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Chapter Twelve


Programmingtc \l1 "Chapter TwelveProgramming
Why Learn This
A program is a set of instructions, or “recipe”, for a computer or computer chip to perform a specified task. Programming is the process of planning and writing these computer “recipes”. Just as there are many different human languages, there are also many different languages in which programs may be written. Some of these languages, with names like FORTRAN, COBOL, BASIC, Pascal, Forth, Lisp, C, C++, and the like, exist purely for the purpose of creating computer programs. Many other programming languages are found embedded in common application software, such as SOLVE, common spreadsheets (1-2-3, Excel, Quattro Pro), or even in word processors (WordPerfect, Microsoft Word, Word Pro, etc.). Although the contexts vary, the essential principles remain the same whether you are writing a large database application in C++ or a keystroke macro in WordPerfect Macro language.

SOLVE, Excel, WordPerfect, and other software packages have large numbers of special functions built in to give the user great power. The built-in programming languages make it easy for you to greatly expand the power of these applications and customize them for your own needs.

In this chapter you will learn the fundamentals of programming, which you will apply to writing small programs (or functions) in a variety of programming environments. The benefits of this skill are that you will save time and effort by not having to do things over again, you will increase the accuracy and reliability of your work, and you will be able incorporate small programs as dependable building blocks in solutions of larger, more complex problems.

Learning Objectives
1.
To be able to construct the set of instructions necessary to meet a given set of specifications

2.
To develop proficiency with a set of programming constructs that include conditional branching, looping, user input, reporting, error control, and data structures

3.
To learn how to test, debug, and validate a program to ensure its quality against performance criteria

4.
To be able to design simple algorithms, functions, and procedures that perform to given specifications

5.
To be able to determine quality of a program based on execution speed, documentation, elegance, reliability, and suitability to task.

Performance Criteria
1.
To do a quality assessment of a program

Measure 1:
Be able to identify 3 of the top 5 strengths and explain why

Measure 2:
Be able to identify 3 of the top 5 areas for improvement and explain how they should be accomplished

Measure 3:
Be able to give 3 quality insights about the program process

2.
To be able to modify a program to meet new specifications

Measure 1:
Leave the program as reliable as it was before modification

Measure 2:
The program’s new features should meet the new requirements

Measure 3:
The program documents what changes were made, when, by whom, and why

3.
To write a program to meet given specifications

Measure 1:
Performance against specifications

Measure 2:
Quality of documentation

Measure 3:
Effectiveness and efficiency of programming skill

Prerequisites
1.
Fundamental understanding spreadsheets, and word processors

2.
Reasonable mathematical sophistication, such as from having completed substantial parts of Chapter Five.

3.
Developed problem solving skills, such as from having completed at least three problem solving activities.

4.
Familiarity with the computer and its capabilities, such as from having completed substantial parts of Chapters Four and Six.

5.
The ability to read and document detailed information about a set of instructions.

6. Note that each activity in this chapter requires the completion of the previous one before starting.

Orientation
The ideas and techniques covered in this chapter will help you to be able to get the most out of the software you already own, as well as make the most effective use of software you may acquire in the future, by making available to you the enormous power of the programming capabilities built into today’s spreadsheets and word processors. And the ability to write programs quickly, especially small, as-the-need-arises ones, will give you a great sense of empowerment and satisfaction.

In this chapter we will explore programs written in four different programming environments: The SOLVE programming language, the C programming language, the WordPerfect( Macro language, and the Excel( Macro language, also known as Visual Basic(.

An easy type of program to write is a recorded macro in a word processor or spreadsheet macro language. These software packages come with the ability to turn on a “macro recorder”, which, like a video camera, simply watches what you do until you turn it off. You can then replay your macro (program) any time you want the exact same sequence of steps.

You can edit macros, inserting or deleting special macro commands. You can also write them from scratch, in the special macro language of your software package. When written this way, the similarity to programs written in conventional programming languages becomes more apparent. In the Information section (below), we show some very simple programs in these four languages.

We also introduce you to a Methodology for Programming a Module, which can help you organize your thinking for maximum efficiency as you write programs.

Information
Here are some examples, with commentary, of some simple programs in various environments.

1. WordPerfect Macro:
Our first example inserts a return address, in boldface, at the current point in a word processed document. It was recorded as a WordPerfect macro using version 6.1 for DOS. A similar macro could be recorded using any version of any popular word processor, and the program would look somewhat different, but the basic effect would be the same. Notice that WordPerfect’s macro language is expressed as a sequence of functions with parameters in parentheses, just like SOLVE functions. A comment (starting with //) begins this macro, to tell us what it does. This macro starts by turning off the display, which simply speeds up the execution of the program, since it doesn’t have to repaint the screen until the macro has finished. To use this macro, you select “Macro” and then “Play” from the “Tools” menu, and then give the name of the macro (in this case, retaddr.wpm).

//   WordPerfect macro named ‘retaddr.wpm’, displays a return address in boldface.

DISPLAY(Off!)

AttributeAppearanceOn(Bold!)

Type("K. Smoots")

HardReturn

Type("1 Park Avenue, Apt. 17")

HardReturn

Type("Springfield, KY 00001")

AttributeAppearanceOff(Bold!)

HardReturn

In use, this macro produces the following result:

K. Smoots

1 Park Avenue, Apt. 17

Springfield, KY 00001
2. Excel Macro:
Our second example widens the width of the C column in an Excel spreadsheet, then inserts a name, “Progress Report”, and the current date in cells C1 through C3. This was also recorded using the built-in macro recorder in Excel. Note that Excel automatically includes explanatory comments at the top of the macro, places the macro itself between a ‘Sub’ statement (which gives the name of the macro as ‘header’) and an ‘End Sub’ statement, and includes current default formatting information between a ‘With’/’End Width’ pair. The style of the language is different from that of WordPerfect, but both languages can do similar things. You play this macro just the way you would a WordPerfect macro.

'

' Header Macro

' Macro recorded 2/8/97 by E. Myrvaagnes

' Puts a header at the top of a spreadsheet.

'

'

Sub Header()

    Range("C1").Select

    Selection.ColumnWidth = 15

    ActiveCell.FormulaR1C1 = "K. Smoots"

    With ActiveCell.Characters(Start:=1, Length:=9).Font

        .Name = "Arial"

        .FontStyle = "Bold"

        .Size = 10

        .Strikethrough = False

        .Superscript = False

        .Subscript = False

        .OutlineFont = False

        .Shadow = False

        .Underline = xlNone

        .ColorIndex = xlAutomatic

    End With

    Range("C2").Select

    Selection.Font.Bold = True

    ActiveCell.FormulaR1C1 = "Progress Report"

    Range("C3").Select

   ActiveCell.FormulaR1C1 = "=TODAY()"

End Sub

In use, this macro produces the following result in an Excel worksheet: Column C is set to a width of 15, and the following appears in cells C3, C4, and C5:

K. Smoots
Progress Report
    2/8/97

3. SOLVE Function:
Our third example is a user-defined function in the SOLVE language that converts temperatures from Fahrenheit to Celsius. In SOLVE, a function is defined between a “function”/“return” pair. The first parameter to “function” is the name of the function, in single-quotes (‘), and any other parameters are variable names whose values are being passed to the function for it to work on. The single parameter to the “return” statement is a value passed back that is treated as the value of the function. The simplest way to use this function in SOLVE is to type its name, with a numeric argument. If you type the SOLVE command ftoc(68), for example, SOLVE will display the computed value 20. Functions like this can also be used inside other computations or to produce large tables with little effort.

function ('ftoc', F)

        ; This function, when give a temperature in Fahrenheit, returns the

        ; corresponding temperature in Celsius.

        local(C)

        C = (F ‑ 32) * 5 / 9

return(c)

In SOLVE, if you have already defined this function, giving the command

ftoc(68)
will produce the value 20, and giving the command

C = ftoc(68)
will assign the value 20 to the variable C.

4. C program:
Our next example is a short, but complete, program in the C programming language that also converts from Fahrenheit to Celsius. Instead of being a function, this example asks the user for input, and then displays the converted temperature. The first line is an explanatory comment (compare the notations for comments in the other three examples). The next line is a standard item in all C programs that simply incorporates into the program a collection of input and output routines. The program proper has the internal name of ‘main()’, with no parameters. The executable code is then located between braces {}. Note the odd names for input and output (scanf and printf), and note the semicolon at the end of almost every line.

