CS10 Review - Fall 2003

Sections of the text covered:

Chapter 1, sections 1 to 4

Chapter 2, sections 1 to 5

Chapter 3, sections 1 to 4

Chapter 4, sections 1 to 4

Chapter 5, sections 1 and 2, plus member functions get and eof from 5.3

Chapter 7, sections 1 to 4

Chapter 10, sections 1 and 2

· Basic programming concepts: variables, operators, expressions, statements, code blocks, functions. Control structures: instructions are executed in 1) sequence (the default mode), 2) in loops or iterations, or 3) by selection or branching. Every named object has its own scope, or region of the program in which it can be referred to.

· C++ programming integrates use of the core language with functionality made available in the Standard Library, which consists of pre-defined definitions & functions packaged in libraries - <iostream>, <fstream>, <cmath>, etc. The Standard Library makes all the names it uses available in a ‘namespace’ (a named region of memory) called std. Using a function or definition from the Standard Library involves 1) placing the pre-processor instruction #include<libname> in the file header, and 2) telling the program where to find the name with the instruction using namespace std;

· In C++ every variable must be declared to be of a specific data type so that the memory manager knows exactly how to account for it (size, conversions, I/O, etc). These data types can be one of the built-in types,  int, double, char or bool, or more complex data types made available by the Standard Library or otherwise created by the programmer (e.g. as structs or classes).

· C++ functions are also typed, i.e. you must specify the data type of the value that a function will return, or specify that no value is to be returned ("void").There will generally be three components to a function:

· the prototype or declaration, in the file header, of the form “datatype function_name( datatype, datatype ...)”, which provides the compiler with all the information it needs to check the syntax of function calls in the code.

· the function definition itself, in the form:

datatype function_name( datatype parameter1, datatype parameter2, ...)

{


function body


return variable;

}

· the actual function call or invocation in the code, in the form: function_name( argument1, argument2, ...)where the number & datatypes of the arguments must agree with the number & datatypes of the parameters provided in the prototype and in the function definition.
In addition to the already mentioned datatypes, functions can return a void – i.e. return nothing.

Arguments in the function call can be passed to the function either by value (the function’s parameter is initialized to the value of the variable or expression in the function call), or by reference (the parameter is given the address of the actual variable to work with, and so can potentially change the original variable). Passing an argument by reference is achieved by appending the reference operator & to the datatype of the appropriate parameter in the function definition. e.g. in the following, when the function f1 is called the first argument will be passed by value, and the second by reference:

int f1( double a, int& b )

{


function body

}

Note that a C++ program is itself just a function with the name main().

· C++ control structures: iteration:

while (condition)

statements

(where statements can be a single statement or a code block enclosed in { } ).

If and only if condition evaluates to the bool value true, the statements are executed, and condition is re-tested.

(Almost) anything that can be written using a while structure can be written with the for structure:

for( initialization; condition; update )


statements

where ‘initialization’ will usually be used to initialize a loop counter, and ‘expression’ to increment it.

Another version of the while structure forces the body statements to be executed at least once before the condition is evaluated:

do


statements

while(condition);

(note the closing ‘;’)

· Selection or branching:

if (condition)


statements

Also:

if (condition)


statements

else


statements

These can be nested to obtain multiple branches:

if (condition)


statements

else if (condition)


statements 

else if (condition)


statements

.

.

.

else


statements

Another way of achieving this result is the switch structure:

switch (controlling_expression)

{

case n1:


statements


break;

case n2:


statements


break;

default:


statements


break;

}

(Note: The switch ‘controlling_expression’ must evaluate to one of the int or char datatypes, and n1, n2, etc. must be integer or character literals; also, both the break and default statements are optional.

· C++ allows for the creation of classes (a kind of “blueprint”), from which objects can be instantiated. A class not only specifies the various types of information which can be managed by objects created from it, but also provides an interface by which the programmer can access and manipulate that information in an orderly & controlled fashion – the interface consists essentially of a set of built-in operators and functions, known as member functions, that are invoked by the syntax object.memberfunction(). 

