PROGRAMMING I (CS 200-01)

TOPIC 1

PROBLEM SOLVING USING C++

I. BASIC INSTRUCTIONS IN C++
Basic instructions in C++

· move data from one place to another 

· input data from an input device (e.g. keyboard, mouse, file)
· output data to an output device (e.g. monitor, disk)
· compare 2 values to see if they are equal
· arithmetic operations
Ways to combine basic instructions

· sequence (one instruction after another)

· selection (conditional, branching - IF)
· loop (WHILE)
· call a function (subprogram)
II. OVERALL STRUCTURE AND DESIGN OF A C++ PROGRAM
A computer program

· a set of instructions that tells the computer how to solve a problem or perform a task

A collection of Modular programs

· interrelated segments

· arranged in a logical and easily understood order

· ultimately form an integrated and complete unit

Advantages - these programs are more easily:

· developed

· corrected

· modified
Modules

· the smaller segments used to construct a modular program

· designed to perform a specific task
· in essence, a small subprogram
Designing a C++ program

· understand the overall design of the program

· write the code for each module
· link the modules to produce the required output of the overall program
A well-constructed program

· begins with a well-conceived design

· thoroughly thought through
· expressed by means of an algorithm and flowchart
Algorithm

· a set of well-defined steps for performing a task or solving a problem (e.g. Text pp. 6-7, “What Is a Program?”)

Flowchart

· a diagram that depicts the “flow” of a program (Old Text: Appendix C, pp. 1163 – 1172)

Steps for a complete program design (Text pp. 17 – 21)
III. DATA VALUES
C++ programs can process different types of data in different ways

· numeric data (decimal values, whole numbers)

· character data (individual characters, character "strings”)

Elementary Data Types
Three basic data values used in C++

· integers

· floating-point numbers

· character values

Integer Values
· zero, and any positive or negative number without a decimal point

· e.g.   0   5   -10   25   -26351

· may be signed (have a "+" or "-" sign) or unsigned (no leading "+" or "-")

· no commas, decimal points, or special symbols are allowed

· size is computer and compiler dependent

· three categories

· short

· int

· long

· difference - the amount of storage that a computer uses for each type (text: page 48, Table 2-5/Old Text: Table 2-5, p. 47)

· signed/unsigned integers

· unsigned - generally only used for positive integers

· double the number of "positive" values that can be stored without increasing the number of bytes allocated to an integer

Floating-Point Numbers
· any number you can write with a decimal (e.g.   +10.256   -9.8   .0063)

· a real number

· note: commas and special symbols (e.g. dollar sign) are not permitted

· three categories

· float - sometimes referred to as "single-precision" number

· double - sometimes referred to as "double-precision" number

· long double

· difference - the amount of storage that a computer uses for each type

Exponential/Scientific Notation (Text, pp. 58 – 60/Old Text, pp. 55 – 58)

· floating-point numbers

· similar to scientific notation

· used to express both very large and very small numbers in a compact form

· letter "e" stands for exponent

· number following "e" represents a power of 10

· indicates the number of places to move the decimal point

· right if positive (e.g.:   1.625E3 = 1625)

· left if negative (e.g.:   7.31E-3 = .00731)

Character Values
letters of the alphabet (upper-case and lower-case)

digits (1 - 9)

special symbols

input expressed within single quotes (e.g.   'A'   '1'   '!'  )

Strings
- a series of characters stored in consecutive memory locations (Text, ex. p. 54/Old Text, ex. p. 53, char vs. string)

· terminated by the null character (automatically appended to the string by the compiler)

IV.  VARIABLES AND DECLARATION STATEMENTS
All values - integers, floating-point values and other values are stored in and are retrieved from a computer's memory.

Example: hotel rooms

· locations are fixed and numbered (memory address)

· residents are of type "people"

· residents use the room for the duration of their reservation

· the room is then available to be occupied by another resident

Variable
· a name, chosen by the programmer, to represent a "storage location" in the computer's memory

· a symbolic name, used to indicate a memory address

· the value stored in the variable can "vary", or be changed (except constant variables)

Rules to create a variable (Text, p. 46/Old Text, p. 45)

· variable name must begin with a letter or underscore ( _ )

· name may contain only letters, underscores or digits

· may not contain spaces, commas or special characters (e.g.  ( )  &  $  #  .  !  \  ? )

· name may not be a keyword (see Table 2-3, Text, page 45/Old Text, page 44)

· limited to a specific number of characters (compiler dependent)

· it is good programming practice to use meaningful names (e.g. sum, total )

Declaration Statement
Before a variable can be used, it must first be declared
Declaration Statement