/* Program to convert a Fahrenheit temperature to Celsius. */

#include <stdio.h>

main()

{

float f, c;

/* Defines storage for two floating-point variables. */

printf("Enter a Fahrenheit temperature: ");   /* Asks user for input   */

scanf("%f", &f);
/* Takes in floating point (%f) value, stores in variable f */

c = (f ‑ 32.0) * 5.0 / 9.0;
/* The same computation */

printf("\n%.2f degrees Fahrenheit is %.2f degrees Celsius.\n", f, c);

return;

/* Line above displays results, formatted. */

}



/* Program ends with a ‘return’ statement and end-brace. */

When you write a program in a general-purpose programming language like C, you then must compile and link the program. The C compiler/linker processes your source code and produces a stand-alone, executable program, called ftoc.exe, or a.out (on most UNIX systems) that can be run by itself, without other software present. Our other examples require WordPerfect, Excel, or SOLVE to run them. To run ftoc.exe or a.out, you type its name, without the extension, at a DOS or system prompt. A sample run on a DOS system might look like this:

C:> ftoc

C:> Enter a Fahrenheit temperature: 68

C:> 68.00 degrees Fahrenheit is 20.00 degrees Celsius.

C:>
5. A User-defined Function in a C program:
User-defined functions can be incorporated very usefully in larger programs. The easiest way to build successfully large, complex, and powerful programs is to build them up out of smaller, carefully tested, functions and procedures. To illustrate the use of a function in another program, we will rewrite the C program from example 3, putting the temperature conversion formula into a separate function that is called by the main program. Similar techniques can be used with word processing or spreadsheet macros or with SOLVE programs. In this version of the program, the main program will be called ftoc2, and the definition of the function, called ftoc(), appears below the end of the main() function. In the main() function, the conversion function is invoked by giving its name with the desired parameter value passed as a parameter.

#include <stdio.h>

/* This version uses one function, which is called by the main program. */

float ftoc(float);
/* This asserts that there will be a function   */

/* definition later on, called ftoc(), which    */

/* takes a 'float' value as a parameter, and    */

/* which returns another computed 'float' value */

main()

{

float f, c;

printf("Enter a Fahrenheit temperature: ");

scanf("%f", &f);

c = ftoc(f);
/* Pass the value of f to the function ftoc, */

/* which passes back a value to be stored in c */

printf("\n%.2f degrees Fahrenheit is %.2f degrees Celsius.\n", f, c);

return;

}

float ftoc(float fahr)

{

 /* This function does the conversion from F to C. */

 /* Note that it uses its own names for variables and parameters, which */

 /* need not be the same as the names used in main(). */

float cels;

cels = (fahr ‑ 32.0) * 5.0 / 9.0;

return cels;
/* send back the computed value of cels to the */

/* calling program.  */

}

Information on Programming Contexts
1.
Word Processing and Spreadsheet Macros
Use the help system to find out how to (1) record, (2) stop recording (and save), (3) run, and (4) edit a macro. While recording, you can use any normal features of the software, such as moving to particular locations in the document/worksheet, typing in text or data (or spreadsheet formulas), changing formats or fonts, etc. There is usually a way to ‘single-step’ through your macro, executing it one step at a time, which is very useful for locating errors. There may be a list of special macro commands available which you can insert while editing your macro. And there may be special rules to follow for naming your macro. In a spreadsheet, navigation is in terms of cells instead of rows and line position, and it will have special rules about entering numeric vs. text data vs. formulas in a cell.  All of this should be explained in the help system.

2.
Programming in SOLVE
SOLVE, like some other programming languages, distinguishes between Functions, which always return one value, and Procedures, which do not. Either type is defined in your SOLVE Workspace by starting with a FUNCTION or PROCEDURE command, then a sequence of executable SOLVE commands, concluding with a RETURN command. The initial FUNCTION or PROCEDURE command includes a name for the function or procedure as well as specifications for any parameters to be passed to it. Once defined, a function or procedure can be invoked later on by simply giving its name, with appropriate values specified for each required parameter.  Functions usually occur on the right side of assignment statements. Functions and procedures defined this way may also be invoked inside other functions and procedures that you define.

Look up in the Help system how to name a function or procedure and how to pass data (parameters) to it. Useful keywords to look up in Help are: Function, Procedure, Return, Local, Program, and Logic. Some other SOLVE commands that are often useful in programs are Askname, Askquestion, Askvalue,  Message, For ... Do ..., If ... Then ..., Pause, Wait, Tjoin, Ttoword, Output_mixed, and Testargs.

3.
Programming in C, Pascal, or Other Standard Programming Language
We will only discuss C here; other languages have similar requirements and procedures. To program in C you will need a C compiler/linker and instructions for its use. Ask your instructor if your system has one available.

You prepare a C program using a plain text editor (if you use a word processor, you must be sure to save the program in standard ASCII format, and not the usual word processor format). The extension on the file name must be .C to tell the compiler that this is the source code for a C program. You then run the compiler/linker, giving your source code file as input. If there are no errors reported, the output from the compiler/linker will be an executable program file, typically either with the same name as your source code but with an .EXE extension, or else with the name a.out (on most UNIX systems). Here is a ‘skeleton’ of a typical C program, with a brief explanation of the most important parts. This one has two functions called by the main program, one called func1, which requires one floating-point parameter and which returns a floating-point value, and the other called func2, which requires two integer parameters and which returns an integer value.

If you run this rather meaningless program, giving it input values of 5 and 7.5, it will produce the following output:

Enter an integer: 5

Enter a floating point number: 7.5

Final results are 20 and 35.70.

Here is the program that produces this output:

/* Comments, like this, can be enclosed inside ‘slash-star’ and ‘star-slash’ pairs.*/

#include <stdio.h>
/* This magic incantation is needed to allow input and output. */

float func1(float);
/* These two lines are ‘function prototypes’: they announce */

int func2(int, int);
/* that functions of these types will be defined later.     */

main()

/* The main function in a C program must always be called ‘main’ 
*/

{


/* The executable statements in any program or function must be 
*/

/*  surrounded by curly-braces {} 





*/

int x,y,z;
/* These lines declare 3 integer variables, two floating-point 
*/

float v,w;
/* variables, and one variable which can hold a single character. */

char c;

x = 3;
/* Here, values are assigned to variables. 



*/

y = x * 4 - 7;

v = 17.0 / 3.0;

c = ‘M’;

printf(“\nEnter an integer: “);  /* printf is for output; ‘\n’ means new line */

scanf(“%d”, &z);
/* scanf is for input. “%d” means input one integer, and 
*/

/* &z means store the input value in the variable called z. */

printf(“\nEnter a floating point number:”);
/* Note ; at end of each line */

scanf(“%f”, &w);
/* “%f” means input one floating-point number. 


*/

x = func2(y, z);
/* Integers x and y are passed to function func2, and the   */

/* result is stored in the variable called x. 


*/

v = func1(w + 3.3);
/* Parameter can be calculated!               
      */

printf(“\nFinal results are %d and %.2f.”, x,v);
/* The (integer) value  */

/* of x will be inserted in the output string exactly where %d appears, */

/* and the (float) value of v will appear where %.2f appears. The .2    */

/* between the % and the f means to display 2 decimal places.         
*/

return;
/* Always end with a ‘return’, and a closing brace: }.

*/

}

/*
Here are the definitions of the functions:





*/

float func1(float fparm)

{

float k;
/* This is a local variable, visible only inside this function. 
*/

k = 3.5;

return (k * fparm - 2.1);
/* Result of this computation is passed back to */

/* the function which called this one. 

*/

}

int func2(int number, int counter)

{

int amount;

amount = 3 * number + counter;

return (amount);

}



/* This ends the second function, and the entire program. */

Resources:
1.
For Word Processor or Spreadsheet Macro Programming
You will need a word processor (such as WordPerfect, Microsoft Word, Lotus Word Pro, etc.) or a spreadsheet (Excel, 1-2-3, Quattro Pro, etc.). The built-in help system will contain most or all of the information you will need to begin programming. A user manual or third-party tutorial or reference book is often helpful, especially when you begin exploring advanced features.

2.
For Programming in SOLVE
You will need the SOLVE software. The built-in help system will contain all of the information you will need to begin programming. The user manual may also be helpful, especially when you begin exploring advanced features.

3.
For Programming in C, Pascal, etc.
You will need a compiler/linker for your chosen language. The built-in help system for a compiler usually does NOT give information about the details of usage in the language; it usually only tells how to use the compiler and linker and any associated editor or utility programs. For information on the language, you will need a tutorial or reference book, especially when you begin exploring advanced features. For simple programs, you may be able to get by with a handout from your instructor (ask!).

	Methodology for Programming a Module
By following the methodology we describe here, you can save much time in designing and writing programs, and increase the likelihood of producing error-free programs with a minimum of effort.

Step 1 -

Clearly define the specifications for the module

Step 2 -

Identify the user inputs or control decisions in the module

Step 3 -

Identify what and how the results need to be reported

Step 4 -

Describe the algorithm to be used

Step 5 -

Identify the major components to the module - e.g. data structures, the major iterations, conditional branching, and error control check points

Step 6 -

Sequence the major components from beginning to end

Step 7 -

Construct the data structures 

Step 8 -

Build the input mechanism

Step 9 -

Build the reporting mechanism

Step 10 -
Construct the remaining components in sequence documenting and testing their results

Step 11 -
Test, debug, and validate the integrated program, building in the error control issues

Step 12 -
Review the entire program for cleanup and presentation to others




Discussion of the Methodology
A Simple Example
Scenario: Susan, in her first semester at a State University, wants a simple program that she can use to find out what her grade point average will be for her first semester. She wants it usable by her friends as well. Susan considers using the Excel spreadsheet software or a C compiler, both of which are available to her. She decides on the C compiler in order to gain more experience with the C language.
Step 1 -
Clearly define the specifications for the module

She should be able to type in her anticipated course grades together with the number of credits each course gets, and see displayed the resulting GPA.

