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Computer Architecture
Week 1

Modern Computers

· Computer = Machine that manipulates, stores & retrieves data

· Types of computers:

· Mainframes (100s users), Minicomputers (several users), Microcomputers (single user)
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Hardware = Main unit + supporting devices (mouse, monitor)

· Software = The programs that make the hardware do something (games, compilers)

· Program/code = A sequence of instructions that the machine understands



Computer Hardware

· Main unit = CPU + main memory (note: All components connected by a bus)
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CPU = The "brain" (note: uses machine code).

· ALU - arithmetic/logic unit - Performs logic (3 < 4?) & numeric (3 + 4=) calculations

· CU - control unit - Coordinates the interaction of all the devices & the CPU

· Main memory:

· Sequence of numbered information blocks (memory cells) - each holding a small amout of data represented by a binary number (binary digits = bits)

· Types of memory:

· RAM - (read & write, volatile) - stores programs & variables

· ROM - (read, non-volatile) - holds start-up instructions

· Types of Supporting Devices (peripherals):
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Input, Output & Secondary Storage Devices (non-volatile memory - hard drives, zip disks - for storage of programs & info)

· Types of Computer Networks:

· LAN (eg: campus networks) & WAN


Computer Software

· System software = Operating system software (eg: Windows) - manages the computer & devices - allows user interaction

· Application software = Program run by user for a specific task (eg: word processors, database software etc) 

· note: from the computer's point of view, there is no difference 



Computer Languages

Week 1

Programming Languages

· Types of Languages:

· Machine Language = (eg: 10100110) Binary code in bits. All program instructions are in binary ( binary is CPU specific (note: 8 bits = 1 bite).

· Assembly Language (Low-level Language) = (eg: STORE A) representing binary code by symbols. Easier to understand but still difficult to write and CPU specific.

· High-level Languages = (eg: C++, Basic etc) Based on natural languages, much less machine-specific, easier to understand & a lot shorter ( one high-level statement may translate into many low-level statements.

· Compiler = Performs compliation by translating high-level programs (source code) into low-level programs (applications). Low-level programs can then be compiled into machine code.

· C++ = A high level, procedural & object-oriented, general purpose programming language (note: designed by Bjarne Stroustrup 1980s) based on C (invented by Dennis Ritchie in 1970s) 

Compiler Warnings and Errors

· Debugging = The task of removing "bugs" (program errors) from programs 

· Warnings = "mild" bugs, which might cause errors

· Three types of program errors:

1. Compile-time Errors = Violate the rules of the programming languge (eg: “ int A, B C ” ) & are identified by compiler. Also called syntax errors or data errors.

2. Run-time Errors = Programs contain invalid operations ( eg: A = B / 0; )

3. Logic Errors = The program does not match its algorithm - causing unwanted/incorrect result (eg: aircraft computer program causes wheels to retract before airborne)



Software Design

Week 2

Programming Development

· The six steps of program development: 
(WWDRAT)
1. Analyse the Problem ( define the problem and clearly think out what is required. Break problem down into sub-problems (consider inputs, desired outputs and assumptions).

2. Develop an Algorithm ( solve problem clearly using modular approach

3. Write Documentation ( problem analysis, algorithm design, module specifications, pseudo conde, comments in source code, users manual

4. Write Problem Code ( translate algorithm into code (module documentation as comments)

5. Run Program ( compile and execute program
6. Test the Problem ( test program with data extremes, likely input situations & then fix errors (may require re-development of previous steps)

· Top-Down Analysis = Breaking the problem into sub-problems & analysing each individually 

· Algorithm = A sequence of clear steps for solving a problem (note: has a unique starting point & one or more ending points)



Developing Algorithms

· Concepts of Top-down Design:

· Stepwise Refinement = Divide the overall problem into smaller sub-problems & continue until they become trivial (the lowest level problems should have singular objectives)

· Module = Problem at a particular level of refinement.

· Structure Chart = Diagram of the relationships between modules. Arrows indicate the direction of information flow.

· Module specifications = Outline the inputs, outputs, assumptions, & objectives of all non-trivial modules (note: The top module objective is the statement of the problem)

· Pseudo-code = A half-English, half-code notation ( a clear expression of all non-trivial module objectives (description in English & sentences structured like program code) ( easily translated into program code ( useful for finding logical mistakes before they become "bugs" (note: Each module is based on the modules below).

· eg: Update a checkbook after a transaction 

· Structure Chart (Algorithm Design)
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· Module Specifications 

Module: Update checkbook
Input:  -

Output: -

Assume: -

Object: Update a checkbook after a transaction has been made

Module: Get information
Input:  -

Output: starting (current) balance,

        transaction type,

        transaction amount

Assume: user-input will be in correct form

Object: Collect information from the user (via keyboard)

        in a readable way

Module: Perform computations
Input:  starting balance,

        transaction type,

        transaction amount

Output: ending balance

Assume: withdrawals will not exceed current balance

Object: Calculate the ending balance




Module: Display results
Input:  starting balance,

        transaction type,

        transaction amount,

        ending balance

Output: -

Assume: -

Object: Display the balance, & transaction information

        in a readable way

Module: Display transaction
Input:  transaction type,

        transaction amount

Output: -

Assume: -

Object: Display the transaction type & amount

        in a readable way

· Pseudo-code 

Update checkbook 

1. Get information

2. Perform computations

3. Display results

Get information 

1. Get information 

    1.1 get starting balance

    1.2 get transaction type

    1.3 get transaction amount

Perform computations 

2. Perform computations

    2.1 if deposit then

            add transaction amount to balance

        else

            subtract transaction amount from balance

    2.2 store result in ending balance




Display results 

3. Display results 

    3.1 display starting balance

    3.2 display transaction

    3.3 display ending balance

Display transaction 

3.2 display transaction

    3.2.1 display transaction type

    3.2.2 display transaction amount

· note: When the program is translated from the pseudo-code ( modules correspond to segments of the program.

· note: The solution/program could be used in other situations (more complex transactions etc)



What is Software Engineering?

· Software Engineering = Process of developing & maintaining large software systems

· Large software = 100,000 lines of code or more ( many people work on developing software (problem analysers, solution designers, programmers, managers)

· Systems are expected to be: reliable, economical, flexible & user-friendly



Software Life Cycle

· Software is designed, used, & replaced

· The phases are:
(DOTMAC)
1. Analysis = Determine form of input/output ( handle data entry errors

2. Design = Solution developed using a modular approach

3. Coding = Easy if design is sound

4. Testing/Verification = Testing individual modules (vital for software reliability)

5. Maintenance = Software released ( repairs & additions made as required

6. Obsolescence = Software replaced or removed when obsolete 



Object-Oriented Design

· Modular design is one of many software engineering techniques 

· Object-oriented Design Concept: Focussed on the data not manipulation. Larger software components are constructed from smaller ones (objects). Objects can be customized & combined in many situations

· Benefits: Software objects represent the "real" objects being modelled. Objects are reusable & development is incremental



The Big Picture

· Building & Execution 

· Computer Scientists devises algorithm ( Programmer converts algorithm to a program ( Compiler converts program to machine code & stores on disk ( Machine code is loaded into RAM ( Instructions are transferred from RAM to the CPU & executed.



Writing C++ Programs

Week 3

Words

· Reserved Words ( These have predetermined meanings (cannot be variables
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· Library Identifiers ( These get their meaning from a library supplied by the language implementation (note: possible for programmer to change their meaning)

· eg: (cin  pow  setw ( #include <iostream.h> )

· note: <limits.h> & <float.h> define useful constants (eg: INT_MAX for the maximum integer)

· User Identifiers (or Programmer-supplied identifiers)
· Chosen by programmer to name pieces of data & code (most often for variables) 

· User identifiers must start with a letter or an underscore ( and consist of only letters, digits, & underscores (no spaces or other characters)

· note: In C++ words are case sensitive. All C++ defined words are in lower case

Syntax 

· The syntax of C++ tells us how we can write C++ programs. 

· Not all syntactically correct programs are legal; they may not have a valid meaning. Thus we must also know the semantics of programs.

· Syntax can be described in a variety of ways:

· Syntax diagram:
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Data 

· Data is stored in constants & variables. Every item of data has a type.

· The three main C++ data types: int, float & char.

· note: More complex data types are built from these simple types.

Program Components

· Simple C++ programs contain the following five components: 
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· eg: Components of reswords.cpp program

	#include <iostream.h>
#include <iomanip.h>
	Preprocessor Directives

Inclusion of libraries is 

done using the #include directive.



	const int LOOP_LIMIT = 10;
const char SKIP = ' ';
	Constant Definitions

These values cannot change



	int main (void) 
{
	Main Program Heading

Indicates where program starts



	   int Index, Number, Sum;
   float Average;
	Declaration Section

Each variable must have a type



	   Sum = 0;
   for (Index = 1; Index <= LOOP_LIMIT; ++Index) 
   {
      cout << "Enter a number and press enter: ";
      cin >> Number;
      Sum = Sum + Number;
   }
   Average = Sum / LOOP_LIMIT;

   cout << setiosflags(ios::fixed | ios::showpoint) << setprecision(2);
   cout << endl;
   cout << setw(10) << SKIP << "The average is" 

        << setw(8) << Average << endl ;
   cout << endl ;
   cout << setw(10) << SKIP << "The number of scores is"
        << setw(3) << LOOP_LIMIT << endl ;
   return 0;
}
	Statement Section

Program made up of statements.

Compound statements are built

by enclosing a sequence of

statements in curly braces { }

Each action terminated by ;




Simple Data and Variables

Week 3

Data Types

· Memory holds data in the form of bits (0 or 1) used to represent data values

· Data types determine how values are represented in memory.

· Simple C++ data types: 
int, float (real no.), double (bigger than float), char
· There are limits to how large/small/accurate numbers can be represented by computers. Different computers have different limitations. 



Data Literals 

· Literal data has to be specified when the program is written. 

