and if it does, the true branch if the if statement will print two lines indicating that the value has been found and where in the list it was found at. Again, notice that in the final print statement I add one to the subscript value so that the number indicating which element held 99 is displayed as an element number and not the subscript. The subscript, since it started zero, would be one off if we counted down the subscripts to the variable that held 99.

 

Array Processing

 

In this section of the chapter I have included several examples of array processing. Like many of the code samples I’ve included the eBookso far, these pseudo code and PYTHON programs represent common uses of arrays.

Linear Search of an Array

 

When we speak of a linear search, we are referring to a program module or block of code that will move through the elements of an array in either ascending or descending order inspecting the contents of each element for a specific value. This process is called linear because it must process beach elements one after the other from the first to the last element. A linear search is very easy to design but due to the fact that the array can not be randomly searched, a linear search can sometimes be slow. For smaller arrays, there’s no question that this is the best approach. For larger arrays, there are other logic blocks, such as a binary search, which would find elements located at the end of the array quicker than if they were being found using a linear search.

 

Pseudo Code Linear Search

 

start
declareVars

myArray = [12,22,23,99]

subscript = 0  

searchValue equals 99
for subscript = 0 to (myArray.length - 1)


if (myArray(subscript)  = searchValue)then


print "Found value" plus myArray(subscript)  


print "at element" plus (subscript + 1)

- The if statement inside the for loop checks the value stored in each element against the search value. If the value is found the true branch is executed and two lines are printed with a message containing location information on the matched value.
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Figure 5: Linear Search Graphic

 

A Bubble Sort

 

A bubble sort is a very useful and functional way of taking advantage of the power and flexibility of arrays. When computer programmers talk about sorting, they’re talking about taking a data set and putting it in ascending or descending sequence. For most computers this is numbers first letter second with both incrementing smallest to largest. The bubble sort gets its name from the way it gets its values in sorted order. A bubble sort takes an array populated with values and bubbles the lowest values to the beginning of the array. It does this by comparing a pair of values. If that it is an ascending sort in the second value is less than the first value and these values will need to be switched in the array. The first element is compare to the second the second element is compared the third the thirties compare to the fourth and so on for all the elements in the array. Since the comparison is only taking place between values next one another this process of comparison needs to take place one less time than the number of values in the array. If we have an array with four values there are not only four pairs of values to compare but also a requirement to do the pair comparisons four times. On the fourth time you can be assured that all values are placed in the correct sorted order.

 

Pseudo Code Bubble Sort

 

start
declareVars

char arrayOfStates equals ["NY", "AZ", "PA", "DE", "AK"]

num arrayElements  

num outerCnt equals 0

num innerCnt equals 0

num tempSwapVar 

num stateValues

arrayElements equals  (arrayOfStates.length  -1)
while (outerCnt < arrayElements)

innerCnt equals 0

while (innerCnt < arrayElements )



if (arrayOfStates[innerCnt ] > arrayOfStates[innerCnt + 1]) then




tempSwapVar equals arrayOfStates[innerCnt]



arrayOfStates[innerCnt] equals arrayOfStates[innerCnt + 1]



arrayOfStates[innerCnt + 1] equals tempSwapVar


innerCnt equals innerCnt + 1

outerCnt = outerCnt + 1
print "Print Array in Ascending Order"
for stateValues to arrayOfStates
    print stateValues

- arrayElements comes from the length of the array minus one and is used to control the outside and inside loop because this number represents the number of pairs and the number of outside iterations. This value is used for both the number of pairs to compare and the number of this the pair comparison must take place to get all of the values in sorted order.

 

- A counter variable is used to control the number of times the pairs are compared.

 

- The inside while loop also uses a control variable to determine the number of pairs to compare.

 

- This if statement compares one array to the next and makes sure they are in ascending sequence. If they are not, they are switched.

 

- The next three statements complete the switch. It stores the switch variable temporarily in a temp variable and performs the switch. Without the temp variable, the switch would not work because one of the variables would be overwritten
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Figure 6: Bubble sort logic showing pair comparisons and iterations

 

Related Information: Different Sorts

 

There are several versions of the bubble sort algorithm. Some versions are more efficient than others in the number of passes required to get the items and sorted order. What is meant by this is that it is possible to have the data in sort in order before all the looping is complete. This happens in situations where the data already exists in a sorted sequence. If you do some further research into bubble sorts and sorting you’ll find some of these alternative algorithms. For this book, which concentrates primarily on fundamental concepts, we will focus on the simplest version of bubble sort one that is still just as accurate in terms of delivering data in ascending or descending sequence.