Step 2 -
Identify the user inputs or control decisions in the module

User inputs will be:

The number of courses she is taking,

The numeric equivalent of each course’s expected grade, and

The number of credits each course earns. There are no decisions to be made by the program.

Step 3 -
Identify what and how the results need to be reported

The results will be displayed on screen in the form of a brief message and number, such as “GPA = 3.75".

Step 4 -
Describe the algorithm to be used

As each course’s data is entered, the credits will be multiplied by the numeric grade and added to the accumulated grade times credits subtotal, and the number of credits will be added to the credits subtotal. After all courses are entered, the grade times credits subtotal will be divided by the credits subtotal to give the Grade Point Average.

Step 5 -
Identify the major components to the module - e.g. data structures, the major iterations, conditional branching, and error control check points

The raw data must be stored in the program. It is all numeric. Variables to hold accumulated credits and accumulated GPA contribution must be initialized to 0. There will be one iteration: The routine that accepts input about one course and adds the numbers to the accumulating variables will be repeated as many times as there are courses (that’s why we will enter that number as data at the start). No branching or error control should be needed.

Step 6 -
Sequence the major components from beginning to end

Part 1:
Initialize accumulator variables

Part 2:
Obtain the number of courses (“NC”)

Part 3:
Repeat Parts 4 and 5 NC times:

Part 4:
Obtain data for one course

Part 5:
Compute contribution for this course, and add to the accumulator variables

Part 6:
Compute the Grade Point Average

Part 7:
Display the result

Step 7 -
Construct the data structures 

An integer variable (type int) will be used for the number of courses (“nc”) and for a loop variable (“count”) because they will be used for counting repetitions, and floating point (type float) variables will be used for the rest, since the final computation will be a floating point number. The other variables will be:

float credits

/* Credits for one course */

float tot_credits
/* Accumulated credits for all courses so far */

float grade

/* Grade (numeric) for one course */

float grade_cred
/* Grade times credits for one course */

float tot_grade_cred
/* Accumulated grade times credits for all courses so far */

float gpa

/* Final Grade Point Average */

Step 8 -
Build the input mechanism

1:
/* For the number of courses: */

printf(“How many courses are you taking?”);

scanf(“%d”, &nc);

2:
/* For each course: */

printf(“Grade for course number %d:”, count);

scanf(“%f”, &grade);

printf(“Credits for course number %d:”, count);

scanf(“%f”, &credits);

Step 9 -
Build the reporting mechanism

printf(“\nGrade Point Average = %6.3f”, gpa);
/* Width of 6 with 3 decimals */

Step 10 -
Construct the remaining components in sequence documenting and testing their results

Here is the completed program:

#include <stdio.h>

/* Program to compute simple GPA, by Susan, 10/12/97 */

main()

{

int nc, count;

/* number of courses, loop counter */

float credits;

/* Credits for one course */

float tot_credits = 0.0;
/* Accum. credits, all so far */

/* NOTE: Initialized to 0 */

float grade;

/* Grade (numeric) for one course */

float grade_cred;
/* Grade times credits for one course */

float tot_grade_cred = 0.0; /* Accum. grade*cred, all so far */

float gpa;


/* Final Grade Point Average */

printf(“\nHow many courses are you taking?”);

scanf(“%d”, &nc);

for(count=1; count <= nc; count++)

{

/* For each course: */

printf(“Grade for course number %d:”, count);

scanf(“%f”, &grade);

printf(“Credits for course number %d:”, count);

scanf(“%f”, &credits);

grade_cred = grade * credits;

tot_grade_cred = tot_grade_cred + grade_cred;

tot_credits = tot_credits + credits;

}

gpa = tot_grade_cred / tot_credits;

printf(“\nGrade Point Average = %6.3f”, gpa);

}

Step 11 -
Test, debug, and validate the integrated program, building in the error control issues

Susan tests the program with 5 courses all having the same grade and 3 credits each, and it works. She then varies the number of credits, and then the grades, verifying each calculation by hand. 

Step 12 -
Review the entire program for cleanup and presentation to others

Susan finally adds some more comments to explain what the program does and how it works, and then distributes copies to her friends.

A Complex Example
ACME Lawnmower Supply needs a program to help them keep track of their inventory and to alert them when it is time to restock. We describe this project in more general terms.

Step 1 -
Clearly define the specifications for the module

They will set up a database that contains one record for each item that they stock, with the following information about each item: Item code number, description, supplier, wholesale cost, selling price, number currently in stock, restocking point (they will order more when the number in stock falls below this point), number to order when restocking, dates of last ten times this item was restocked. Once a week the number currently in stock is updated by subtracting this week’s sales and adding any new stock received during the week. The item codes and descriptions of each item that falls below its restocking point will be printed out on a report which also includes the number currently in stock, number to reorder, and date of most recent order.

Step 2 -
Identify the user inputs or control decisions in the module

Two input sections are needed: an initialization section which permits easy entry of all current stock, and a shorter input section for use in the weekly updates. In addition, provision must be made for new items to be added or obsolete ones to be deleted from the database, as well as corrections when errors are discovered. Whenever the weekly update routine is run, it should loop through all items, allowing this week’s sales and restocking to be entered. It must also compare number currently in stock for each item with its restocking point in order to decide whether to include that item on the restocking report.

Step 3 -
Identify what and how the results need to be reported

As mentioned above, at the end of the weekly update, a report is printed listing all items that need restocking. The item codes and descriptions of each item that falls below its restocking point will be printed out on this report which also includes the number currently in stock, number to reorder, and date of most recent order.

Step 4 -
Describe the algorithm to be used

The algorithm here is simple: Loop through all items in the database. For each item, get number to add or subtract from current inventory, then compare that number with the restocking point. If inventory <= restocking point, print the appropriate data about that item to the report.

Step 5 -
Identify the major components to the module - e.g. data structures, the major iterations, conditional branching, and error control check points

Since the data needs to be kept from week to week, it should be stored in a file on disk (it is not feasible or necessary to enter all of the inventory data fresh each week!). Some of the data in this example is in the form of text (item description, supplier, for instance) and some is numeric (current inventory, prices, restocking point, etc.), and some in the form of dates (order dates). Appropriate data structures must be declared for all of these. The major iteration is through the items in order by item code (an alternative would be to have the user specify the code of the item to be updated; this makes sense if only a small part of the total list sees changes in a typical week). The most frequently encountered conditional branching is whenever an item gets below its restocking point. We should also allow the user an initial choice of whether to (1) Initialize the data base for the first time (These needs some verification built in!), (2) do a weekly update, (3) delete item(s) from the inventory list, or (4) add new item(s) to the inventory list. Error control is important here: We should build in procedures to validate that the data being input is at least plausible and being attributed to the correct items. 

Step 6 -
Sequence the major components from beginning to end

1.
PROGRAM INITIALIZATION: Declare all needed variables, filenames, etc.

2.
MENU: Allow user to choose from 
(1) Initialize database,

(2) Weekly update,

(3) Delete items, or

(4) Add new items.

3.
If user chooses (1):

Verify intention (“Are you sure?”). Then reset all variables to zero. For each item to be added to the database: get all data, write it to the appropriate file, and ask whether another item is to be entered. Repeat until no more items are to be entered.

If user chooses (2):

Loop through all items in database. For each item: Display item code and description. Ask for number of units sold this week and number added to stock. Compare current stock to restocking point. If stock is too low, print the data on the restocking report.

If user chooses (3):

Ask for code of item to be deleted. Display description from file, and ask for verification. If okay, ask one more time whether it is okay to delete item. If so, delete it and rewrite file. Then ask if another item is to be deleted.

If user chooses (4):

Ask for code and description of item to be added. If code already appears in database, display new code with description next to old code and description, and refuse addition. Otherwise, add the new item to database, after giving user a chance to verify and correct all data. Then ask whether another item is to be added.

4.
Finally, print a report of current activity, and a restocking report, if appropriate.

Step 7 -
Construct the data structures 

We will leave the remaining steps to your imagination. Notice that this inventory system as we have described it could be built using a SOLVE program, a spreadsheet like Excel or 1-2-3, a dedicated database system, or a conventional programming language like C, C++, COBOL, Pascal, etc.

Step 8 -
Build the input mechanism

Step 9 -
Build the reporting mechanism

Step 10 -
Construct the remaining components in sequence documenting and testing their results

Step 11 -
Test, debug, and validate the integrated program, building in the error control issues

Step 12 -
Review the entire program for cleanup and presentation to others

Activities
The activities in this chapter will introduce you to the essential concepts of programming, with illustrations in all of these contexts.