· int literals ( Can have a leading + or – ( considerable limits on magnitude (eg: 42   -27   32767)

· float and double literals ( In fixed point or scientific format 

· eg: Fixed points (
12.34

-0.0012
      Floating point (
1.234E1

-1.2E-3
· char literals ( Delimited by single quote marks ( or represented using ASCII encoding

· eg: Character (
A
B
a
      Decimal code (
65
66
97
· eg:
'a'
'\b' (for backspace) 
'\t' (for tab)

· string literals ( Delimited by double quotes ( eg: "hello there" ).

· To include a special symbol inside a string ( precede by a backslash (eg: " \"quote\" " )



Variables

· A variable name refers to a piece of memory where data of the specified type can be stored.

· Variables must be declared. The declaration specifies the type of value & the variable name. 

· General form:
<type identifier> <variable name>, <variable name> … ;
· eg: 
int Total;

float Cost, Average;


Assignment Statements

· Initially a variable has an indeterminate value ( an assignment statement is used to change it. 

· General form:
<variable name> = <expression> ;
· ie: Calculate the value of the expression & assign that value to the named variable.

· eg: 
Postcode = 4810;
Initial = 'M';
SumOfSquares = (3 * 3) + (4 * 4) + (5 * 5);

Copy = Original;
Age = 17 + Offset;
Average = Total / Number;
x = x + 1;


Symbolic Constants

Week 3

Symbolic Constants

· Symbolic constants, like literal values, are constants in the sense they can't change value during the program execution (note: It is illegal to change the value of a constant once it is declared).

· Similar to variables ( they provide access to a piece of memory via a symbolic name.

· General form:
const <type identifier> <identifier> = <value>;
eg:
const int MAXIMAL_MARK = 100;

const float INCHES_TO_CM = 2.54;

· Symbolic constants can be used anywhere a value of the constant's type can be used.

eg: 
PassMark = MAXIMUM_MARK / 2;


cout << "1.6 inches is " << 1.6 * INCHES_TO_CM << " cm" << endl;


Why Use Constants?

· Symbolic constants are not really necessary ( could use literals instead. 

· Benefits: Can make code shorter & easier to read/modify & constant is easy to change (avoid redundancy ( if constants not used & literal is changed, forgetting to change all entries means program ( corrupt or inconsistent)



Simple Input and Output

Week 4

Output (with cout)
· General form:
cout << expression1 << expression2 << ... ;
· Placing cout statements in code can be useful for debugging-purposes. 

· A standard library for input/output can be obtained by: #include <iostream.h>
· note: Output produced on one line unless endl is used. 

· eg:   cout << Num1 << " + " << Num2 << " is " << Numr1 + Num2 << endl;


Input (with cin)
· General form: cin >> variable_name1 >> variable_name2 >> ... ;
· Should always come with prompts ( user knows what to enter. 

· cin causes the execution of the program to stop until input is complete ( data is unsually not available to program until Enter is pressed.
· Whitespace seperates values (to read whitespace characters is tricky). 

· The input must match the types of the variables. 



Formatting Integers

· By default integers are printed out in exactly the right amount of space.

· To set the field width use: #include <iomanip.h>
· Function setw ( used in output to set field width for the next output (one only) ( output is right-justified in the field
· eg:
Statement 




Output (* = space)

cout << setw(7) << -263<< setw(3) << 21;
         

***-263*21

cout << setw(3) << 65536;



65536
· note: If number is too big to fit ( the field is extended to correct size.

· note: When setw used on strings ( string is truncated on the right end if it doesn't fit.



Formatting Real Numbers

· By default real numbers are displayed in floating point notation (depends also on their size). 

· To set fixed point notation use: cout << setiosflags(ios::fixed);
· Using setw works for real numbers too ( but be aware of decimal point, 'E' & '-'. 

· The function setprecision ( sets the number of decimal places (remains effective until changed).

· eg:
Statement 




Output (* = space)

cout << setprecision(4) << setw(10) << -0.00456;     

***-0.0046

cout << setprecision(2) << setw(10) << 341.2;      

****341.20

cout << setprecision(2) << setw(10) << 023.14;      

*****23.14

· note: If there are more places than can be displayed ( number will be rounded up. 



Arithmetic

Week 4

Integer Arithmetic

· note: Computers originally used solely for calculation ( basic features like pocket calculator. 

· Basic operations: +, -, *,   /  (integer division),   %  (modulus – integer remainder division)

	()
	* /

%
	+ 

–


· Order of operations in expressions:

· eg: 
       6 - 3  *  2 + 5  = 5

6 - 3  * (2 + 5) = -15

5 % 3 = 2
· int in has a restricted range. 

· If answer is too large (+ or -) an overflow error occurs (uncommon) ( may terminate the program or just produce an unpredictable, incorrect value.



Float Arithmetic

· Real numbers have the same operations as integers except there is no modulus operator

· Rules for evaluating real expressions same as for integer expressions.

· float has restricted range & accuracy (note: overflow error applies). 

· Only a certain number of significant digits can be stored ( restricted accuracy (eg: evaluate [-45.5 + (45.6 + .215)] if only three digits of accuracy are available). 

· Numbers close enough to zero ( indistinguishable from zero. 



Mixed Arithmetic

· Expressions containing both integer & float values are evaluated as though integers were floats (sort of) & the result is a float (note: always try to use only one data types in any expression).

· eg:
3 + 4/3 = 4

3.0 + 4/3 = 4.0

3 + 4.0/3 = 4.3333333


Assignment Operators

· Arithmetic expressions are often used to update the value of a variable. (note: A= A+ Num;)

· C++ provides a shorthand for such updates 

· General form:
<variable> <operator> = <RHS operand>
· eg: 
Total += Number; 
// means Total = Total + Number;


Result /= 2.5; 
// means Result = Result / 2.5;


Increment and Decrement Operators

· int variables often need to be incremented or decremented ( C++ provides operators for this.

· ++ for increment, -- for decrement 

· They can used on a variable by itself, either in prefix or postfix form: 


--Value;

Index++;

· note: When used on a variable by itself, it does not matter which form is used. 

· The operators can be used on variables in expressions. 

· In prefix form ( variable updated ( updated value used in the expression.

· In postfix form ( original value of variable used in expression ( then variable updated.

· eg:

Number = 3;

Total = ++Number * 2;    // Total becomes 8

Number = 3;

Total = Number++ * 2;    // Total becomes 6

Number = 3;

Total = Number-- * 2;    // Total becomes 6

Number = 3;

Total = --Number * 2;    // Total becomes 4

Type Compatibility and Conversion

Week 4

Type Compatibility

· Type Compatibility = Situations where a value of a particular type is expected (eg: in assignments, function arguments or arithmetic expressions where all values are expected to be of the same type) 

· If a value is of wrong type ( either an error occurs or C++ does a conversion



Type Conversion

· Type promotion = (eg: int can be converted directly to a float) ( no information lost ( every integer value can be represented as a real

· eg: 

float Rate, FinalIncome;

int Income;

Rate = 2;                      

// Rate becomes 2.0

FinalIncome = Income * Rate;  
 
// Income is converted to a float
· Type truncation = (eg: floats can be truncated to make int) ( possible information lost ( the decimal part of the float is discarded. 

· eg: 

int Income;

Income = 123.99;       // income becomes 123

Income = 2 * 5.4;      // 2 promoted to float, 10.8 calculated, 

                      
 // 0.8 discarded, income becomes 10
· note: doubles can be truncated to floats ( floats can be promoted to doubles



Type Casts

· Type casts force a type conversion.

· Form: <type> (<expression>) 

· eg: 
int Left, Total, Dummy;

float Number;

Left = Total % Number;          
// illegal because % only works on ints

Left = Total % int(Number);     
// ok, because convert number to int first

Dummy = Number;                 
// longer way to do conversion

Left = Total % Dummy;


Characters and Conversion

· In C++ character values are compatible with ASCII encoding as integers.

eg: 
int Value;

char C1;

Value = 'A';          // Value becomes 65

C1 = 59;              // C1 becomes ';'
· This facility can be useful, (eg: converting from uppercase to lowercase)

· note: the ASCII code of a lowercase letter is 32 more than its uppercase.

eg: 
char UpperCase, LowerCase;

cout << "Enter an uppercase character : "; cin>> UpperCase;

LowerCase = UpperCase + 32;

LowerCase = UpperCase + 'a' - 'A';
//another way of writing previous statement


Library Functions

Week 4

Library Functions 

· Functions are self-contained pieces of code that perform useful tasks. Numerous library functions are provided & a programmer can also write their own.

· To use a function you call it.

· General form of a function call:
<function name> ( <argument list> )
· Library functions return a value of a specific type. eg:

#include <iostream.h>

#include <math.h>

int main(void) 

{

   double Result, TwiceCube;

   Result = pow(2,4);

   cout << "2 to the power of 4 is " << Result << endl;

   TwiceCube = pow(97, 3) * 2;

   cout << "The square root of " << TwiceCube << " is " << sqrt(TwiceCube) << endl;

   ………

· Argument List = A comma-separated list of expressions ( these are the function's parameters.

· The types of the expressions must match what the function is expecting. 

· eg: the setw and setprecision functions have one integer parameter. 

· The argument list can be empty but the parentheses are still required.
· From math.h:

double cos(double x);

double pow(double x, double y);

double sqrt(double x);

· eg:

double f;

double x,y;

f = cos(x) + log(y);

cout << setprecision(2) << floor(f) << endl;

· note: The mathematics library math.h functions uses the type double (a float can of course be promoted to a double if necessary.) 



Functions

Week 5

Introduction to Functions

· note: Every program must have a single main function.

· Library functions perform things like square roots or set field width & precision on output.

· C++ lets you define your own functions

· A function is like a sub-program that you write & then can use in your main program. 