 

Status Check
How does an array help with applications that need to perform a linear search or bubble sort?
Why is an array more like an object than a primitive variable data type?
 

Cactus Case Study

 

This chapter on arrays has come at a great time. The Cactus Books and Tapes book order application has a requirement which appears to be ideal for implementation using an array. The current application has the user to entering wholesale cost. This is a not something that the customer and the web site will have access to. In the Internet application, the user will click on a book in the click action will identify the item code of the publication. Later in the application, all of the books in inventory will be accessed from a database. At this point in the application, database access is not important but be able to determine the correct cost is. One way to simulate to look up within the database is to use parallel arrays that will take the item code from one array and match it to another array that has wholesale cost. The Chavez sisters have identified five items which are typical of the kinds of products that will be purchased over the Internet. You are to use this information to build parallel arrays.

 

I have included the application as it stands from the previous chapter after modularization. We will create a new module to handle the cost look up. The cost look up will perform a linear search against the item code and then use the subscript to a parallel array holding the item cost to determine the cost.

 

Item Code
1001

09921

23

13123

5544

 

 

Item Cost
$23.50

$4.90

$15.25

$.90

$4.90

 

 

Programming Tip: When it comes to picking a data type for numbers you usually have several choices but you can always have the number stored as a number or stored as a character. You would store as a number if the variable will hold a number that is used in a calculation. If you have a number not used in a calculation, like a social security number, zip code or telephone number, you will want to store these numbers as a character to facilitate string manipulation. Many numbers are “smart numbers” (i.e. phone number has area code, exchange and number) and to be able to look at parts of the number is important. If would be highly unusual to use phone number in a calculation

 

Previous Chapter Pseudo Code Solution after Modularization

 

Below I have taken the pseudo code from the previous case study to be used as a starting point in adding a linear search capability.

 

Start

call declareVariables()

Input WSCost

call customerLoyalty()

call customerQty()

Print salesCalcs(WSCost)
End

declareVariables()

markup equals 1.25

handling equals 5

loyaltyBonus equals 0

quantityDiscount equals 0

custCost equals 0
return

customerLoyalty()

Input custLoyalStatus

If custLoyalStatus = true then 


loyaltyBonus equals 1.5 per cent
return

customerQty()

Input Qty

if Qty >=3 then 

quantityDiscount equals 10
return

salesCalcs(newWSCost)

SubTotal equals newWSCost times markup plus handling 

custDiscount equals subTotal times loyaltyBonus less quantityDiscount

custCost = subTotal less custDiscount
return custCost  

- I have decided to declare all variables in a single module. Module declaration is a sub-task of the entire program and presents an excellent candidate for modularization.

 

- In this pseudo code program, I’ve placed the main logic on the top of the code listing and the functions and the modules below. In the PYTHON program, I have to observe four declaration rules of all modules and therefore have to place the function blocks at the beginning of the program before the main program statements. Different programming languages will have different requirements concerning the placement of modules.

 

New Module Pseudo Cost

 

wholeSaleCost()

searchVar = 0

foundValue = 0

itemCodeArray[“1001”, “09921”, “23”, “13123”, “5544”]

itemCostArray[23.50, 4.90, 15.25, .90, 4.90]

Input itemCode


for searchVar = 0 to 5


if itemCodeArray[searchVar] = itemCode then



foundValue equals itemCostArray[searchVar]

return foundValue
return

- In this part of the program, you see the for loop that performs the linear search. If the search is successful and the value we are searching for is contained within one of the elements, the value is stored in a variable called foundValue and then returned back to the program for printing.

 

Introduction to Structures

 

A structure is a data type that is similar to a multi dimensional array except that has only one row in multiple columns. However, unlike an array, a structure can have columns of different data types. Typically, we use structures in much the same way that we use records in a data file. Just like a record that has multiple data fields a structure has a row with multiple columns. Just as a record exists in secondary storage on some disk media, a structure like an array exists in memory only. We have already discussed the performance benefits of arrays due to the speed in which the computer access is primary storage. The same performance improvements can exist when files are taken from secondary storage and added two structures and primary storage.
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Pseudo Code - Declare Structure and Assign Values to Array

start
declareVars
Structure:order
char CustiD
char ProdID
nun Cost
char OrderDate

order.CustID equals “1”
order.ProdID equals “434”
order.cost equals 10
order.OrderDate = “1/1/2004”

end




 