Activity 12.1: Reusable Code
Theme: Teamwork

Activity 12.2: Creating Functions
Theme: Mathematical Thinking

Activity 12.3: Testing and Debugging
Theme: Assessment

Activity 12.4: Data Structures
Theme: Mathematical Thinking

Activity 12.5: Conditional Branching
Theme: Mathematical Thinking

Activity 12.6: Iteration
Theme: Mathematical Thinking

Activity 12.7: User Control Techniques
Theme: Problem Solving

Activity 12.8: Documenting a Program
Theme: Communication

Activity 12.1:

Reusable Codetc \l2 "Activity 12.1:Reusable Code

Theme: Teamwork

Why Learn This
Often, when working in a spreadsheet, a word processor, or simply doing some kind of calculation, you may find yourself doing the same set of steps over and over again. Reusable code is the collection of repetitive steps into a program, which can then be used over and over, like any good tool. One of the great values of programs is that they can allow you to do repetitive tasks quickly and reliably. And often code (sections of program) that you have tested and used successfully in one situation can be used over again in another. Here you will explore the benefits of reusable code and situations in which it can be utilized. Reusing well-tested code saves you the time and effort, and it greatly reduces the likelihood of introducing new errors.

Learning Objectives
1.
To understand the benefits of reusable code.

2.
To understand the variety of situations in which reusable code can be of benefit.

Performance Criteria
1.
Quality and completeness of your description of the benefits of reusable code.

Measures:
(a) The number of significant points made;

(b) The clarity of statement of each point.

2.
Quality and breadth of your listing of brainstormed contexts for reusable code.

Measures:
(a) The obvious value of each of your ideas;

(b) The extent of variety in your ideas.

(c) How valuable is the reusable code in this function?

Class Preparation
1.
Read carefully the introduction to this chapter.

2.
Study this activity and its Critical Thinking Questions.

Plan
1.
Study the introductory sections to this chapter, looking for examples of reusable code.

2.
Study the Model in this activity.

3.
Brainstorm to come up with ideas for reusable code that will be reasonably easy to program, as well as a justification for each of these ideas.

4.
Answer the Critical Thinking Questions.

Model
1.
In a word processor, you may often want to use particular margin settings that are different from the default settings.

2.
In a spreadsheet, you may often want to set a number of columns to a different width from the default.

3.
In a SOLVE program, you may often want to check that input from the user fits within a certain range before accepting and using the input.

4.
In a C program, you may often want to display a row of a given number of a specified character, as a divider between one part of the output and the next.

5.
In a C program, you may want to have a standard way of displaying currency amounts with a preceding dollar sign and with exactly two decimal places.

6.
In a word processor, you may find your self often typing the same long phrase, names, or “boilerplate”.

7.
Here are two SOLVE procedures that draw a line, together with sample output from each. Compare them carefully. Which of the two is more generally useful, Line1 or Line2?

PROCEDURE('line1')   ; This procedure takes no parameters.

 ; This procedure draws a line of length 20 using an equals sign.

        LOCAL(N,C,L)

        C = '='

        L = C

        FOR N = 1 TO 20 DO L = TJOIN(L,C)

        MESSAGE(L)

RETURN

LINE1

=====================

PROCEDURE('line2', CHAR, LEN)
; CHAR is a character, LEN is the length of line 
wanted.

 ; This procedure draws a line of length LEN using the character CHAR.

        LOCAL(N,C,L)

        C = CHAR

        L = C

        FOR N = 1 TO LEN DO L = TJOIN(L,C)

        MESSAGE(L)

RETURN

LINE2('=', 20)

=====================

LINE2('*', 60)

*************************************************************

Critical Thinking Questions:
1.
Which of the SOLVE procedures is more generally useful, Line1 or Line2, and why?

2.
List the top five ideas you came up with for reusable code, with a statement of the benefits of each.

3.
In general, what are the top three benefits of reusable code?

4.
Think about anything else you encounter in your everyday life that bears any similarity to reusable code. Describe here your comparison and any points of similarity you have found.

Activity 12.2:

Creating Functionstc \l2 "Activity 12.2:Creating Functions

Theme: Mathematical Thinking

Why Learn This
Software packages such as SOLVE, Excel, or WordPerfect contain large numbers of built-in functions to perform specialized tasks for you. In this activity you will learn how to write additional functions that the programmers of these packages never included. These user-defined functions can greatly enhance the power of the software you are using, while enabling you to customize its features for your own needs.

Learning Objectives
1.
To understand how to build your own software functions.

2.
To understand how common features of software functions appear in more than one context.

Performance Criteria
1.
To build successfully a recorded macro in a word processor or spreadsheet.

Measures:
(a) Does it work?


(b) Is it clearly documented?

2.
To translate your macro to a SOLVE procedure or a C function.

Measures:
(a) Does it work?


(b) Is it clearly documented?

Class Preparation
Study the introduction to this chapter and this activity.


Models
Study the examples in the introduction to this chapter for models of programs in four contexts: word processor recorded macro, spreadsheet recorded macro, SOLVE user-defined function, and C program.

Information and Resources
You will produce two small programs in this activity. The first will be a ‘recorded macro’ from either a word processor or a spreadsheet, and the second will be a written-out function or procedure that does the same thing as the macro, but is written using either SOLVE or a standard programming language like C. For information, resources, and examples, study the introductory sections to this chapter.

Plan
1.
Your instructor will tell you which two contexts to use for this activity: one should be either a word processor or spreadsheet, and the other should be either SOLVE or a conventional programming language like C, Pascal, etc.

2.
Record a word processor or spreadsheet macro that displays “Programmed by <your name>”.

3.
Run the macro in a new document/worksheet.

4.
Edit the macro to see what the language looks like.

5.
Add comments at the top to identify the macro name, the programmer, the date, and the purpose, and add comments to explain any steps that do not seem obvious.

6.
Create a SOLVE procedure or a C function that displays “Programmed by <your name>”.

7.
a.
For SOLVE: Test and correct the procedure until it works.

b.
For C: Place your function at the bottom of the following C program, save it as ‘test.c’, and compile it to test your function:

#include <stdio.h>

/* Test bed for user-defined functions. */

void myfunc(void);
/* prototype. Replace ‘myfunc’ by whatever name you chose. */

main()

{

myfunc();
/* Calls your function. Replace ‘myfunc’ by whatever name you chose. */

return;

}

/* Place the definition of your function here: */

c.
For any other programming language, your instructor should provide you with a sample program template similar to the one in C, above.

8.
Add comments to your SOLVE/C/other language program as in step 5, above.

9.
Answer the Critical Thinking Questions as you work through this plan.

Critical Thinking Questions
1.
Show your macro source code here:

2.
Show your SOLVE or C source code here:

3.
How do you indicate comments in your word processor/spreadsheet?

4.
How do you indicate comments in SOLVE or C?

5.
Describe the three most important similarities you discovered between your word processor or spreadsheet macro language and the SOLVE or C languages.

6.
Describe the three most important differences you discovered between your word processor or spreadsheet macro language and the SOLVE or C languages.

7.
Describe the three most important features that you would expect to find in all programming languages.

Exercises
1.
Prepare a word processing macro, called ‘lethead’, that simulates a personal letterhead for you. Choose a typeface you like, and a large font size (such as 15 point). Center text at the top of the page: Your name, address, phone number, and email address. After this, change justification back to Left, and point size back to 10 or 12.

2.
Prepare a spreadsheet macro that displays your name in boldface in the first cell, and places today’s date in the cell beside it. Change the widths of those two columns so there is plenty of room for them to show.

3.
Write a SOLVE function that converts from millimeters to inches (one inch = 25.4 mm), and another that converts in the other direction.

4.
Using the INDEX or DOMAIN functions, create a SOLVE table with two columns and ten rows. The column labels should be inches and mm, and the first column should have the numbers 1 to 10. Use the function you wrote in exercise 3 to fill the second column with the appropriate values for mm.

5.
Write a pair of C functions to convert between inches and millimeters, as in Exercise 3. Also write a C program that asks the user which way to convert, then asks for an input value, and produces the appropriate output value using the correct function.

Activity 12.3:
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Theme: Assessment

Why Learn This
A function, procedure, or program seldom works perfectly when you first try it out, and sometimes you can’t even tell whether it is working correctly. Once it is written, it must be tested and debugged before it can become useful. Some errors (syntactical) may prevent the program from running at all. But even if a programs seems to “run”, it may contain logical errors that prevent it from doing what was intended. Time and care invested in the testing stage can greatly enhance the reliability and usefulness of the finished product.

Learning Objectives
1.
To understand the need for testing and debugging.

2.
To learn techniques and strategies for debugging syntax errors.

3.
To learn techniques and strategies for debugging logic errors.

Performance Criteria
1.
Quality and completeness of your description of the reasons for testing and debugging.