· You declare a function (to tell the compiler that it exists), write the implementation (code) for it, and then you can call it from your main function (or even from other functions). 

eg:

	#include <iostream.h>

#include <iomanip.h>
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int avg (int number1, int number2);


	Function must be declared (usually before the main function)

General form:

<return type> <function name> (<list of argument specifiers>);

	// ----------------------------------------------------

int main ()

{

int score1, score2;

float average;

cout << "Enter scores: " ;

cin >> score1 >> score2;


	

	average = avg (score1, score2);

cout << "Average is " << average;

return (0);

}


	Functions can be used or called (using their name followed by brackets including the variables you want plugged in)

	// ----------------------------------------------------

int avg (int number1, int number2)

{

int average, sum;

sum = number1 + number2;

average = sum / 2;


	Function must be implemented (usually after main function)

General form: 

< copy of declaration without ; >   {

< local variable declarations >

< statements >   }


	return (average);

}
	If the function is to return values, a return statements is used (otherwise errors occur). Functions can only return one value to the function name.

General form:
return(<expression>);



	
	note: Variables declared in functions are local to that function (this is called their scope)  and are  recreated and destroyed each time the function runs.




Parameters

· As well as return values, input & output from and to functions can be done using parameters.

· Value Parameters 
· Used for passing data into functions. 

· Value parameters are local variables that receive values from the function call. 

· When calling the function a value is copied to a value parameter.

· Library function (eg: pow(A,B)) are of this form. 

· Value parameters in function declarations & definitions:

· General form: <data type> <parameter name>
· The parameter name defines a local variable in the function which receives the value passed in.
· note: that the parameter name & the variable name in the call (if a variable is used) do not have to be the same.

	eg: Parameters, local variables, and return value

#include <iostream.h>

int Cube(int Value);

//--------------------------------------------------------------------

int main(void) {

   int InputValue,CubedValue;

   cout << "The cube of 27 is " << Cube(27) << endl;

   cout << "Please enter a value to cube : ";

   cin>> InputValue;

   CubedValue = Cube(InputValue);

   cout << "The cubed value is " << CubedValue << endl;

   return(0); }

//--------------------------------------------------------------------

int Cube(int Value) {

   int Result;

   Result="Value" * Value * Value;

   return(Result); }
	eg: Passing an expression value to a function 

#include <iostream.h>

int Cube(int Value);

//--------------------------------------------------------------------

int main(void) {

   int InputValue;

   cout << "Enter a value to cube : ";

   cin>> InputValue;

   cout << "The cube of 3 times the value is " << Cube(InputValue * 3) << endl;

   return(0); }

//--------------------------------------------------------------------

int Cube(int Value) {

   return(Value * Value * Value); } 




· Reference Parameters 
· Used for passing data into functions from variables, and out of functions to variables. 

· Reference parameters are new names (aliases) for variables in the calling code. 

· The new alias will be another name that points to the same piece of physical memory ( therefore any changes you make to that piece of memory are reflected in both variables (since they are really one variable).

· Reference parameters in function declarations and definitions:

· General form: <data type> &<parameter name>
· note: You use the & for both the declaration and implementation, but not for the call. 

· note: The parameter name defines a new name in the function for the variable in the call.

eg:

	#include <iostream.h>

int ReturnCube(int Value);

void ParameterCube(int Value, int &CubedValue);

//--------------------------------------------------------------------

int main(void) 

{

   int InputValue,CubedValue;

   cout << "Enter a value to cube: "; cin>> InputValue;

   cout << "Cubed value:  " << ReturnCube(InputValue) << endl;

   cout << "Enter a value to cube : "; cin>> InputValue;

   ParameterCube(InputValue,CubedValue);

   cout << "The cubed value is " << CubedValue << endl;

   return(0); }

//--------------------------------------------------------------------

int ReturnCube(int Value) {

   return(Value * Value * Value); }

//--------------------------------------------------------------------

void ParameterCube(int Value, int &CubedValue) {

   CubedValue="Value" * Value * Value; } 


	#include <iostream.h>

int Area(int Length, int Width);

void GetData(int &Length, int &Width);

//--------------------------------------------------------------------

int main(void) {

   int ThisLength, ThisWidth;

   GetData(ThisLength, ThisWidth);

   cout << "The area is " << Area(ThisLength, ThisWidth) << endl;

   return(0); }

//--------------------------------------------------------------------

void GetData(int &Length, int &Width) {

   cout << "Enter the length : "; cin>> Length;

   cout << "Enter the width : "; cin>> Width; }

//--------------------------------------------------------------------

int Area(int Length, int Width) {

   return(Length * Width); }






Calling Functions

· The main function can call functions, a function can also be called from within a function

· eg: 

float WastedBoxArea(int PizzaDiameter)

{

   return(PizzaBoxArea(PizzaDiameter) -PizzaArea(PizzaDiameter));

}



eg: more functions

	#include <iostream.h>

int ReadAndReturn(void);

//--------------------------------------------------------------------

int main(void) {

   int UsersValue;

   UsersValue = ReadAndReturn();

   cout << "The integer is " << UsersValue << endl;

   return(0); }

//--------------------------------------------------------------------

int ReadAndReturn(void) {

   int InputValue;

   cout << "Enter an integer : ";   cin>> InputValue;

   return(InputValue); }
	#include <iostream.h>

void PrintIntroduction(void);

//--------------------------------------------------------------------

int main(void) 

{

   PrintIntroduction();

   return(0);

}

//--------------------------------------------------------------------

void PrintIntroduction(void) {

cout << "This program is wonderful." << endl;

cout << "It was written by Tony Sloane." << endl; }




The main Function 

· The main function must exist ( the operating system (OS) starts execution by calling it.

· A common function heading for main is: int main(void)… indicating that main returns an int and takes no arguments.

· The return value should indicate success or failure to the OS.

· Convention: A return value of 0 indicates success and any other value indicates failure. 

· The main function can have value parameters to receive data from the OS (such as command line arguments (like an input filename)).

· The main value parameters are not as simple as for user defined functions. 

Modular Software Design

Week 6

Modularity

· When a problem is complex it is desirable to build the program out of functions:

· Each function is responsible for solving some subproblem.

· Each internal module of the design is implemented by a function. 

· The term structured programming is used to describe the process of developing a program using functions instead of just a single sequence of statements.

· Functions are sometimes referred to as subprograms. Structured programming as described above, is also called functional decomposition or procedural programming (function=procedure).

· Modularity is desirable for a number of reasons 

· Functions can be developed & tested independently. This is called bottom-up testing because by testing the functions separately & then combining them we are proceeding from the bottom up in the structure chart of the design.

· A function may be used in more than one place in a program.

· A function may be copied & used in another program.



Functions for Modules

· The top module corresponds to the main function. 

· Each internal module of a structure chart is implemented as a function. 

· Leaf modules of a structure chart are implemented directly as code, or can be implemented in a function.

· Module input & output specifications specify function parameters & return values. 

· Module assumptions & objectives specify what functions do. 

· Local data of modules correspond to local variables of functions. 

· Pseudo-code specifies program code - use as comments. 

Example ( See Website (4.1 & 4.4)
Type Definitions and Booleans

Week 6

Type Definitions

· New data types or new names for existing data types can be defined using typedef 

· General form:

typedef <type definition> <new type name>; 

· A defined type behaves exactly as the data type it was based on ( including their use in inputs & outputs, constant declarations, variable declarations & functions.

· This renaming of types is useful for making meaningful types

· eg: Renaming int

#include <iostream.h>

typedef int HeightInCM;

const HeightInCM AverageHeight = 180;

//---------------------------------------------------------------

int main(void) {

   HeightInCM YourHeight;

   cin >> YourHeight;

   cout << "Your height is: " << YourHeight << endl;

   return(0); }


The Boolean Type

· C++ has no explicit Boolean type, but kind of recognises 0 as FALSE and anything else as TRUE

· note: Define a Boolean type following this convention:

#include <iostream.h>

typedef int boolean;

const boolean FALSE = 0;

const boolean TRUE = 1;

//---------------------------------------------------------------

int main(void) {

    boolean AllStudentsWillPass;

    AllStudentsWillPass = FALSE;

    cout << AllStudentsWillPass << endl;

// program outputs 0

    return(0); }


Type Definitions in a Library Header File

· Rather than retype common type definitions in each program ( store them in a library header file.

· Library header files can be included in programs

· The iostream.h file is an example

· Most header files have an associated implementation file

· For type definitions, only the header file is needed

· eg: boolean.h ( header file

//---------------------------------------------------------------

typedef int boolean;

const boolean FALSE = 0;

const boolean TRUE = 1;

· note: Include this header file in a program using ""s  - not <>s 

#include <iostream.h>

#include "boolean.h"

//---------------------------------------------------------------

int main(void) {

    boolean AllStudentsWillPass;

    AllStudentsWillPass = FALSE;

    cout << AllStudentsWillPass << endl;

// program outputs 0
    return(0); }

· eg: Meaningful use in a function

boolean DividesInto(int Denominator, int Numerator) {

     return ((Numerator % Denominator) == 0);

}


Boolean Expressions

Week 6

Relational Operators 

· Each relational operator compares two expressions and returns a Boolean value.

· The inbuilt relational operators act on char, int & float
· The six C++ relation operators:
 < , >, <=, >=, == (equality), != (inequality),

· note: Don't confuse == with =    ( They are totally different.

· Relational operators are evaluated AFTER arithmetic ones (they have a lower precedence)

· eg:

	Expressions
	Value 

	'a' > 'A'
	TRUE

	3 > 4 * 0.5
	TRUE

	3 + 4 * 2 % 3 <1 
	FALSE 

	4 + 3 * 2 != (4 + 3) * 2 
	TRUE 

	(3 * 4 <= 13) == (22>= 3 + 4 * 5)
	FALSE 

	(3 * 4 <= 13 == 22 >= 3 + 4 * 5)
	AVOID ! 


 3 > 4 * 0.5

3 > (4 * 0.5)

do 4 * 0.5 first

3 > (4.0 * 0.5)
promotion 4 to 4.0

3.0 > 2.0

promotion 3 to 3.0

TRUE
#include <iostream.h>

#include "boolean.h"

int main() {

   boolean theBool;

   theBool = (11 == 12); 
// theBool = 0

   return 0; }



Logical Operators

· In natural language we combine conditions using such words as "and" and "or". 

