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Presentation Notes
The previous chapter focused on forming C++ statements and simple programs consisting of statements running once from beginning to end. However, such programs are limited to solving only simple problems. More complex problems require more flexible statements. Control statements increase the computational power programs can bring to bear on real-world problems.




C++ STATEMENTS

• C++ programs consist of many 
statements

• A compiler translates statements into 
machine code

• Consists of numeric codes representing 
simple operations such as ADD and AND

• One C++ statement typically translates 
to many machine code instructions

MACHINE INSTRUCTIONS

STATEMENTS AND INSTRUCTIONS

The following conceptual discussion ignores the distinction between C++ statements and 
machine code instructions, treating them interchangeably
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Presentation Notes
First, to create a framework for the following discussion, consider the distinction between C++ statements and machine code instructions. C++ programs consist of many statements, and it is the compiler’s task to translate them into machine code. Machine code consists of numeric codes representing simple, fundamental operations such as adding two values or calculating a logical-AND. Most C++ statements typically translate into many machine code instructions. The following conceptual discussion treats C++ statements and machine code instructions interchangeably.




VON NEUMANN CYCLE VON NEUMANN ARCHITECTURE

STORED PROGRAM COMPUTERS
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A limited view of computer hardware and operation helps explain the behavior of programming statements. John von Neumann introduced the idea of the stored program computer in 1945. Its defining feature is storing programs and data in the same memory hardware. To run a program, the computer runs through a rigid cycle of fetching an instruction from memory, decoding it to determine its meaning, and executing it.
An abridged view of a computer’s central processing unit, or CPU, shows it containing a control unit, an arithmetic logic unit, and a set of registers. The control unit drives the fetch-decode-execute cycle and governs the other components. The arithmetic logic unit performs simple calculations. Different computers have varying numbers of registers - fast, one-word memory. Some perform general data operations, while others are dedicated to a specific task. One dedicated register, the program counter, stores the address of the next fetched instruction. The hardware automatically increments the address with each fetch, advancing it to the next instruction.




FLOW OF CONTROL
NEXUS OF CONTROL

int main()
{
    double f;
    cout << "Fahrenheit: ";
    cin >> f;

    double c = 5.0 / 9.0 * (f - 32);
    cout << "Celsius = " << c << endl;

    return 0;
}

int main()
{
    double f;
    cout << "Fahrenheit: ";
    cin >> f;

    double c = 5.0 / 9.0 * (f - 32);
    cout << "Celsius = " << c << endl;

    return 0;
}
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Imagine a program printed on a long roll of paper and a marker placed at the beginning. If we advance the marker as each statement executes, the line it makes indicates the program’s “flow of control,” or “execution path.” At any given instance during program execution, the tip of the marker points to the focus or nexus of control - the statement the computer is currently executing.




THREE KINDS OF CONTROL

• Sequential

• Branches

• if, if-else, if-else ladder

• switch

• Loops / Iteration

• for, for-each (for-range)

• while

• do-while

• The program changes the address stored 
in the program counter

• The non-sequential flow is determined by 
“conditions”

• The values stored in one or more variables

• Some time-changing environmental 
situation
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Imperative programming languages typically classify statements into three categories: sequential, branches, and loops. The latter two alter the default sequential execution of the fetch-decode-execute cycle imposed by the program counter. To alter the sequential execution, the program must change the value stored in the program counter. Dynamic conditions control the loops and branches. Programmers base the conditions on the values stored in one or more variables. They can also base the conditions on more complex situations, but the text doesn’t address them.




SEQUENTIAL STATEMENTS
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Statements are recursive elements, meaning that a statement plus some syntax is still a statement. This observation suggests that programmers can extend a sequence of statements by converting a simple statement into a more complex one. The remainder of the chapter expands on this idea to implement loops, branches, and block statements.
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