Measures:
(a) The number of significant points made;

(b) The clarity of statement of each point.

2.
Removal of syntax bugs from one of the model programs.

Measure:
(a) Did you succeed completely?

3.
Removal of logic bugs from one of the model programs.

Measure:
(a) Did you succeed completely?

Class Preparation
Study this activity, the example programs, and the Critical Thinking Questions.

Plan
1.
Your instructor will assign to you one of the programs numbered C through G in the Model, or else provide a substitute for you to debug. There are between three and five syntax errors in each. Find and correct the errors, and verify that your program now works.

2.
Your instructor will assign to you one of the programs numbered H through L in the Model, or else provide a substitute for you to debug. These programs contain one or more errors in logic, so that although they do ‘run’, they do not produce the results intended. Find and correct the errors, and verify that your program now works.

3.
Answer the Critical Thinking Questions.

Information
Here are a few tips on finding errors (‘bugs’) in programs.

1.
If possible, run the program one step at a time to see what the result of each step is.

2.
When you encounter error messages, deal with the first error message first. Often one error gets the software confused enough so that it thinks there are additional errors when there really aren’t.

3.
Calculate the expected results by hand for a simple case or two and compare with the program’s output.

4.
If you have difficulty locating where in the program the error is occurring, try inserting additional output statements to display key values along the way. You can use a ‘binary search’ technique to speed this up: first, display all values half-way through. If they are correct, put your next display statement half-way from there to the end; otherwise put it half-way from the beginning to that point. Repeat this until you find the troublesome statement.

Model
Program A contains syntax errors, as shown:

A:
(WordPerfect macro, called pgno, to insert a formatted page number at the bottom center of each page.)

DISPLAY('Off!')

PageNumberPosition(BottomCenter!;UseDefaultValues!]

PageNumebrFormat("~ Page Page #"+" ~")

There are three syntax errors: (1) Off! should not be in quotes; (2) the second line should end with a right parenthesis and not a right bracket; and (3) the word Number is misspelled in the third line.

Program B contains logic errors, as shown:

B:
( C program to print the sum of two integers that are input by the user.)

#include <stdio.h>

main()

{

   int x, y, sum;

   printf("\nEnter an integer: ");        /* Ask for x */

   scanf("%d", &x);

   printf("\nEnter another integer: ");   /* Ask for y */

   sum = x + y;                           /* Add them up. */

   printf("\nThe sum is %d.");            /* Display the sum. */

   return;

}

This program compiles and runs, but incorrectly. There are two logic errors: (1) the printf statement that asks for y must be followed by an input statement to get the requested value:

   scanf("%d", &y);
and (2) the final printf statement never specifies the variable sum that is supposed to be output. That statement should be:

   printf("\nThe sum is %d.", sum);            /* Display the sum. */
Programs C through G contain syntax errors.

C:
(A WinWord 6.0 macro to set center justification and make margins ½" smaller.)

Sub MAINE

CenterPara

FormatParagraph, LeftIndent = "0.5" + Chr$(34)

FormatParagraph .RightIndent = 0.5 + Chr$(34)

End Sup

D:
(A WordPerfect 6.1 (DOS) macro to set center justification and make margins ½" smaller.)

DISPLAY(Off)

Justificatoin(Center!)

MarginLeft(1.5")

MarginRight("1.5")

E:
(An Excel macro to set the width of the first column to 16.)

'

' wide1 Macro

 Macro recorded 2/9/97 by E. Myrvaagnes

'

'

Sub wide1(]

    Selection:ColumnWidth = 16

End Subr

F:
(A SOLVE function that adds its two parameters and returns their sum.)

FUNCTOIN(sum2, x, y)

LOCAL z

z = x + y

RETURN[z]

G:
(A C program that takes one integer as input and displays it.)

#include (stdio.h)

main()

{

   int x

   print("Enter an integer: ");

   scanf("%d", &x);

   printf(You gave me %d", x);

   return;

}

Programs H through L contain logic errors.

H:
(An Excel macro to clear five cells horizontally.)

'

' clear5 Macro

' Macro recorded 2/10/97 by E. Myrvaagnes

' Clears current cell and 4 to its right.

Sub clear5()

    ActiveCell.Range("A1:A5").Select

    Selection.ClearContents

    ActiveCell.Select

End Sub

I:
(A WordPerfect 6.1 (DOS) macro to open a table with 5 rows and 3 columns, and put a double line below the first row of cells.)

DISPLAY(Off!)

TableCreate(5;3)

TableEdit

TableBlockOn

PosTableTopCellNext

PosTableTopCellNext

TableCellLine(Bottom!;DoubleLine!)

TableBlockOff

J:
(A WinWord 6.0 macro to make a heading for a Memo.)

Sub MAIN

CenterPara

Insert "MEMORANDUM"

InsertPara

InsertPara

LeftPara

Insert "TO:"

InsertPara

Insert "FROM:"

Insert "DATE:"

InsertPara

Insert "SUBJECT:"

InsertPara

End Sub

K:
(A SOLVE function that adds its two parameters and returns their product.)

FUNCTION(‘prod’, x, y)

LOCAL(z)

y = x * y

RETURN(x)

L:
(A C program that takes one integer as input, multiplies it by 3, and displays the result.)

#include <stdio.h>

main()

{

   int x,y;

   printf("Enter an integer: ");

   scanf("%d", &y);

   y = 3 * x;

   printf(“3 times %d is %d", y, x);

   return;

}

Critical Thinking Questions
1.
Describe explicitly the syntax errors you found and fixed in your first program © through G).

2.
Describe explicitly the logic errors you found and fixed in your second program (H through L).

3.
Which bug was the easiest to locate? Why do think this was?

4.
Which bug was the most difficult to locate? Why do think this was?

5.
Describe in your own words the main differences between syntax errors and logic errors.

6.
Suggest one good technique that you think might help you locate syntax or logic errors.

7.
What would you say now are the most important reasons for testing and debugging?

Activity 12.4:
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Theme: Mathematical Thinking

Why Learn This
Data comes in many shapes and sizes, and programming languages are designed to let you handle this variety. Data must always be stored in variables or structures of the appropriate type, or else the program may fail to run at all or may produce meaningless results. A clear understanding of data structures makes it much easier to plan and write reliable code.

Learning Objectives
1.
To understand the commonest data types.

2.
To learn how to employ these in programs.

Performance Criteria
1.
To pass a quiz on matching data to the appropriate structures (types).

Measures:
(a) The number of correct matches.

2.
To make correct use of one simple and one structured data type in a program.

Measures:
(a) Correct use of a simple type.

(b) Correct use of a structured type.

(c) Does the program work correctly?

Class Preparation
Review the introduction to this chapter again. Study this activity.

Resources
1.
The programming examples given in the introduction to this chapter.

2.
Handouts from your instructor about specific programming languages.

3.
Books from the library about these languages.

Plan
1.
Read the Information section.

2.
Study the examples mentioned under Model.

3.
Write a short program to do the following: 

(1)   Accept an integer number from the user as input and store it in a variable,

(2)   Display that number,

(3)   Accept five different floating point numbers as input from the user and store them all  in a single (structured) variable,

(4)   Display the five numbers, one on each line.

The program should be written out clearly on your Recorder’s Report.

4.
Use any additional reference materials at your disposal to help you answer the Critical Thinking Questions.

Information
The need for different data types arises because, as humans, we use the same symbols for different purposes, telling the intended uses apart by context. For example, in the phrase “7 apples” the “7” is generally understood to be a number, telling us how many apples are being referred to. But in the Canadian postal zone code “K1Z 8R7”, the “7” is simply another character in a string of characters used to identify part of the city of Ottawa. The basic distinction is this: we may want to do some arithmetic with the “7” in “7 apples”, but we aren’t likely to be trying to add or multiply two postal zones. Computers are not very good at judging the purpose of data from context, so we need to tell them our intentions by using data types.

Simple data types allow the storage of a single piece of data (number, letter, etc.), whereas structured data types allow collections of pieces of data (a list or table of numbers, or the “record” of all available information about one person or product, etc.) to be addressed with a single name. Some programming languages allow users to define their own data types, using the built-in data types as building blocks.

Here are summaries of the main data types available in a few environments:

WordPerfect Macro:
Data types in WordPerfect macros are Character, Numeric, Logical, Measurement, or Enumerated. Character data includes single characters or multi-character text strings, normally surrounded by double quotes (“). Numeric does not distinguish between integer and floating point. Logical values are either TRUE or FALSE, and usually arise from the evaluation of a logical expression: For example, if Columns has the value 7, then the expression “Columns < 5" is FALSE. Measurement values include a symbolic suffix to indicate the measurement scale (for example, 12 pt, meaning 12 point type size, or 3.5", meaning three and a half inches). Finally, certain commonly referred to attributes are given names, but stored internally with a predefined numeric value (for example, Bold! = 12, while SmallCaps! = 15).