· Programming languages provide logical operators to combine logical (Boolean) values 

· The three C++ logical operators:
&& (and),  || (or),  ! (not)

· The logical operators are defined by truth tables

	X
	Y
	X && Y
	X || Y 
	
	X
	!X

	0
	0
	0
	0 
	
	0
	1

	0
	1
	0
	1 
	
	1
	0

	1
	0
	0
	1 
	
	
	

	1
	1
	1
	1 
	
	
	


eg:

	Expression
	Value 

	(3 <4) && (3>= 4)
	FALSE 

	(3 <4) || (3>= 4)
	TRUE 

	!(3 <4) || !(3 <="4) 
	FALSE


· Evaluating a Boolean expression: 

1. Add in parentheses around the logic operators

2. Evaluate the arithmetic expressions

3. Evaluate the relational expressions

1. C++ Precedence Order:
(left to right ( highest to lowest)
	()
	!
	*

/

%
	+ 

–
	<

<=

>

>=
	==  !=
	&&
	||


1. eg: 

TRUE || TRUE && FALSE

TRUE || (TRUE && FALSE)

TRUE || FALSE

TRUE

!(4 - 2 % 4 > 2) && 6 % 3 == 0

 (!(4 - (2 % 4) > 2)) && (6 % 3 == 0)

(!(4 - 2 > 2)) && (6 % 3 == 0)

(!((4 - 2) > 2)) && (6 % 3 == 0)

(!(2 > 2)) && (6 % 3 == 0)

(!FALSE) && (6 % 3 == 0)

TRUE && ((6 % 3) == 0)

TRUE && (0 == 0)

TRUE && TRUE

TRUE



Short Circuit Evaluation 

· The && and || operators don't evaluate their right operand if they don't have to.

· For &&, if the left operand is FALSE then the answer is FALSE, regardless of the right operand. 

· For ||, if the left operand is TRUE then the answer is TRUE, regardless of the right operand. 

· This is called short-circuiting the execution of the expression. 

· Short-circuiting gives an efficiency benefit

1. eg: 

(4 - 2 % 4 > 2) && 6 % 3 == 0

(4 - 2 % 4 > 2) && (6 % 3 == 0)

(4 - (2 % 4) > 2) && (6 % 3 == 0)

(4 - 2 > 2) && (6 % 3 == 0)

((4 - 2) > 2) && (6 % 3 == 0)

(2 > 2) && (6 % 3 == 0)

FALSE  && (6 % 3 == 0) 
short-circuit here!
FALSE

· note: The correctness of your program should not depend on whether or whether not the system will do short-circuiting. You should only use short-circuiting to tune the efficiency of your program. 

If Statements

Week 6

Control structures 

· Straight-line code = Execution of steps one after the other with no variance (same sequence of steps happens each time) ( there are no decisions to be made and no repetition of steps. 

· Most problems require decision-making and/or repetition. 

· Control structure = Statements that use Boolean expressions to decide what other statements to execute.
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If Statements 

· A test-action pair: if a condition is true do something. 

· General form:

if (<Boolean expression>)




<statement>;
· The statement is only executed if the Boolean expression is TRUE ( if the expression is FALSE execution proceeds to the next statement after the if statement.

· eg: print a message if a value is negative.

if (Number < 0)

     cout << "The number entered is negative." << endl;

cout << "Thank you for playing." << endl;

· Use a compound statement to execute more than one statement if a condition is TRUE. 

· eg: print the square root of an input number

if (Number < 0) 

{

     cout << "The number entered is negative, taking absolute." << endl;

     Number = abs(Number);

}

cout << "The square root of " << Number << " is " << sqrt(Number) << endl; 

· note: Use of indentation 

If-else Statements 

· A test-action-action triple: if a condition is TRUE do something and if FALSE do something else. 

· General form: 
if (<Boolean expression>)



<statement 1>;
else

    
<statement 2>;
· eg: 

if (Number < 0) 

      cout << "Sorry the number is negative." << endl;

else

      cout << "The square root  is " << sqrt(Number) << endl; 

· This is an example of a robust program that tests its input data to make sure that it conforms to constraints that permit the rest of the program to work properly ( well, almost... you can still crash the program by entering invalid symbols. 
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· The statements in an if-else can also be compound statements.

· eg:

if ((Number % 10) == 0) 

{

       cout << Number << " is divisible by 10" << endl;

       Result = Number / 10;

}

else 

{

       cout << Number << " is not divisible by 10" << endl;

       Result = -1;

}

note: The use of indentation makes the code easier to read ( Placing the squiggly brackets directly above and below each other also helps users read if-else statements.

Nested and Extended If Statements

· The statements of an if can include another if ( this is called nesting if statements. 

· Nesting can continue to any level. 

eg: tell whether a number is negative, positive or zero. 

   if (Number < 0)

      cout << "The number is negative" << endl;

   else

   { 

      if (Number > 0)

         cout << "The number is positive" << endl;

      else

         cout << "The number is zero" << endl;

   }

note: Always use curly brackets (compound statements) for nested if/if-else statements or problems will occur. 

Switch Statements

Week 6

Switch Statements

· Multiway selections can be implemented using nested if statements

· However a complicated nested if structure can be hard to understand ( avoid this!

· C++ provides a switch statement ( useful when you have several choices to make depending on the value of one variable.
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General form:

switch (<selector>) 
{

    case <label 1>: 

           <statements 1>;

           break;

    case <label 2>: 

           <statements 2>;

           break;

    ...

    case <label n>: 

           <statements n>;

           break;

    default:        

           <statements >;

}
	eg: A menu system. 

int choice;

cout << "1. Search Table" << endl;

cout << "2. Edit Table" << endl;

cout << "3. Close Program" << endl;

cin >> choice;

switch (choice) 

{

   case 1:

         SearchTable();

         break;

   case 2:

         EditTable();

         break;

   case 3:

         exit(0);

         break;

}
	eg: Omitting break. 

switch (score) 

{

   case 10:

         cout << “Well done!”

   case 9:

         grade = 'A';

         break;

   case 8:

   case 7:

         grade = 'B';

         break;

   case 6:

   case 5:

         grade = 'C';

         break;

   default:

         grade= 'F';

}
	eg: Subject lecturers
switch (Subject) 

{

    case 1030: 

          cout << "Mr Colin Lemmon" << endl; 

          break;

    case 1200:

          cout << "Mr Jason Holdsworth" << endl;

          break;

    case 1500: 

          cout << "Mr Ravi Jain" << endl;

          break;

    default:

          cout << "Unknown subject! " << endl;

}


· The selector is evaluated and its value compared against each label. 

· The statements following the matching label are executed up to the break

· note: Leaving out the break means execution will proceed into the next case 

· If no label matches, the optional default case statements are executed. 

· The selector MUST be an expression yielding an integer or character. 

· The statements can be any sequence of statements including other switch statements. 

· If no case matches and there is no default, nothing is executed.

· note: All switch statements can be written as a nested if ( the choice is left to the programmer.

Arrays

Week 7

Data Structures

· For many problems it is convenient to use a collection of data values as a single unit. 

· These collections are called data structures.

· Arrays are collections of homogeneous data (ie: data values of the same type). 

· Structs store heterogeneous data (ie: data values of potentially different types). 



Arrays

· eg: To keep track of the rainfall for each year in the 20th century. 

· You could declare 100 float variables (ie: float Year1900, Year1901… Year1999; ) 

· Or you could use an array of 100 floats. 
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· An array holds many values of the same type in a single variable.

· The type of data stored in an array is its element type. 

· Each piece of an array is called an element of the array.

· The entire array can be manipulated as a unit, but also each element of an array can be accessed separately.

· To refer to a particular element you use its subscript or index. 

· note: The indexes run from 0 to one less than the declared size of the array.

· Declaring arrays roughly

· An array has a fixed size you have to determine at compile-time.

· Arrays can be declared directly as variables:

· General form: 
<element type> <variable name>[ < number of elements > ] ;
· eg:

 
int main(void)
{
   float RainfallC20[100];

   ... }

· note: The indexes run from 0 to one less than the size of array. 

· Declaring arrays elegantly

· Use a symbolic constant to set the array size & use a typedef to declare the array data type

· eg:

const int RAINFALL_ARRAY_SIZE = 100;

typedef float RainfallArray[RAINFALL_ARRAY_SIZE];

//--------------------------------------------------------------

int main(void) 

{

   RainfallArray RainfallC20;

   ... }


Manipulating Array Elements

· Each element of an array can be used as a variable. 

· An array element is referred to by giving the name of the array & in square brackets the index of the element. 

· eg: 

int main(void) 

{

   RainfallArray RainfallC20;

   int Year;

   RainfallC20[0] = 100;

   cout << "Enter a year : ";  cin>> Year;

   cout << "Enter rainfall for that year : ";  cin>> RainfallC20[Year];

   cout << RainfallC20[Year] << endl;

· eg: Using symbolic constants for array indices 

#include <iostream.h>

const int NUMBER_OF_DRINK_TYPES = 3;

const int BEER_INDEX = 0;

const int WINE_INDEX = 1;

const int COKE_INDEX = 2;

typedef int drink_array_type[NUMBER_OF_DRINK_TYPES];

//---------------------------------------------------------------------------

int main(void) {

   …………

   AlcoholTotal = FridayNight[BEER_INDEX] + FridayNight[WINE_INDEX] - FridayNight[COKE_INDEX];

· note: Referencing array elements that don't exist will cause an out-of-bounds error
· eg: 
typedef float RainfallArray[100];

//--------------------------------------------------------------

int main(void) 

{

   RainfallArray RainfallC20;

   RainfallC20[100] = 0; 
// Error - program will compile but behave mysteriously

   RainfallC20[-1] = 0; 
// Error - program will compile but behave mysteriously



Functions and Array Parameters 

· Array values can be passed as parameters

· note: Arrays are always passed by reference.