· Some classes provided by the Standard Library:

· input and output streams, provided by <iostream>: cout is an ostream that is automatically set up & connected (in most environments) to the monitor; and cin is an istream that is automatically set up & connected to the keyboard. The most common operators on these objects are the stream insertion (<<) and extraction (>>) operators, which handle most of the necessary conversion between the various data types and the ASCII characters of normal I/O. endl is a stream manipulator (also defined in <iostream> that adds a newline character to the ostream & flushes the output buffer to the monitor.

The extraction operator >> when used with cin will skip any initial whitespace, and then regard whitespace between other keyboard characters as separating multiple entries. Thus

cin >> a >> b; will assign the first continuous entry to a & the next continuous entry to b.

(cin >> a) can also be used as a condition statement: it will return false if the last read produced an invalid I/P or end of file.

<iomanip> provides some manipulators for the output stream, e.g. setprecision(n):

cout << setprecision(n);

will set the number of significant figures for any floating point values output.

· More I/O: 

output stream functions provided by <ios>:

os.width( n );
//Sets & returns the width of the output stream, and right justifies the next item written to os to width.

os.precision( n ); 
//Sets & returns the the precision of floating point numbers output to the os
manipulators provided by <iomanip>:

os << setw( n )

//same as .width(n)
os << setprecision( n )
//same as .precision(n)

The <fstream> library provides the ifstream and ofstream classes for file i/o. ifstream & ofstream objects behave just like the cin & cout objects, except that we have to declare & initialize them ourselves:

ifstream in_file;

ofstream out_file;

infile.open( "inputfile.txt" );

out_file.open( "outputfile.txt" );

· More Standard Library:

The <cmath> header provides us with a number of standard math functions (pow, sqrt, etc.)

The <cstdlib> header provides us with a number of other useful functions, such as exit(int)

· Structs:

We can group several different kinds of data together in a single record defined by a struct. Once we have defined a struct, we can use it in exactly the same way we use any of the basic data types - declare variables of the struct type, have functions take parameters or return values of the struct type, build arrays of the struct type, etc.

An example of a struct for holding dates:

struct Date

{


int month;


int day;

int year;

};                    // note the terminating ";"

We can now declare variables of type Date:

Date birthday, due_date;

We can also initialize such a variable at the same time:

Date thanksgiving = {11, 27, 2003};   //note curly braces

We access (read or write) individual data members of such a variable using the dot operator:

today.month = 12;    // sets the month element of the variable today to 12

y = birthday.year    // assigns the value of the year element of birthday to y

· Arrays

A collection of variables all having the same name & data type, distinguished from one another only by a subscript or index, is called an array, e.g.

int scores[10];

declares an array of 10 int variables called scores[0], scores[1], .... scores[9]

each of these variables can be used in exactly the same way any regular variable can be used; in addition we can use any int expression in place of the index, so we can then use the variables in loops & branches, etc.

It is important to note that the index begins at zero, and ends at the array’s size – 1.

for (int i = 0; i < 10; ++i)

{


cin >> scores[i];

}

Arrays can be passed to functions: passing by array is very similar to passing by reference, in that the original array is affected by whatever is done to the array parameter in the function.

void fill_array( string a[], int size );
//declaration – note the empty [ ]

...

fill_array( firstnames, 10 );


//call – note the absence of [ ]

...

void fill_array( string a[], int size )
//definition – same as declaration

{

for (int i = 0; i < 10; i++)

{



cin >> firstnames[i];

}

return;

}
· Programming methodology:

The most effective sequence for creating a program is:

· problem analysis

· algorithm

· pseudo-code

· identify tasks that can be effectively packaged as functions

· write the function declarations, with comments giving the pre- and post-conditions (i.e. describe the interface to the function)

· write a simple main() function and a stub (a stripped-down definition) for each of the functions, in order to test the basic logic & flow of the program

· now write the full code for each function, testing it thoroughly with its own driver (a stripped down main() function whose only purpose is to call the function being tested & try it out with a range of possible inputs)

· The basic rule is that you should have only one untested element in your program at any time

· See the case study in Chapter 10, section 2 of Savitch for a very good & detailed example of this methodolgy.