Excel:
Excel (as is the case with most other spreadsheets) distinguishes between numbers, dates or times, text, and formulas. A number must contain only characters from the list 0123456789+-()/$%.,E and e. Data containing any other character will be considered as text. To specify that 1998 should be treated as text instead of as a number , precede it by a single quote: '1998. Dates and times are stored internally as serial numbers, but may be entered in one of nine special date/time formats, such as 7/26/97,  or 1:37 PM, or 1:37 PM 26-Jul-97. To enter a formula, first type =. When used in formulas, dates, times, and text must all be enclosed in double quotes (“”).

SOLVE:
Solve distinguishes between numbers and text, as well as permitting vectors (lists) or tables (arrays or matrices) of data. The type of a variable is determined by the nature of the when you first enter it.

Visual Basic:
Visual Basic uses suffixes on variable names to distinguish between simple data types: % = integer, & = long integer, ! and # are short and long floating point, @ = currency, and $ = string. Arrays and user-defined data types are also allowed.

C:
C distinguishes between integers (int) and floating point (float) numbers and characters (char). Variants of these allow for greater precision (short, long, double, etc.). C does not have a “logical” data type, but uses integers for this (0 = FALSE; any other numerical value = TRUE). Standard C also does not have a simple text string type; text strings must be treated as arrays of characters. C does allow arrays and user-defined types.

Model
Study the programming examples in the introduction to this chapter. For the programming environments specified by your instructor, use the examples in that introduction, together with those in the first three activities of this chapter, to help you answer the Critical Thinking Questions.

Critical Thinking Questions
NOTE: Your instructor will tell you which programming environments to explore, probably one simple context (like WordPerfect macros) and one more elaborate one (like the C or SOLVE programming languages). Your answers should relate to those two environments.

1.
In your two contexts, how is a number distinguished from a piece of text?

2.
In your two contexts, how is a floating point number distinguished from an integer?

3.
In each of your two contexts, how would you store the following data into a single variable (if it cannot be done, explain why not, and suggest the best way to get around the difficulty):

 7
53
47

12
 4
62

-9
21
 0

23
26
97

a. Context I:

b. Context II:

4.
In each of your two contexts, how would you store the data “I am an expert programmer!” into a single variable. Again, if it cannot be done, explain why not, and suggest the best way to get around the difficulty:

a. Context I:

b. Context II:

5.
Describe three situations in which a structured data type would be useful.

6.
Offer a suggestion for a new data type to be included in one of your two contexts (specify which). Describe in detail the name of the new type, what type of data it is to hold, and how your context is to distinguish between this and the other regular data types.

Exercises
1.
Choose one of the programming contexts you have not studied. By studying the examples in this chapter, and in books, compile a list of all the data types that you can find. Be sure to include a description as well as a name for each.

2.
Programs are made up generally of actions operating on data. Data types classify data in order to make it easier to handle it. Do you think it would be useful to have a similar classification of the types of actions that the computer program can take? 

Activity 12.5:
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Theme: Mathematical Thinking

Why Learn This
Conditional branching structures enable a program to perform different sequences of steps depending on the state of a specified condition at a given moment. This allows you to build decision-making and options into your programs. Conditional branching is one of the two essential mechanisms for greatly increasing the power and versatility of your code (the other, iteration, is studied in the next activity).

Learning Objectives
1.
To understand the uses of conditional branching.

2.
To learn how to implement conditional branching in more than one programming context.

Performance Criteria
1.
Quality and completeness of your description of the uses of conditional branching.

Measures:
(a) The number of significant points made;

(b) The clarity of statement of each point.

2.
To implement conditional branching in two programming contexts.

Measures:
(a) Quality of your first implementation.

(b) Quality of the translation to a second context.

Class Preparation
Study this activity. From the library, or another source, find out what types of conditional branching constructs are available in your two programming contexts, and how to use them. Bring clear notes with you to class.

Resources
1.
The programming examples given in the introduction to this chapter.

2.
Handouts from your instructor about specific programming languages.

3.
Books from the library about these languages.

Plan
1.
Read the Information section.

2.
Study the examples mentioned under Model.

3.
Write a short program to do the following, in the simpler of the two contexts you are studying: 

(1)   Accept an integer number from the user as input and store it in a variable,

(2)   Display that number,

(3)   Accept another integer number from the user as input and store it in a second variable,

(4)   Display the second number,

(5)   Compare the two numbers, and if the first number entered is less than 5 plus the second number,

display the message “First number is too small”, and

       Otherwise

display the message “Chocolate is my favorite flavor.”

The program should be written out clearly on your Recorder’s Report.

4.
Then write a second program, in a different context, that does the same thing. This program should also be written out clearly on your Recorder’s Report.

5.
Use any additional reference materials at your disposal to help you answer the Critical Thinking Questions.

Information
Every programming language has some way of allowing conditional branching. Although the steps of a program are normally executed in sequential order, at a branch point, a decision must be made, based on the value of some logical expression, which must be either TRUE or FALSE. What happens next depends on the type of branching construct.

Branching constructs can be classified as one-way (the program either executes a selected piece of code, or it doesn’t), or two-way (the program executes either the first chunk of code, or the second, depending on the value of the condition), or multiway (the program executes one of several alternative chunks of code, depending on the value of the condition). 

For one-way branching, most languages use either this format:

IF (condition) {code to be executed or not}

 or use this one:

IF (condition) THEN {code to be executed or not}.

In either case, if the condition is TRUE, the code-to-be-executed-or-not is executed, and otherwise it is simply skipped and the program continues execution at the next statement. 

A typical construct for two-way branching is this:

IF (condition) {code to be executed if condition is TRUE}

ELSE {code to be executed if condition is FALSE }.

Some languages require an ENDIF statement at the end.

There is much more variety to multiway branching. One way to achieve multiway branching using two-way branching is to nest instances of two-way branching. As an example, suppose you have four sections of code, called code-A, code-B, code-C, and code-D, and you want the choice of which is executed to depend on the variable called SELECTOR, which must have a value of 1, 2, 3, or 4. Using two-way branching you could write:

IF (SELECTOR is equal to 1) 

{execute code-A}

ELSE IF (SELECTOR is equal to 2) 

{execute code-B}

ELSE IF (SELECTOR is equal to 3) 

{execute code-C}

ELSE {execute code-D}

Note that the last ELSE does not need an IF or a condition after it, because we have asserted that the only remaining value for SELECTOR at that point is 4.

Nested two-way branching can get cumbersome if there are many choices possible. Many languages have special constructs for this purpose. As an example the C language uses what is called a “switch” statement containing several “case” statements. Here is the same example written in C, using “switch” (we follow the convention of using all lowercase letters in this C example; C also uses two equals signs in a row “==” to mean “is equal to”.):

switch (selector)

{ case 1: { code-A; break; }

  case 2: { code-B; break; }

  case 3: { code-C; break; }

  case 4: { code-D; break; }

}.

Models
1.
Here is a WordPerfect macro that displays a message depending on the value of an input number:

DISPLAY(Off!)

GETNUMBER(myvar;"Enter a number: "; "Number")

IF(myvar>10)

Type("That is bigger than ten.  ")

HARDRETURN

ELSE

Type("That is smaller than or equal to ten.  ")

HARDRETURN

ENDIF

Type("That's All, Folks!")

HARDRETURN

2.
Here is a C program that responds to certain input values. Note that the “default” statement in a C “switch” construct is used to cover all unspecified cases.

#include <stdio.h>

main()

{

   int number;

   printf("Enter an even number: ");

   scanf("%d", &number);

   switch (number)

      {

      case 2:  { printf("Double trouble\n"); break; }

      case 4:  { printf("Quadruple Quartets\n"); break; }

      case 6:  { printf("Sextuple hexagons\n"); break; }

      case 8:  { printf("Octogenarian octets\n"); break; }

   default:    { printf(" That number is either odd or out of my range.\n"); }

      }

   return;

}

Critical Thinking Questions
1.
a.
What output does your first program produce if the numbers 7 and 3 are given as input?

b.
What output does your second program produce if the numbers 11 and 8 are given as input?

2.
a.
How do you express the condition “the first number entered is less than 5 plus the second number” so that the computer will understand it in your first program?

b.
How do you express the condition “the first number entered is less than 5 plus the second number” so that the computer will understand it in your second program?

3.
Which program was easier to write? Why do think that was?

4.
Imagine that you are writing a computer application that is to allow you to keep your checkbook information, recording deposits and checks and fees, and providing the current balance on request. Describe three points in this application where you might find it useful to use conditional branching.

•

•

•

5.
What are the three top uses for conditional branching?

•

•

•

Exercise
1.
Outline an idea for a small but useful program that would incorporate conditional branching. Illustrate your outline with a flow chart.

Activity 12.6:

Iterationtc \l2 "Activity 12.6:Iteration

Theme: Mathematical Thinking

Why Learn This
An iteration is the exact or near repetition of a specific task many times, under control of a counter (for example, counting from 10 to 1000 by 5's). Computers are very good at iteration, which most humans find boring. By employing techniques of iteration, your programs can easily produce results that would be very tedious and error-prone if done by hand, or even if computed one at a time.