· Reason being that passing an array by value would involve copying all array elements into the function parameter ( inefficient.

· eg: Elegant style

#include <iostream.h>

#include <iomanip.h>

const int CLASS_SIZE = 180;

const char NO_GRADE = ' ';

typedef char GradeArray[CLASS_SIZE];

void SetGrade(GradeArray TheGrades, int GradeNumber);

//--------------------------------------------------------------

int main(void) 

{

   GradeArray CP1200;

   int GradeNumber;

   cout << "Which grade number is to be set : ";   cin >> GradeNumber;

   SetGrade(CP1200, GradeNumber);

   cout << "The grade is " << CP1200[GradeNumber] << endl;

   return(0);

}

//--------------------------------------------------------------

void SetGrade(GradeArray TheGrades, int GradeNumber) 

{

   char InputGrade;

   cout << "What is the grade : ";

   cin >> InputGrade;

   if (InputGrade == 'H' || InputGrade == 'D' || InputGrade == 'C' || InputGrade == 'P' || InputGrade == 'N')   

       TheGrades[GradeNumber] = InputGrade;

   else TheGrades[GradeNumber] = NO_GRADE;

}

//--------------------------------------------------------------



Strings

· Many applications need to implement strings of characters. 

· In C++ strings are represented by arrays of characters

· eg:

const int MAX_STRING_SIZE = 20;

typedef char string[MAX_STRING_SIZE+1];

//--------------------------------------------------------------

int main(void) 

{

   string SubjectTitle;

   string Firstname, Lastname;

· C++ strings are terminated by a null character ('\0')
· The length of the string is not stored anywhere

· '/0' shows where the string ends ( due to this character the size of the array should be one greater than the size you intend.

· eg: 

const int MAX_STRING_SIZE = 8;

typedef char string[MAX_STRING_SIZE + 1];

string Firstname;

 Firstname

-----------------------------------------------------

| M 
| a 
| r 
| y
| \0
|
|
|
|
| 

-----------------------------------------------------

  0
 1
  2
  3
  4
  5
  6
  7
  8

· Strings are input and output with cin and cout 

· eg: 

int main(void) {

   string SubjectTitle;

   string Firstname, Lastname;

   cout << "Enter the subject title    : ";   cin >> SubjectTitle;
   cout << "Enter first and last names : ";   cin >> Firstname >> Lastname;
   cout << Firstname << " " << Lastname << " is doing " << SubjectTitle << endl;
   return(0); }

· Whitespace is ignored & all other characters inputted as successive array elements.

· After the last character is read in, a null character is put in the next array element. 

· The array must be big enough for the input.

· note: Characters in a strings can be changed individually using indexes.

· note: If the '\0' character is deleted many problems may arise

· When a string is declared you can give it an initial value, but usually it heeds: 

· eg: 

#include <iostream.h>

const int MAX_STRING_SIZE = 80;

typedef char string[MAX_STRING_SIZE];

//--------------------------------------------------------------

int main(void) 

{

   string EmptyString = "", NameString = "Geoff Sutcliffe";



Multidimensional Arrays 

· The previous arrays were all one dimensional ( data is a sequence, or vector with a single subscript. 

· Sometimes more than one dimension is required (eg: tables of data, multiple subscripts, matrices) so a multi-dimensional arrays should be used.

· note: The dimensionality is the number of subscripts 

· General form: of typdef

typedef <element type>  <array type>[<1st dimension size>][<2nd>] ... [<last>];

· Obviously a multidimensional array is always passed into function as reference parameters

· Referencing elements of a multidimensional array is done in the usual way, except that an index is needed for each dimension.

· eg: Creating a multiplication table 

#include <iostream.h>

const int NUMBER_OF_ROWS = 1000;

const int NUMBER_OF_COLUMNS = 1000;

typedef float table_array_type[NUMBER_OF_ROWS][NUMBER_OF_COLUMNS];

//---------------------------------------------------------

int main(void) 

{

   table_array_type MultiplicationTable;

   int Operand1, Operand2, LowerOperand2, UpperOperand2;

   for (Operand1 = 0; Operand1 < NUMBER_OF_ROWS; Operand1++)

       for (Operand2 = 0; Operand2 < NUMBER_OF_COLUMNS; Operand2++)

           MultiplicationTable[Operand1][Operand2] = Operand1 * Operand2;

   cout << "What row would you like to see : ";   cin >> Operand1;

   cout << "What columns range would you like to see : ";   cin >> LowerOperand2 >> UpperOperand2;

   for (Operand2 = LowerOperand2; Operand2 <= UpperOperand2; Operand2++)

       cout << MultiplicationTable[Operand1][Operand2] << " ";

   cout << endl;

   return(0);

}



For Loops

Week 7

Introduction

· If & switch statements are decision control structures. 

· Many problems require algorithms that involve repetition. 

· If the repetition is fixed ( the relevant steps can be repeated the right number of times.

· Commonly the number of repetitions is unknown (even at run-time) ( repetition depends on user input.

· Most programming languages include loop statements. 

 

For Loops

· For loop execution sequence: 

1. Evaluate the initialisation expression
2. Evaluate the loop condition
· if loop condition TRUE

· Execute the body statement
· Evaluate the update expression
· Repeat Step 2.

· else stop executing the loop 

· General form: 

for (<initialisation expression>; <loop condition>; <update expression>)
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    <body statement>

· For loop properties 

· The sequence repeats with the evaluation of the loop condition. 

· Eventually the loop condition should become FALSE at which point the loop is terminated ( otherwise infinite repetitions cause the program to hang

· eg: Prints out the odd numbers from 1 up to 100. 

#include <iostream.h>

const int UPPER_LIMIT = 100;

int main(void) {

   int Index;

   for (Index=1; Index <= UPPER_LIMIT; Index += 2)

       cout << Index << endl;

   return(0);

}

· note: Indent body statement and use symbolic constants for condition expression.

· Most common for loop: fixed loop ( determined by a counter

· Lower bound ( the initial counter value (the initialisation expression starts the counter)

· Upper bound ( the limit of the counter (the loop condition specifies how far to count)

· Loop step ( the amount of change for the counter

· Loop control variable ( the counter variable

	· eg: Determine lotto chances.
const int NO_BALLS = 40;

int Factorial(int N);

//---------------------------------------------------------------

int main(void) {

   int NoToChoose,Odds;

   cout << "How many balls will you choose : ";

   cin >> NoToChoose;

   Odds = Factorial(NO_BALLS) / (Factorial(NoToChoose)  * Factorial(NO_BALLS - NumberToChoose));

   cout << "You have one chance in " << Odds << endl;

   return(0);

}

//---------------------------------------------------------------

int Factorial(int N) {

   int Product,Index;

   Product = 1;

   for (Index = N; Index > 1; Index--)

       Product *= Index;

   return(Product);

}

//---------------------------------------------------------------
	· A common type of for loop is an accumulator 

· eg: Accumulating 10 user supplied values. 

const int LOOP_LIMIT=10;

int main(void) {

   int Index,Sum,Number;

   Sum = 0;

   for (Index = 1; Index <= LOOP_LIMIT; ++Index) {

       cout << "Enter value: ";       cin >> Number;

       Sum += Number;

   }

   cout << "The sum is " << Sum << endl;

   return(0);

}




For Loops for Arrays 

· It is common to use loops to process arrays. 

· In minimal code each element can be printed, searched, assigned a value etc.

· An array has a fixed number of elements and a for loop naturally expresses a fixed number of repetitions ( the loop index is typically used to subscript the array.

· eg: Initialise an array ( set each element to zero

const int RAINFALL_ARRAY_SIZE = 100;

typedef float RainfallArray[RAINFALL_ARRAY_SIZE];

//--------------------------------------------------------------

int main(void) {

   RainfallArray RainfallC20;

   int Year;

   for (Year = 0; Year < RAINFALL_ARRAY_SIZE; Year++)

        RainfallC20[Year] = 0;

   return(0);

}

More Loops

Week 9

Funky For Loops

· It is possible to have complex initialisation and update expressions (using commas).

for (Index1=0, Index2=10; Index1 < 100; Index1++, Index2--)

   cout << "Index1 and Index2 are: " << setw(4) << Index1 << setw(4) << Index2 << endl;

· note: Try avoiding this – a for-loop should always be of the format:

for (set counter to start; test whether counter at end; update counter by increment/decrement) 

· Otherwise a while-loop should be used. 



Classifying Loops 

· The three types of C++ loops: 
for loops, while loops, do loops 

· note: All loops have two basic components:

· A Boolean loop condition that tells when the looping should stop. 

· A loop body that is executed repeatedly. 

· Loops can be classified as follows:

· Pre-test loop ( tests loop condition before its body is executed ( for and while loops

· Post-test loop ( tests loop condition after its body is executed ( do loops

· Fixed repetition loop ( repeats its body a fixed number of times ( for loops (as according to the software quality tip)

· Variable condition loop ( repeats its body a number of times determined at run time during execution of the loop ( all C++ loops can be variable condition loops, but while or do loops are best suited for this.



While loops

· General form of a C++ while-do loop is:

 while (<Boolean expression>)

     <statement>

· The statement is the loop body and can be a compound statement. 

· A while loop execution sequence: 

· The Boolean expression is evaluated.

· If FALSE ( the loop terminates.

· If TRUE ( the body is executed.

· The sequence repeats with the evaluation of the loop condition. 

· eg:

float x;

cout << "Starting first while loop" << endl;

x = 100;

while (x > 0) x /= 2;

· note: The while-loop in this example never terminates ( the system hangs. 

· eg: Add up numbers until 100 is reached 

   int Number, Sum;

   Sum = 0;

   while (Sum < 100) 

   {

       cout << "Enter a number: ";       cin >> Number;

       Sum += Number;

   }

   cout << "The sum reached " << Sum << endl;

· note: If the Boolean expression evaluates to FALSE when the loop is first reached then the loop body is never executed.



Do Loops

· General form of a C++ do loop is: 

     do 

     {

        <statement(s)>

     } 

     while (<Boolean expression>);

· note: The loop condition is tested after the loop body has executed ( therefore the loop is executed at least once.

