Chapter 8

Arrays
Chapter Objectives

After studying Chapter 8, you should be able to:

· Understand how arrays are used

· Understand how arrays occupy computer memory

· Manipulate an array to replace using nested decisions

· Declare and initialize an array

· Understand the difference between run-time and compile-time arrays

· Load array values from a file

· Search an array for an exact match

· Use parallel arrays

· Force subscripts to remain within array bounds

· Improve search efficiency by using an early exit

· Search an array for a range match

Lecture Notes
Understanding Arrays
An array is a series or list of variables in computer memory, all of which have the same name but are differentiated with special number called subscripts.  Whenever you require multiple storage locations for objects, you are using a real-life counterpart for a programming array.  Each of these real-life arrays helps you organize real-life objects.

How Arrays Occupy Computer Memory
Each variable within an array has the same name and data type and each separate array variable is one element of the array.  Each array element occupies an area in memory next to, or contiguous to, the others as illustrated in Figure 8-1. You indicate the number of elements an array will hold (the size of the array(when you declare the array along with the other variables.

Manipulating an Array to Replace Using Nested Decisions
NOTE:
This particular section will be covering the design of a program that will keep statistics for a recycling drive competition at a high school.  At the end of the recycling competition after all the records have been collected, the file might contain hundreds of records, each holding a one-digit number representing a class and up to a three-digit number representing cans.  It is the job of the program to summarize the total of the cans brought by each class.

Remember when you declare an array you provide a group name for a number of associated variables in memory.  The true benefit of using an array lies in the ability to use a variable as a subscript to the array rather than using a constant, such as 1 or 4.  Within the finish() module of Figure 8-12, the stuClass variable is handy to use as a subscript, but any variable could have been used as long as it was one of the following:

· Numeric with no decimal places

· Initialized to 1

· Incremented by 1 each time the logic passes through the loop

Array Declaration and Initialization
In the can-recycling program, the four count array elements were declared and initialized to 0s in the housekeeping() module.  The count values need to start at 0 so they can be added to during the course of the program.  Separately declaring and initializing each count element is acceptable only if there are a small number of counts.  

NOTE:
Programming languages do not require the programmer to name each of the 30 counts.  Instead, you can make a declaration such as the one represented in Figure 8-13.  

Declaring a numeric array does not necessarily set its individual elements to zero.  To start all array elements with the same initial value, you can use an initialization loop within the housekeeping() module.  An initialization loop is a loop structure that provides initial values for every element in any array.  Please refer to Figure 8-14 as an illustration of a properly configured flowchart and corresponding pseudocode.

Run-Time and Compile-Time Arrays
The array that you used to accumulate class counts in the can-recycling program is known as a run-time array or execution array, because the values that you want to use, the final can counts, are created during the actual run, or execution, of the program.  

Some arrays are not run-time, but rather compile-time arrays.  Remember that compiling is the act of translating a high-level language into machine code (1s and 0s).  A compile-time array is one whose final desired values are fixed at the beginning of the program.  

NOTE:
In the next section, you will begin to explore a Tenant Tracking program.  Please take some time to examine Figures 8-15 and 8-16, which are Tenant File Descriptions.  Also, take a look at Figure 8-17, which is the flowchart and pseudocode for the beginning of the mainline logic.  Include time to examine Figures 8-18 through 8-20, which are flowcharts and corresponding pseudocode for the Rent program.

Please note that rent amounts included in this program are hard-coded into the array, that is, they are explicitly assigned to the array elements

Loading an Array from a File
In this next section, you will be making some modifications to the Rent program that were created in the previous section.  In this program, you might have to initialize 100 array elements.  Additionally, when the building management changes the rent amounts, you must alter the array elements used within the program to reflect the new rent changes.  Please review Figure 8-21, which is the flowchart and pseudocode for the prep() module that reads rents from an input file.

Searching for an Exact Match in an Array
You will be confronted with the challenge of constructing a mail-order business program.    

The technique for verifying that an item exists in a program involves setting a subscript to 1 and setting a flag variable to indicate that you have not yet determined whether the customer’s order is valid.  A flag is a variable that you set to indicate a true or false state.

Using Parallel Arrays
Suppose you have prices for six available items as shown in Figure 8-26.  You could write a program in which you read in a customer order record and then use the customer’s items number as a subscript to pull a price from an array.  However, to use this method, you would need an array with at lest 688 elements.  A better solution to this problem is to create two corresponding or parallel arrays, because each element in one array is associated with the element in the same relative position in the other array.  Please take a look at Figures 8-27 and 8-28 to illustrate this concept.  Please examine Figure 8-29 of the textbook, which is the getPrice() module for the price program.

Remaining within Array Bounds
Please note that the getPrice() module that is illustrated in Figure 8-29 is not perfect.  The logic makes one dangerous assumption: that every customer will order a valid item number.  When you use a subscript that is not within the range of acceptable subscripts, your subscript is said to be out of bounds.  

Ordering a wrong item number is a frequent error.  A good program should be able to handle the mistake and not allow the subscript to go out of bounds.  You can improve the price finding program by adding a flag variable and a task to the getPrice() module.  You can set a flag when you find a valid item in the validItem array.  Please take a look at Figure 8-30, which is the getPrice() module flowchart using a founded flag.

Improving Search Efficiency Using an Early Exit
The mail-order program that we have been discussing in this chapter is still inefficient.  The problem is that if lots of customers order item 006 or 008, their price is found on the first or second pass through the loop.  The program continues searching through the item array, however, until x exceeds the value 6.  A method you can use to fix this problem is something called an early exit, which means a loop is left as soon as a match is found.  This improves a program’s efficiency.  Figure 8-31 shows the final version of the getPrice() module, take an opportunity and examine it with students.

Searching an Array for a Range Match
Sometimes programmers want to work with ranges of values in arrays.  A range of values is any set of contiguous values, for example 1 through 5.  Please take a look at Figures 8-32 through 8-34, which can depict a customer file description, discounts on order by quantity, and usable (but inefficient(discount arrays for the program that is about to be created in this section.  

The approach that is shown in Figure 8-34 has three drawbacks:

· It requires a very large array that uses a lot of memory.

· You must store the same value repeatedly.

· Where do you stop adding array elements?

Figure 8-35 shows a superior discount array.  A discountRange array using the low end of each discount range is shown in Figure 3-36.  When exploring the Discount program, take a look at Figure 8-37, which is the flowchart and corresponding pseudocode for the discount determination.  An alternate approach to this program is to store the high end of every range in an array, then you start with the lowest element and check the values less than or equal to each array element value.

Key Terms
Array – A series or lists of variables in computer memory, all of which have the same name.

Compile-time array – The final desired values are fixed at the beginning of the program.

Early exit – A method of exiting a program once the desired result has been achieved.

Element – Variables or pieces of an array.

Execution time array/run-time array – The array that is used to accumulate class counts.  

Flag – A variable that is used to indicate a true or false state.

Hard-coded – Values that are explicitly assigned to the array element.

Initialization loop – A loop structure that provides initial values for every element in an array

Out of bounds – Subscripts that are not within a range of acceptable subscripts.

Parallel arrays – Elements in an array are associated within elements in the same relative position in another array.

Subscripts – The numbers that differentiate different arrays.