Learning Objectives
1.
To understand the nature and uses of iteration.

2.
To learn techniques for implementing iteration in two programming contexts.

Performance Criteria
1.
Quality and completeness of your description of the uses of iteration.

Measures:
(a) The number of significant points made;

(b) The clarity of statement of each point.

2.
To build a function employing iteration in two programming contexts.

Measures:
(a) Quality of your first implementation.

(b) Quality of the translation to a second context.

(c) How valuable is the use of iteration in this function?

Class Preparation
Study this activity. From the library, or another source, find out what types of iteration constructs are available in your two programming contexts, and how to use them. Bring clear notes with you to class.

Resources
1.
The programming examples given in the introduction to this chapter.

2.
Handouts from your instructor about specific programming languages.

3.
Books from the library about these languages.

Plan
1.
Read the Information section.

2.
Study the examples mentioned under Model.

3.
Write a short program to do the following, in the simpler of the two contexts you are studying: 

(1)   Accept an integer number from the user as input and store it in a variable (let’s call it n, and assume that it will be no larger than 20),

(2)   Display the number n,

(3)   Accept that many (n) integer numbers from the user as input and store them in a second (array) variable,

(4)   Display the n numbers in the list, one per line, in the reverse order from the order of input (so that, for example, if you entered 3, 19, 17, they would be displayed as 17, 19, and 3).

The program should be written out clearly on your Recorder’s Report.

4.
Then write a second program, in a different context, that does almost the same thing. This program is to be used for computing a straight (unweighted) average of up to 20 quiz grades. the steps are as follows:

(1)   Accept an integer n from the user that represents the number of grades to be averaged.

(2)   Accept n grades (which should be floating point values) and store them in an array.

(3)   Using another variable called, say, Total, add up the grades in your list.

(4)   Then divide the Total by n to get the average, which should then be displayed.

This program should also be written out clearly on your Recorder’s Report.

5.
Use any additional reference materials at your disposal to help you answer the Critical Thinking Questions.

Information
One of the things a computer does best is repetitive operations that would be intensely boring to human beings. Of course, to be of value, there must be at least some change in the repeated operation. For example, converting the temperature 90 degrees Fahrenheit to Celsius once might be useful, but computing the same value 100 times is patently useless. On the other hand, doing the same computation for the series of temperatures 0, 1, 2, 3, ... , 98, 99, 100 would produce a table that could be of real value.

The commonest programming construct for iteration is called a “FOR loop”, and it exists in some form in almost all languages. Typically, the construct must be provided with some starting value (usually for a “counter” variable), either an ending value or a condition that specifies when the repetition is to stop, and an increment: an indication of how much (up or down) to change the counter variable by each time. Both more and less general forms exist as well. In a spreadsheet, such as Excel, you can often replicate a formula by simply dragging it to a block (row or column) of cells, which provides a particularly quick and easy way of doing iteration. 

Models
1.
In the WordPerfect macro language, the following macro will ask for a number and then display every third number from 1 up to the entered number. In the “FORNEXT” command, “counter” is the name of a variable to be used for counting, 1 is its initial value, the value of the “number” variable will be the final value of “counter”, and it will go up by 3 each time. “Counter” begins at 1. The two indented statements (that precede the “ENDFOR” statement) are executed. Then counter is increased by 3, and the two statements are executed again, and so forth.

DISPLAY(Off!)

GETNUMBER(number;"Enter a number: "; "Counter")

FORNEXT(counter; 1; number; 3)

Type(counter)

HARDRETURN

ENDFOR

Type("Finished!")

2.
Here is a C program that counts down from 10 to 1. In C’s version of FOR, the first part assigns the initial value of 10 to the variable countdown. The next part says that the loop should be repeated as long as countdown is greater than 0. The third part says that after each repetition, the value of countdown should be decreased by one (two minus signs after a variable in C means subtract one).

#include <stdio.h>

main()

{

   int countdown;

   for (countdown = 10; countdown > 0; countdown‑‑) {

      printf("%d\n", countdown);

      }

   printf("Blast off!\n");

   return;

}

Critical Thinking Questions
1.
a.
What output does your first program produce if the first number given as input is 7 and the list of numbers entered is 13, 21, 75, 43, 4, 19, and 23?

b.
What output does your second program produce if you give it the following four grades as input: 75, 85, 93, and 89?

2.
Describe in words how you made the numbers come out in reverse order in your first program:

3.
Describe in words the purpose of each variable you used in your second program:

4.
Imagine that you are writing a computer application that is to allow you to keep track of your grades and grade point averages for every semester of your entire college career. Describe three points in this application where you might find it useful to use iteration.

•

•

•

5.
What are the three top uses for iteration in a program?

•

•

•

Exercises
1.
Outline an idea for a small but useful program that would incorporate iteration. Illustrate your outline with a flow chart.

Activity 12.7:
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Theme: Problem Solving

Why Learn This
Here we will look at some techniques for giving the user some control of a program, while ensuring that input values are reasonably appropriate. Your programs will be more generally useful if they give the user some flexibility and control. In addition, their reliability (and appeal to the user) will be enhanced if you ensure that common keyboard errors won’t invalidate the results or cause the program to fail.

Learning Objectives
1.
To learn how to give some control in a program to the user.

2.
To learn techniques for ensuring that input is of the appropriate type and within acceptable ranges for the task.

Performance Criteria
1.
The user should be given reasonable control in a program you modify.

Measures:
(a) The number of instances of user control.

(b) The variety of types of control used.

2.
Your function should check gracefully for incorrect input.

Measures:
(a) Thoroughness of checks to detect bad input.

(b) Quality of the recovery from bad input.

Class Preparation
Read this activity carefully.

Resources
The same resources you have been using earlier in this chapter.

Plan
1.
Study the program given in the Model. It works, but data must be entered carefully, or things may go wrong!

2.
Brainstorm as many ways as you can by which a reasonable user might misinterpret the input instructions and enter something that will either cause an error or cause the program to misinterpret the input.

3.
Come up with as many specific suggestions as you can for “bulletproofing” this program, so that it will allow the user to gracefully redo erroneous input.

4.
Answer the Critical Thinking Questions.

Information
Here are some examples of common difficulties encountered when running programs, and some possible remedies:

1.
When asked for an amount representing currency, users will often start their input with a dollar sign. If the program is expecting a number, it may crash.

Remedies: (1) Instruct the user on-screen NOT to use a dollar sign, (2) display the dollar sign for the user, so there is no temptation to type another one, (3) input the data as a text string, and write code to look for and remove any dollar signs or commas.

2.
Similarly, if commas are included in numerical input, the program may crash.

Remedies: Similar to the remedies for difficulty 1, above.

3.
Programmers often like to accept abbreviations like “Y” for “Yes” and “N” for “No”. If the program is expecting an uppercase “Y”, and the user types a lowercase “y”, or vice versa, the program may interpret an intended “yes” as a “no”.

Remedies: (1) Convert any input character to uppercase before checking its value, (2) compare the input value separately with “Y” and with “y”, (2) instruct the user to use only upper (or only lower) case letters.

4.
Similarly, if the program is expecting a single letter, like “Y”, and the user types “Yes”, the extra letters may in fact mess up subsequent input, causing errors.

Remedies: (1) Instruct the user on-screen to enter single-character answers only, (2) input a text string of possibly several characters instead of just a single character; then check only the first character as in difficulty 3, above.

5.
If numerical entry must be within certain limits (non-negative, or between 7 and 25, etc.), the program may crash if input is accidentally outside the expected limits.

Remedies: (1) Instruct the user on-screen of the appropriate limits for input, (2) add a piece of code that checks input for being in the valid range (“if (x <= upper_limit) and (x >= lower_limit) . . .”), and ask for input over and over until it passes the validity check.

One very important consideration when trying to ensure correct input is to allow the user reasonable flexibility in responses. For instance, if you tell the user that every yes/no question should be answered with an uppercase “Y” or “N”, then you are forcing the user to use the shift key in places that he or she might ordinarily not. You are still likely to get some errors in the form of “y” or “YES” or “Yes”. Thus, it is desirable to try to allow all reasonable responses and then to check for the one your program wants. Of course, it is a trade off: If your program is only ten lines long, it may not be wise to add seventy additional lines just to make sure that all input is correct. As in so much of life, in programming you must also balance your priorities.

Model
This program is intended to simulate a simple cash register. It works, as long as all input is exactly as the programmer intended. You should try to discover ways a reasonable user might cause problems when running it, and suggest possible remedies.