· A do loop execution sequence: 

· The body is executed

· The Boolean expression is evaluated

· If FALSE the loop terminates

· If TRUE the sequence repeats

· eg: Using a sentinel value

const int SENTINEL = 0;

int main(void) {

  int Number, Sum;

  Sum = 0;

  do 

  {

      cout << "The sum so far is " << Sum << endl;

      cout << "Enter a number, " << SENTINEL << " to exit: ";      cin >> Number;

      Sum += Number;

   }

   while (Number != SENTINEL);

   cout << "The sum reached is " << Sum << endl;

   return(0);

}

· The classical use of a do-loop is error-checking or data validation.

· eg:

int MonthNumber;

do 

{

   cout << "Enter a month number (1-12): ";

   cin >> MonthNumber;

} 

while ((MonthNumber < 1) || (MonthNumber > 12));

Loop Examples

Week 9

Nested Loops

· Nested loops occur when any loop statement has another loop statement(s) in its body

· The first loop is the outer loop and the other one is the inner loop. 

· eg: printing "a table" of multiples of 2..4 with 1..5. 

int First, Second;

for (First = 2; First <= 4; ++First)

{

    for (Second = 1; Second <= 5; ++Second)

        cout << setw(2) << First * Second << " ";

    cout << endl;

}
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Here is a pictorial depiction of this control flow. 

· Loops of different kinds can be nested 

· eg: Read numbers and print stars 

int Count, Number;

do  

{

   cout << "Enter a number: ";

   cin >> Number;

   for (Count = 1; Count <= Number; ++Count)

       cout << "*";

   cout << endl;

 } 

 while (Number != 0);

 



Repetition and Selection

· Another common structure is to have selection statements (ifs or switches) inside loops. 

· This allows the body of a loop to vary its behaviour depending on the loop control variable, user input or other data.

· eg: read numbers from the user until zero is read. Tell the user whether each is even or odd. 

int Number;

do 

{

   cout << "Enter a number: ";  cin >> Number;

   if (Number % 2 == 0)

      cout << Number << " is even" << endl;

   else

      cout << Number << " is odd" << endl;

} 

while (Number != 0);



Scope
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Scope

· Identifiers can be declared at various places (eg: above main or inside any function). This location determines in which regions of the program it can be used.

· The scope of an identifier is the area of program text in which an identifier can be used.

· The two types of identifiers:
· Global identifiers (File-scope) ( Those declared above the main program.

· eg: main, functions, consts, typedefs.
· Can be used anywhere in the program after their declaration. 

· Software quality tip: Avoid global variables completely! 

· Local identifiers (Local-scope) ( Those declared within a function (even main)

· eg: Parameters, local variables
· Local identifiers can be used anywhere in the function after their declaration, but not anywhere outside their scope



Scoping Example

· The following program includes: a local variable in main (Num), two local variable in a function (Square & parameter Guess), a global constant (ANSWER) & a global function identifier (Better)

#include <iostream.h>

const int ANSWER = 42;

int Better(int Guess);

//---------------------------------------------------------

int main (void) {

   int Num;

   cout << "Enter a number: ";   cin >> Num;

   cout << "Is the answer " << Better(Num) << " better than " << ANSWER << "?" << endl;

   return 0;

}

//---------------------------------------------------------

int Better(int Guess) {

   int Square;

   Square = Guess * Guess;

   return ((Square - ANSWER) * ANSWER + Square);

}



Reusing Identifiers

· It is possible to have two identifiers with the same name in a single program if they are 

· Both local, and have no overlap in scope, or 

· One is global and one local, in which case the local one is used in its scope rather than the global one ( avoid this for now 

· note: If two identifiers are declared in different functions then their scopes do not overlap. 

· They can be used separately and do not interfere with each other. 

· This allows them to have the same name and possibly different types. 

· eg: 

void OneFunction(void) {

   float Total;

  AnotherFunction(Total)

… }

void AnotherFunction(void) {

   int Total;

… }

void YetAnotherFunction(float Total) {

… }

· note: The value of OneFunction's Total variable is copied across to become the value of AnotherFunction’s Total variable ( they are different pieces of memory

Structs
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Structs

· Structs are heterogeneous aggregates ( structs have fields, typically of different types

· The fields of a struct are referred to by the name of the struct, a dot, and the name of the member 

· General form:

typedef struct

{

    <member declaration 1>

    <member declaration 2>

    ...

    <member declaration n>

} <type identifier>;

	· eg: Struct type containing an integer and a float 

#include <iostream.h>

typedef struct 

{

    int AnInteger;

    float AFloat;    

} int_float_struct;

//------------------------------------

int main(void) {

   int_float_struct IntFloat;

   IntFloat.AnInteger = 27;

   IntFloat.AFloat = 3.5;

   cout << IntFloat.AnInteger / IntFloat.Afloat;

   cout << endl;

   return(0);

}


	· eg: One struct assigned to another of the same type

typedef struct 

{

    char FirstNameInitial;

    char LastNameInitial;

    int Age;

} initials_age_struct;

int main(void) {

   initials_age_struct TwinBrother, TwinSister;

   cout << "Twin brother's initials : ";

   cin >> TwinBrother.FirstNameInitial >> TwinBrother.LastNameInitial;

   cout << "Twin brother's age      : ";

   cin >> TwinBrother.Age;

   TwinSister = TwinBrother;

   cout << "Please enter twin sister's first initial : ";

   cin >> TwinSister.FirstNameInitial;

   ………




· note: Struct fields can be anything, including arrays and other structs.

· eg:

const int STRING_LENGTH = 80;

const float MISERLY_RATE = 3.5;

typedef char string[STRING_LENGTH+1];

typedef struct {

    float HourlyRate;

    char TaxBracket;

    float YearPayTotal;

} pay_struct;

typedef struct {

    string Firstname, Lastname;

    char EmployeeLevel;

    pay_struct PayInformation;

} employee_struct;

//------------------------------------------------------------

int main(void) {

   employee_struct Lecturer;

   cout << "Enter employee name : ";   cin >> Lecturer.Firstname >> Lecturer.Lastname;

   Lecturer.EmployeeLevel = 'C';

   Lecturer.PayInformation.HourlyRate = MISERLY_RATE;

   return(0);

}



Arrays of structs

· A common use of structs is to have an array, where each of the elements is a struct. 

· eg: An array of 100 employees, where each employee's details are stored in a struct.

………

typedef char string[STRING_LENGTH+1];

typedef struct {

    float HourlyRate;

    char TaxBracket;

    float YearPayTotal;

} pay_struct;

typedef struct {

    string Firstname,Lastname;

    char EmployeeLevel;

    pay_struct PayInformation;

} employee_struct;

typedef employee_struct employee_array[NO_EMPLOYEES];

//------------------------------------------------------------

int main(void) {

   employee_array ComputerScience;

   int I;

   cout << "Enter employee number : ";   cin >> I;

   if (I >=0 && I < NO_EMPLOYEES) 

   {

       cout << "Enter employee name : ";     cin >> ComputerScience[I].Firstname >> ComputerScience[I].Lastname;

       cout << "Enter employee level: ";      cin >> ComputerScience[I].EmployeeLevel;

       ComputerScience[I].PayInformation.HourlyRate = MISERLY_RATE;

    }

    return(0);

}



Structs and functions

· Passing is just like normal variables ( use & for pass by reference

typedef struct {

    int Hours,Minutes,Seconds;

} time_struct;

void InputTime(time_struct &Time);

void OutputTime(time_struct Time);

time_struct TimeDifference(time_struct StartTime, time_struct EndTime);

//---------------------------------------------------------------------

int main(void) {

   time_struct Start,End,Duration;

   cout << "Please enter the start time :" << endl;   InputTime(Start);

   cout << "Please enter the end time   :" << endl;   InputTime(End);

   Duration = TimeDifference(Start,End);

   cout << "The duration is ";   OutputTime(Duration);

   return(0);

}

//---------------------------------------------------------------------

void InputTime(time_struct &Time) {

   cout << "Enter hour    : "; cin >> Time.Hours;

   cout << "Enter minute  : "; cin >> Time.Minutes;

   cout << "Enter seconds : "; cin >> Time.Seconds;

}

//---------------------------------------------------------------------


void OutputTime(time_struct Time) {

   cout << Time.Hours << ":" << Time.Minutes << ":" << Time.Seconds << endl;

}

//---------------------------------------------------------------------

time_struct TimeDifference(time_struct StartTime, time_struct EndTime) {

   int StartSeconds,EndSeconds,DifferenceSeconds;

   time_struct Difference;

   StartSeconds = StartTime.Hours * 3600 + StartTime.Minutes * 60 +StartTime.Seconds;

   EndSeconds = EndTime.Hours * 3600 + EndTime.Minutes * 60 + EndTime.Seconds;

   DifferenceSeconds = EndSeconds - StartSeconds;

   Difference.Hours = DifferenceSeconds / 3600;

   DifferenceSeconds %= 3600;

   Difference.Minutes = DifferenceSeconds / 60;

   Difference.Seconds = DifferenceSeconds % 60;

   return(Difference);

}

//---------------------------------------------------------------------

· note: Wrapping an array inside in a struct allows it to be passed by value (unless & specified)

Enumeration Types
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Enumeration types

· Enumeration types allow the user to list the literals of a new type. 

· They are useful when you have a set number of possible values for a type (not int, float, char, etc.), such as the days of the week or months of the year.