Figure 7: Simple Structure Graphic and Pseudo Code

 

A common technique for placing a file in memory is to create an array of structures. Look at the graphic of the structure first and see how a structure simulates a file record and then see how an array of structures can simulate a file stored in memory.
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end

declareVars
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char OrderDate

arrayStructures[10]

order.CustiD equals “1”
order.ProdiD equals “434”
order.cost equals 10
order.OrderDate = “1/112004”
arrayStructures[1] = order

order.CustiD equals “2”
order.ProdID equals “543”
order.cost equals 1.45
order.OrderDate = “3/13/2004”
arrayStructures[2] = order





 

Figure 8: Array of Structures Graphic and Pseudo Code

 

 

 

Background Information: When it is “Virtual” - It is very common to hear the word virtual in conversations about programming. The word virtual is used to describe when something has been placed in memory. This is the case when we take files taken from the hard drive and organize them as an array of structures in memory. You will also hear the word virtual to describe hardware that has been simulated in memory. For example, in the past, when an operating system was reloaded from CD or floppy disks; a virtual drive was created in computer memory to speed up the performance of the operating system installation. The drive in memory is a virtual drive and has a letter just like the floppy drive has a letter on a computer. When you hear something described as virtual, you should expect to find that involves placing some component in computer memory.

 

 

Programming Tip: structures are implemented differently in different programming languages. Some programming languages have omitted the use of structures in favor of class objects. Typically, a structure is very similar to a class object that only contains data. Structures are very common in programming languages that are ancestors of the C family of languages.

 

Putting It to Use

 

The intent of this section is to introduce the new programmer to standards and techniques frequently used by professional programmers. Topics in this section relate to concepts introduced in the chapter but with a more vocational or occupational focus for students considering a career in programming.

 

Best Practices: Program Design Patterns - There has been a lot written over the past several years about programming patterns. Most of the discussion of patterns has focused on Java and specifically object oriented programming. Even though this is not a textbook on Java, I believe that the concept of program design patterns has relevance even in procedural programming. Essentially it says that many programs include blocks of code that are common and therefore reusable to many programs. There is a rule called the 80-20 rule which states that 80% of the work takes 20% of the effort and 20% of the work takes 80% of the effort. The idea here is that the common tasks are done much easier and uncommon tasks take most of the time and effort. I would modify the 80-20 rule slightly to make it pertain to design patterns. What I would say is that 80% of the time programmers reuse logic in program code because that code solves a common function. If the programmer concentrates on learning common logic sequences (design patterns), they will undoubtedly be much more effective programmers.
Patterns Discussed in the EBookso far:

 

 

Linear search of an array. (chapter 6) Reading an array with a repetition structure and the array length property. (chapter 6)

 

Bubble sort (ascending and descending) sort of an array. (chapter 6) Counting with a repetition structure. (chapter 4)

 

Loop with flag or sentinel value. (chapter 4) Accumulating with a repetition structure. (chapter 4)

 

Chapter Review

 

Chapter summary, highlights, key terms, short answer questions, quizzes and case studies to reinforce topics covered in this chapter.

 

Chapter Summary

 

After finishing this chapter you should understand and in some cases, demonstrate the following topics:

· Recognize the benefits and importance of the arrays to logic models and programming. 

· Arrays are specialized data structures which allow us to build a collection of variables. This allows us to easily create and reference a large number of variables and also allows us to declare array elements (variables) at run-time. 

**Compelling reasons for using arrays are there ability to:

· Be defined at design time or run time. 

· Allow a large number of variables to be assigned easily and efficiently 

· Useful for programming patterns such as search or sort 

· Improve program performance. 

· Define arrays and recognize the terms used to implement Arrays 

· An array is a collection of variables of which all share the same name and the same data type. 

· The subscript uniquely identifies the elements (individual values) of the array. The subscript itself must be unique and for most languages are typically integers 

· Recognize application operations which can be effectively implemented with arrays (searches and sorts). 

· A bubble sort takes an array populated with values and bubbles the lowest values to the beginning of the array putting the values in sorted order. 

· A linear search allows us to move through the elements of an array in either ascending or descending order inspecting the contents of each element for a specific value. 

· Define arrays, identify the benefits of structures and recognize the terms used to implement Structures 

· A structure is a data type that is similar to a multi dimensional array except that has one row in multiple columns. The columns, unlike an array, can be of different data types. 

 

Chapter Key Terms

 

Arrays

Ascending Order

Bubble Sort

Descending Order

Design Time

Elements
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