#include <stdio.h>

main()

{

   int numitems, quantity, looper;

   float price, taxtotal = 0.0, nontaxtotal = 0.0, taxamount = 0.0;

   float taxrate = 0.05, subtotal = 0.0, grandtotal = 0.0;

   char taxable;

   printf("\nCash register program.\nHow many items?              ");

   scanf("%d", &numitems);

   for (looper = 0; looper < numitems; looper++ )

      {

      printf("\nEnter price for item %d:      ", looper + 1);

      scanf("%f", &price);

      printf("   How many are you buying?  ");

      scanf("%d", &quantity);

      subtotal = quantity * price;

      printf("        Subtotal =         $%.2f\n", subtotal);

      printf("Is this item taxable?        ");

      scanf(" %c", &taxable);

      if (taxable == 'Y'){

         taxtotal += subtotal;

         }

      else {

         nontaxtotal += subtotal;

         }

      }

   taxamount = 0.05 * taxtotal;

   grandtotal = taxtotal + nontaxtotal + taxamount;

   printf("\n\nTaxable total =      $%.2f", taxtotal);

   printf("\nTax amount =         $%.2f", taxamount);

   printf("\nNon‑taxed total =    $%.2f", nontaxtotal);

   printf("\n================================");

   printf("\nGRAND TOTAL =        $%.2f", grandtotal);

   return;

}

Critical Thinking Questions
1.
How did you decide to handle the input in response to the question “Is this item taxable?”

2.
How did you handle the possibility of dollar signs as input into numeric variables?

3.
What do you think of the idea of adding a question asking for the name of the item being purchased? It wouldn’t affect the calculations. What would its effect be on a user with a long shopping list? Would there be any benefits?

4.
List the top three improvements you would make in this program:

•


•


•


5.
In general, which provides greater protection: (1) Giving clear instructions on-screen detailing exactly what type of input is acceptable, or (2) writing code to check carefully for invalid entries, and rejecting bad input repeatedly until acceptable input is obtained? Defend your choice.

6.
Think of three situations (scenarios), other than ones in this program, where some special consideration should be given to the user. Describe them:

•


•


•


7.
Suppose you were designing the software for a bank’s Automatic Teller Machines. What are the three most important safeguards you should build into your program in order to ensure the integrity of the data input by your user.

•


•


•


Exercises
1.
Write a simulated ATM machine program, illustrating your answer to Critical Thinking Question 7, above.

Activity 12.8:
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Theme: Communication

Why Learn This
Documenting a program means writing down clearly (1) an explanation of the use of each variable in the program and the purpose of each part and (2) a set of instructions to anyone who might want to use the program. The well-designed program will have both internal (comments) and external (manuals) documentation. Writing clear documentation makes it easier for you or someone else to modify or upgrade the program later on, as well as making it easier to use. Practicing clear documentation also increases the clarity of your thinking about programs so that you will find it easier to write them in the future.

Learning Objectives
1.
To understand the value of internal documentation for maintaining a program.

2.
To understand the value of clear user instructions.

3.
To learn to provide both types of documentation for your own programs.

Performance Criteria
1.
The quality of internal documentation in your programs.

Measure 1: The appropriateness of places where you chose to add comments.

Measure 2: The clarity of the comments.

Measure 3: Do your comments add significant understanding to the reader?

2.
The quality of the user documentation you provide.

Measure 1: The completeness of the instructions given.

Measure 2: The clarity of the instructions given.

Measure 3: The appropriateness of what you chose to include or exclude.

Class Preparation
Select your three best (and most complex) programs written for this class so far, and bring them to class. Also determine how to add comments (in executable statements) to your programs in all of the contexts in which you have written programs to date.

Resources
The same resources you have been using earlier in this chapter.

Plan
1.
Choose the two most complex programs you have written so far for this course for documenting.

2.
At the top of each, add comments identifying the programmers, date of programming, and a brief statement of the purpose of the program.

3.
Where each variable is declared or first used, add a comment explaining what the variable is to be used for.

4.
If you have functions or other subdivisions in your program, add a comment at the top of each section explaining what that section does.

5.
Add any additional comments that may help explain parts of the code that might not be obvious to an intelligent reader.

6.
Brainstorm the top five things a user of your program needs to know.

7.
Write a one-page User’s Manual for your program. Be sure to give a quick overview, a detailed run-through, explanation of each feature, and a trouble-shooting section (try to imagine everything that might go wrong, and how to recover).

8.
Answer the Critical Thinking Questions.

9.
Exchange your manual with another team’s, and do an SII on their manual.

Information
Your programs so far are likely to be too small to require extensive documentation. Thus, what you are doing today may seem like “overkill”. But it is when you are writing small programs that you can begin building the good habits that will make programming much easier for you as your programs become bigger and more complex. Time spent now thinking about these issues will greatly diminish the anguish you will encounter as your programs grow.

Model
Here is the program from Activity 12.7 again. We have not added any protection against bad user input as discussed in that activity, but we have added a reasonable level of documentation for such a small program. Notice the way comments, surrounded by /* and */ pairs,  have been made to stand out, so they will be easy to read.

/* Program to record sales: simple simulation of a cash register. */

/* by Eric Myrvaagnes 7/27/97 */

/* The user is asked: how many items do you want to purchase?

   The program then executes a FOR‑loop. For each item, it asks for the

   price of the item, the number to be purchased, and whether it is

   a taxable item. Separate totals are kept of taxable and non‑taxable

   purchases. At the end, the taxable total is multiplied by 0.05 (the

   Massachusetts sales tax rate) to get the amount of tax due. The tax

   amount and the other subtotals are added to give the grand total,

   which is displayed. */

/* NOTE: This version does not guard against spurious input! */

/*================================================================*/


#include <stdio.h>

main()

{

/*================================================================*/

/* Variables are declared and described here.

/*================================================================*/

    int numitems,     /* The number of different items to be purchased. */

      quantity,         /* The number to be purchased of any one item. */

      looper;           /* The counter variable in the loop: looper + 1 is

                         the number of the current item (the "+ 1" is 

 because looper starts at 0 instead of at 1). */

   float price,         /* Price of current item. */

      taxtotal = 0.0,   /* Subtotal for taxable items. */

      nontaxtotal = 0.0,/* Subtotal for non‑taxable items. */

      taxamount = 0.0,  /* Amount of tax on all taxable items. */

      taxrate = 0.05,   /* Current Massachusetts sales tax rate. */

      subtotal = 0.0,   /* Subtotal for each item (price times quantity). */

      grandtotal = 0.0; /* Taxtotal + taxamount + nontaxtotal: the customer

                           owes this amount. */

   char taxable;        /* Place to store the Y or N answer to the question

                           "Is this item taxable?" */

/*================================================================*/

      /* Get the number of different items to be purchased: */   

/*================================================================*/

   printf("\nCash register program.\nHow many items?              ");

   scanf("%d", &numitems);

/*================================================================*/

      /* Next, for each item, get price, quantity, and tax status, and

         add it to appropriate subtotals. */

/*================================================================*/

   for (looper = 0; looper < numitems; looper++ )

      {

      printf("\nEnter price for item %d:      ", looper + 1);

      scanf("%f", &price);

      printf("   How many are you buying?  ");

      scanf("%d", &quantity);

      subtotal = quantity * price;

      printf("        Subtotal =         $%.2f\n", subtotal);

      printf("Is this item taxable?        ");

      scanf(" %c", &taxable);

      if (taxable == 'Y'){

         taxtotal += subtotal;

         }

      else {

         nontaxtotal += subtotal;

         }

      }

/*================================================================*/   

      /* Now we have computed all of the taxable and non‑taxable amounts,

         so we will next compute the tax on the taxable subtotal,

         compute the grand total, and display the results. */

/*================================================================*/

   taxamount = taxrate * taxtotal;

   grandtotal = taxtotal + nontaxtotal + taxamount;

   printf("\n\nTaxable total =      $%.2f", taxtotal);

   printf("\nTax amount =         $%.2f", taxamount);

   printf("\nNon‑taxed total =    $%.2f", nontaxtotal);

   printf("\n================================");

   printf("\nGRAND TOTAL =        $%.2f", grandtotal);

   return;

}

Critical Thinking Questions
1.
Why is it a good idea to include the programmers’ name(s), date, and purpose at the start of every program?

2.
In a program, a student used the name “loop_counter” as a variable name, and added a comment that said “This variable is used a s a loop counter.” Was this a useful comment? Why or why not? If not, what would you suggest doing about it?

3.
In another program (that used some 200 variables), this student used the name “Sally_19" for a variable that was to hold the total cash receipts for one day in a grocery store. Was this a good choice of variable name? Why or why not? Can you suggest a better choice?

4.
What are the top three things to include in any User’s Manual?

•


•


•


5.
Much present-day software comes with fairly extensive on-line documentation but little or no printed documentation. From a user’s point of view, what do you think should be the appropriate balance between on-line and hard-copy documentation?

6.
Now consider question 5 again, but from the software manufacturer’s point of view. What conclusions do you reach?

Exercise
1.
Practice documenting as-you-write your next several programs.

2.
Using your experience from this activity, and the Communications Methodology in Chapter Two, write up your own Methodology for Documenting a Program.