· General form: 

typedef enum {<literal 0>, <literal 1> ... } <type name>;

· Alternative form: 

enum <type name> {<literal 0>, <literal 1> ... };

· eg: 

#include <iostream.h>

typedef enum {CAT,DOG,RAT} animal_type;

//-------------------------------------------------------------

int main(void) {

   animal_type Animal;

   Animal = DOG

   cout << “The animal number is” << Animal << endl;

· Literals of enumeration types can be used like other values

· Each literal is represented internally by an int, starting at 0 (by default) ( similar in effect to multiple const int statements

· note: The above code would be similar to declaring the constants:

const int CAT = 0;
const int DOG = 1;
const int RAT = 2;

· note: The starting value of enumeration literals can be specified:

typedef enum {JAN = 1,FEB,MAR,APR,MAY,JUN,JUL,AUG,SEP,OCT,NOV,DEC} month_type;

//-------------------------------------------------------------

int main(void) 

{

   month_type Month;

   for (Month = JAN; Month <= DEC; Month = month_type(int(Month)+1))

       cout << Month << endl;

   return(0);

}

//-------------------------------------------------------------

· note: We need to use Month = month_type(int(Month)+1) instead of Month++, because it is not possible to use enumeration variables that way ( so we type cast Month to an int so we can add one to it, then we type cast the value back to the month_type.

· note: The above code outputs the numbers 1 to 12 in a column ( to display meaningful text a switch statement would be the best option.

Recursion
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Recursion

· Recursion is present when a concept is defined in terms of itself.

1. note: Fibonacci numbers, factorials & palindromes are all classic examples

· eg: Checking for palindromes 

· A palindrome can be defined recursively as follows:

· An empty string is a palindrome & a single letter is a palindrome. 

· If the first and last letters are the same & the internal letters are a palindrome, then it's a palindrome. 

1. note: This is a recursive definition because it defines palindromes in terms of other palindromes.

1. A recursive definition must have base cases and recursive cases.

· Problems with recursive solutions can be described naturally with recursive functions.

· A function that calls itself is directly recursive.

· A function that calls other functions that eventually call the original function is indirectly recursive.

· eg: Computing factorials.

· Factorial has a natural recursive definition.

· 0! = 1!= 1 
(base cases) 
· For N > 1, N! = N * (N - 1)! 
(recursive case)
· Programming languages that support functions and local variables allow us to map the above directly into code:

· ie:

int Factorial(int N) 

{

  if ((N == 0) || (N == 1)) 
// base cases
    return(1);

  else 


 // recursive cases
    return(N * Factorial(N - 1));

}

· note: The base case(s) must be reached after a finite number of recursive calls. 

· The recursive case is implemented by a call to the function itself.

· Value parameters and local variables 

· Each time a function is called, its value parameters and local variables are created. 

· In a recursive situation, this still holds. 

· So if there are, say 10, "incarnations" of a recursive function then we have 10 different sets of local variables and parameters. 

· The allocated pieces of memory are stacked up, and released as the recursion unwinds. 

· eg: The Fibonacci sequence 

· Fibonacci has a natural recursive definition. 

· Fib(1) = Fib(2) = 1 



(base cases) 

· For N > 2, Fib(N) = Fib(N - 1) + Fib(N - 2) 
(recursive cases) 
· A very simple implementation as a single function: Again we can map the definition directly into C++ code: 

· ie:

int Fib(int N) 

{

   if ((N == 1) || (N == 2)) 

// base cases
       return(1);

   else 


// recursive cases
       return(Fib(N - 1) + Fib(N - 2));

}

· eg: Checking for palindromes 

· A palindrome can be defined recursively as follows:

· An empty string is a palindrome. 
(base case)

· A single letter is a palindrome. 

(base case)

· If the first and last letters are the same & the internal letters are a palindrome, then it's a palindrome. (recursive case - treat the internal letters as a string themselves) 

1. Formulatting the above in C++ yields the implementation

1. ie:

#include <iostream.h>

#include "boolean.h"

const int MAX_STRING_SIZE = 30;

typedef char string[MAX_STRING_SIZE+1];

boolean Palindrome(string TheString, int Start, int Length);

//----------------------------------------------------------------

int main(void) {

   string InputString;

   cout << "Enter a string: ";   cin >> InputString;

   cout << InputString << " is ";

   if (!Palindrome(InputString,0,strlen(InputString)))

      cout << "not ";

   cout << "a palindrome" << endl;

   return 0;

}

//----------------------------------------------------------------

boolean Palindrome(string TheString, int Start, int Length) 

{

    if ((Length == 0) || (Length == 1)) 
// base cases

  
return TRUE;

    else 


// recursive cases

    { 

        if (TheString[Start] == TheString[Start + Length - 1])

  
    return(Palindrome(TheString, Start + 1, Length - 2));

        else return(FALSE);

    }

}



Recursion and Iteration

· Most recursive problems can also be solved using iteration (ie: using loops). 

· eg: An iterative version of factorial 

int Factorial(int N) 

{

   int Index, Result;

   Result = 1;

   for (Index = 2; Index <= N; ++Index)

       Result *= Index;

   return(Result);

}

· The choice between a recursive solution to a problem and an iterative one is one usually made based on which of the solutions is more natural.

	· eg: Adding array elements using iteration
float IterativeSum(float_array AnArray) {

   float Total;

   int Index;

   Total = 0.0;

   for (Index = 0; Index < ARRAY_SIZE; Index++)

       Total += AnArray[Index];

   return(Total);

}
	· eg: The same problem using recursion
float RecursiveSum(int From,float_array AnArray) {

   if (From == ARRAY_SIZE-1) 
// base case

       return(AnArray[From]);

   else 


// recursive cases

      return(AnArray[From] + RecursiveSum(From+1,AnArray));

}


· In this case iteration appears the better option

Strings
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C++ string manipulation

Suppose we write:

const int MAX_STRING_SIZE = 20;

typedef char string[MAX_STRING_SIZE+1];

//--------------------------------------------------------------

int main(void) {

   string s1, s2, s3;

   ...

Now because strings are arrays of characters none of the following statements are effective:

s1 = s2;
s1 = "Bob";

s1 = s1 + s2;

if (s1 == s3)

Instead of this we must:

· Either write our own functions which work at character-level (eg: copy every character of one string to the other)

· Or use #include <string.h> and work with appropriate library functions 

note: If we decided to write our own string libraries we always take into account the null-character

note: If we include the <string.h> file the following functions are provided (to list a few):

· int *strcat(int *s1, const int *s2);

( Appends a copy of s2 to the end of s1

· int strcmp(const int *s1, const int *s2);
( Compares s1 to s2 & returns 0 is they match

· int *strcpy(int *s1, const int *s2);

( Copies s2 to s1 (including '\0')

· int strlen(const int *s);


( Returns length of s (not including '\0')

eg: Swapping the two strings s1 and s2. 

#include <iostream.h>

#include <string.h>

const int max = 100;

typedef char String[max+1];

void main(void) {

   String s1, s2, temp;

   strcpy(s1, "Bob");

   strcpy(s2, "Marley");

   strcpy(temp, s1);

   strcpy(s1, s2);

   strcpy(s2, temp);

   cout << s1 << " " << s2 << endl;

}

Preprocessor Directives
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The Compilation Process

· Compiling C++ has several phases.

· Before the real compiler starts, the code is pre-processed.

· This is rather "C++ specific", most other programming languages do not have such a preprocessor stage.

· Preprocessor directives can affect this phase (note: All preprocessor directives start with #)



Preprocessor Directives

· #include 
· Used to "textually" include files into the compilation 

· note: the preprocessor takes, say #include <iostream.h> and physically replaces it with the content of the file iostream.h. 

· note: <>s mean look in the standard directories

· eg: #include <iostream.h>

· note: ""s mean look in the current directory, then the standard directories


· eg: #include "boolean.h"

· #define 
· Allows macro identifiers to be given values

· General form: 
#define < identifier > < text >
· Macro identifiers in subsequent text are textually replaced by their definitions 

· This is the old fashioned way of doing symbolic constants ( avoid using it

· eg:

#include <iostream.h>

#define PI 3.1415

int main(void) {

   float Radius, Area;

   cout << "Enter radius : ";   cin >> Radius;

   Area = PI * Radius * Radius;

   return(0);

}

· Often used to indicate when a ".h" file has been included 

· eg: boolean.h - this defines the type and constants for use of Booleans if boolean.h is not defined.

#ifndef BOOLEAN_H

   typedef int boolean;

   const boolean FALSE = 0;

   const boolean TRUE = 1;

   #define BOOLEAN_H

#endif

· Some macro identifiers are predefined 

· __LINE__ is the current source code line number

· __FILE__ is the current source code file

· __DATE__ is the date of compilation

· __TIME__ is the time of compilation

· eg:

#include <iostream.h>

int main(void) {

   cout << "This source code file can be found at: " << __FILE__ << endl;

   return(0);

}

· #undef < identifier > causes the identifier to be forgotten 

· Macro identifiers that take arguments can also be defined 

· #if... 
· This group of directives allows control over which lines of a file are compiled. 

· Observe: The above says compiled not run. 

· General form with if:

#if...

<lines to be compiled if #if is TRUE>

#endif

· General form with #else:

#if...

<lines to be compiled if #if is TRUE>

#else

<lines to be compiled if #if is FALSE>

#endif

· Variants:

· #if < constant expression >
· #ifdef < macro identifier >
· #ifndef < macro identifier 
· eg: Optional debugging 

#include <iostream.h>

#define DEBUG 1

//-------------------------------------------------

int main(void) {

   int Input,Result;

   cout << "Please enter a value : ";   cin >> Input;

      #ifdef DEBUG

      cout << "DEBUG: To remind you, you entered " << Input << endl;

      #endif

   Result = Input * 27;

      #ifdef DEBUG

      cout << "DEBUG: The intermediate result is " << Result << endl;

      #endif

   Result += 16;

   cout << "The result is " << Result << endl;

   return(0);

}

· note: The above is useful for testing the code with cout in the preprocessor tags. You can specify whether you want them executed by altering DEBUG at the top (1 = True), without editing any other part of the code.

· #error 
· Causes the preprocessor to output an error message and abort compilation 

· General form:
#error <error message>
· eg: 

#include <iostream.h>

#include "boolean.h"

int main(void) {

   #ifndef BOOLEAN_H

   #error Booleans are not defined

   #endif

   boolean HappyWorld;

   HappyWorld = TRUE;

   if (HappyWorld)

       cout << "Joy to the world" << endl;

   return(0);

}

Multi-file Programs, Libraries
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Multi-file Programs

· Programs that have all their code in one file are monolithic.

· In development of large programs, different parts are developed independently (possibly by different people) ( multi-file programs allow this independent development.

· Structure of multi-file programs:

· One file contains the main and related functions

· Other files contain groups of related functions. 

· For each functions file, a header file is created to specify what functions (will be) in the code file, and any symbolic constants needed, etc.

· Files #include a header file if any of the contents are needed, (eg: a function is called). 

· It never hurts for a code file to #include its own header file. 

· eg: Recall the wasted pizza box area program

· The functions PizzaBoxArea and PizzaArea, are about areas ( move them into a separate file, called Area.cpp and create a header file Area.h
· note: Use #ifndef-#endif and #define pre-processor directives to prevent the file from being included more than once. 

Area.h ( header file

	#ifndef AREA_H

#define AREA_H

const float PI = 3.14159265;

float PizzaBoxArea(int PizzaDiameter);

float PizzaArea(int PizzaDiameter);

#endif


Area.cpp ( the area functions code file 

	#include "area.h"

//--------------------------------------------------------------------

float PizzaBoxArea(int PizzaDiameter) {

   return(PizzaDiameter * PizzaDiameter);

}

//--------------------------------------------------------------------

float PizzaArea(int PizzaDiameter) {

   float Radius;

   Radius = PizzaDiameter / 2.0;

   return(PI * Radius * Radius);

}

//--------------------------------------------------------------------





MainPizzaProgram.cpp ( the main file

	#include <iostream.h>

#include <iomanip.h>

#include "area.h"

float WastedBoxArea(int PizzaDiameter);

//--------------------------------------------------------------------

int main(void) {

   int Diameter;   float WastedArea;

   cout << setiosflags(ios::fixed) << setprecision(2);

   cout << "Please enter the pizza diameter : ";   cin >> Diameter;

   cout << "The pizza area is " << PizzaArea(Diameter) << endl;

   WastedArea = WastedBoxArea(Diameter);

   cout << "The wasted box area is " << WastedArea << endl;

   return(0);

}

//--------------------------------------------------------------------

float WastedBoxArea(int PizzaDiameter) {

   return(PizzaBoxArea(PizzaDiameter) - PizzaArea(PizzaDiameter));

}

//--------------------------------------------------------------------




· eg: Recall the program Examples.cpp. We can put all the functions into a separate file, say SampleFunctions.cpp. The corresponding header file is SampleFunctions.h and the driver program is in MainDriver.cpp.

· The multiple files need to be combined: 

· The code files only need to be compiled when they change. 

· Unchanged files are not recompiled, they are simply linked in. 

· In Borland C++/Visual C++, it is possible to setup projects. 

· A project is a collection of several related header files and source code files. 

· The main function is placed into the main.cpp file. (note: If more than one file contains a main function an error results)

· Various other .cpp files contain code for the different aspects of the solution design (eg: gathering data, calculations, displaying results – each seperate). 

· The project keeps track of the various files using a project window.

· note: Source code files can be added/removed by selecting the project name in the project window, and clicking the right mouse button. Double clicking on a source code file's name in the project window opens the text edit for that file. Header files are created in seperate text edit windows.

· note: The benefits are more explicitly obvious under UNIX.

 

Separate Compilation

· Let us first reconsider the last example from above.

· On a Unix system the following sequence of compilation and linking will give us the executable file MainDriver:

· g++ -c SampleFunctions.cpp

· ie: "Compile SampleFunctions.cpp ( make object file SampleFunctions.o”

· g++ -c MainDriver.cpp

· ie: "Compile MainDriver.cpp ( make object file MainDriver.o”

· g++ -o MainDriver MainDriver.o SampleFunctions.o 

· ie: "Glue everything together ( make executable file MainDriver" 

·  (note: g++ is the command for the compiler, with -c and -o being flags for it)

· This process is called separate compilation because each part of the program is compiled separately.

· Integrated C++ environments (for example Visual C++) also support separate compilation. 

· The benefits of separate compilation are again "divide and conquer".

 

Separating the Interface from its Implementation

The above technique with the header and .cpp files and separate compilation enables us to separate an interface from its implementation. 

The header file (for example SampleFunctions.h) is the interface (we know from the function declarations (comments) what the function does and how to use it (inputs and outputs), without having to read the code for how it actually works).
Its corresponding .cpp file (for example SampleFunctions.cpp) is the implementation. 

· We can group functions logically together and treat them as a separate unit. 

· A client of SampleFunctions.cpp only needs to know the interface, that is, the header file SampleFunctions.h ( SampleFunctions.cpp can be altered (for example to increase efficiency), but as long as the interface SampleFunctions.h does not change, clients of SampleFunctions.cpp do not need to be notified.

· note: A re-compilation of MainDriver.cpp is not necessary even if SampleFunctions.cpp does change (Whatever has changed must be re-compiled of course). 

The importance of these benefits with respect to Software Engineering cannot be over-emphasized. 

 

Libraries

· Files of related functions are called libraries. 

· eg: iostream, iomanip, math. 

· Each has a header file that is #included as needed. 

· The library code file is precompiled, so it does not get compiled with the files that use the functions (the object file for the library is linked with the object file for your source code). 

· The header file lets the compiler know what is available in the code file. 

· The precompiled code file is linked in after the other file(s) have been compiled. 

Assertions, Verification, Correctness
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Assertions

· Assertion: a statement that maintains that a particular condition (a Boolean expression) is true at the point where it’s placed.

· A program will check its assertions as it runs ( if an assertion is FALSE the program is terminated and a message describing the assertion is printed (and usually including the source file name and line number).

· Assertions serve as useful documentation 

· They explicitly state things that might otherwise only be implicit in the code. 

· note: Any assumptions about the data at a particular point should be written as assertions.

· note: It is better for an assertion to halt execution than to continue with erroneous data which may cause a run-time error.

· In C++ assertions are provided by the assert.h library.

· Each assertion is a call to the assert function ( the parameter is a Boolean expression

· eg: The variable sum should have a non-negative value after a loop.

for (...)

    sum = …… ;

assert (sum >= 0);

· note: If the assertion is reached with sum less than zero the program will terminate. 



Pre and Post Conditions

· Assertions can be used to express pre-conditions and post-conditions for pieces of code. 

· ie:
Pre-condition ( must be satisfied for the code to work correctly.

Post-condition ( must be true after the code has executed.

· eg:

AvgPercentage = SumOfPercentages(PercentagesArray) / NoOfStudents;

· note: NoOfStudents cannot be zero (run time error), a negative NoOfStudents makes no sense & AvgPercentage must be in the range 0-100 

· Using pre and post conditions with assertions:

assert(NoOfStudents > 0);

AvgPercentage = SumOfPercentages(PercentagesArray) / NoOfStudents;

assert(AvgPercentage >= 0 && AvgPercentage <= 100);

· If all of the input and output is correct, then none of the assertions will be false, so no errors will be produced.



Loop Verification

· Loop verification is useful for ensuring we develop correct loops 

· Pre and post conditions for a loop assert what must be true before and after the loop executes. 

· A loop invariant asserts what is true at the beginning of the loop and after each execution of the loop body.

· A loop variant describes how the data in the loop condition is changed by the loop.

· eg: Binary guessing

  cout << "Please choose a number between 1 and " << upperlimit << " (but keep it a secret)" << endl;

  low = 1; high = upperlimit;

  do

  {

    guess = (low + high) / 2;

    cout << "My guess is " << guess << endl;

    cout << "(C)orrect, (L)arger or (S)maller: ";    cin >> answer;

    if (answer == 'L' || answer == 'l') low = guess + 1;

    if (answer == 'S' || answer == 's') high = guess - 1;

  }

  while (answer != 'C' && answer != 'c');

· Use loop verification to ensure that this loop will find the chosen number x after a finite number of guesses.

· The precondition should assert that low=1 and high=upperlimit (and that the user "plays fair" and chooses a number x such that 1 <= x <= upperlimit).

· The postcondition is that guess is equal to the number x chosen by the user. 

· The invariant is that low <= x <= high.

· The variant is the expression delta = high - low.

· note: Finding the loop invariant and variant conditions are rather "creative processes" and there are no standard recipes. Finding the loop invariant may be very difficult.

· To prove that a loop is correct, show four things:

1. The precondition implies the loop invariant (so the loop gets started correctly). 

2. The loop body maintains the invariant
3. After the last iteration the invariant implies the postcondition (so when the loop is finished the correct function has been performed).

4. The precondition and the loop variant guarantee the loop will eventually terminate.

1. eg: 

1. The precondition implies the loop invariant
0. Precondition:

1 <= x <= upperlimit and low = 1 and high = upperlimit. 

0. Loop invariant:
low <= x <= high
2. The loop body maintains the invariant
0. Loop invariant:
low <= x <= high

0. If x > guess then low = guess + 1 so again low <= x <= high.
If x < guess then high = guess - 1 so again low <= x <= high.
(If x = guess then the loop stops.) 

3. After the last iteration the invariant implies the postcondition 

0. Loop invariant:
low <= x <= high (not needed in this case) 

0. We must have answer = 'C' || answer = 'c' (otherwise we would still be in the loop). But this means that guess = x. 

4. The precondition and the loop variant guarantee the loop will eventually terminate.

0. Precondition:

1 <= x <= upperlimit and low = 1 and high = upperlimit 

0. Loop variant:
low <= x <= high (not needed in this case) 

0. If x > guess then low = guess + 1 so delta=high-low decreases by at least one.
If x < guess then high = guess - 1 so delta=high-low decreases by at least one.
If x = guess then (trivially) the loop terminates. 

0. note: Since delta=low-high is always decreased and low <= x <= high, x must be found after a finite number of steps. 

note: Only the precondition can be implemented as an assertion; the rest are just useful design tools and documentation
(ie: it is helpful to know whether our code has been well designed and is logically correct). 
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