· identifies the data type that will be placed within the particular variable

· for example

· int  sum

· float  tax_rate

· char  firstInitial

· long total

· good programming practice: place the declaration statements at the beginning of program

· either one declaration per line (note: each line must terminate with a semicolon) or in logical groupings

· for example

· int  grade1, grade2, grade3;

· note: "int" occurs just one time, each variable is separated by a comma, the statement is terminated by a semi-colon

· examples: p. 49, Program 2-9, p. 50, Program 2-10, pp. 63 - 64, Program 2-18)

· (Old Text: p. 48, Program 2-11, p. 49, Program 2-12, p. 61, Program 2-19)

Assignment Statement
assigns a value to a variable (Note: the value must be of the same data type as the variable)

Structure


variable  assignment operator  value


Examples



grade1 = 39;



read as: "grade 1 is assigned the value 39", NOT "equals 39"



char  firstInitial;



firstInitial = 'A';

(VARIABLES AND DECLARATION STATEMENTS, continued)
Re-Assigning Values
A value can be overwritten, by re-assigning a new value

· the most recent value stored is the value that is currently retained in memory

Multiple Declarations
Variables having the same data type can be grouped together and declared using a single declaration statement (pp. 63 – 64, Program 2-18/Old Text, p. 61, Program 2-19)

Rules for multiple declarations

· the data type is listed only once, at the beginning of the assignment statement

· variable names are separated by a comma

· only one semi-colon is placed at the end of the assignment statement to terminate the declaration

Initializing a variable within the declaration statement  (pp. 63 – 64, Program 2-18/Old Text, p. 61, Program 2-19)

Declaration statements can also be used to store initial values (initialize a variable)

· helps avoid having "garbage" appear in your program

· example

· int  grade1 = 39;

· "the variable 'grade1' has been initialized to 39"

Constants
A data item whose value does not change during the program’s execution

· contant integer:

20

· constant float:

19.75

· string constant:

“Today we sold bushels of apples”

· constant variable:
const int SIZE = 25;

Common usage

· to store known (and unchangeable values in variables)

· to display messages on the screen or printed output (e.g. string constants)

V. OVERALL STRUCTURE AND DESIGN OF A C++ PROGRAM - continued
The main () Function

All C++ programs have at least one function, the main () function (pp. 30 – 32)

main ()
· begins with a header line

· open brace
· body of function
· closed brace
Purpose of main ()
· provides for the orderly placement and execution of  code and data and modules

· recall steps 1 and 4 of C++ program writing:
· sequence - the order of the execution of your code
· call a function (coordinates with the above step)
· a "driver" function
· it "drives", or tells the other modules the sequence in which they are to execute
Structure

Text p.30,  Program 2-1, line 5/Old Text, line 4

· the function header
· always the first line of a function
· contains three pieces of information
· what type of data, if any, if returned from the function
· the name of the function
· what type of data, if any, is sent into the function
1) type

· the keyword before the function name

· defines the type of value returned after the function has completed operating

· example 1 - int
· example 2 - void
2) arguments

· found within the parentheses

· empty parenthesis, or inclusion of the keyword void, indicate no data will be sent into (transmitted into) the function

· data sent into a function is referred to as an argument

· if data is sent into the function, within the parenthesis, you will see

· the data type

· the corresponding variable name

3) braces

· determine the beginning and end of the function body

· enclose the statements making up the function

· the statements inside the braces determine what the function does

· each statement must end with a semi-colon

VI. OUTPUT
Structure (text p.30,  Program 2-1, lines 2 and 7/Old Text, lines 2 and 6)

#include<iostream.h> (see description in Text p/. 37 – 38/Old Text, p.  38)

· a pre-processor command

· appears at very beginning of a program

· begins with a pound sign

· note:  < > signs

· performs some action before the compiler translates the source program into machine code

· this particular command [ #include<iostream.h> ]

· causes the contents of the iostream.h to be inserted where the #include is positioned

· allows for "cout", and later "cin", to be used

"cout" (Text pp. 33 – 37)

· sends data to the standard output display device (here, the video screen)

· format: cout << [data];

· " << " is the insertion operator

· directs computer to insert the data that follows into the output stream

· note: anything between the double quotes is a "string"

· string - any combination of letters, numbers, and special characters enclosed in double quotes

· the quotes delimit the string, and do not appear in the display

· this will appear on the screen exactly as typed, spaces included

· note: a string cannot carry over from one line to the next

· it must appear on one line only

· note: C++ programs ignore all white space

· including space bar, tabs, return characters

· unless they are a part of the cout "string"

· an entire program could be written as one line of code

· note: cout does not need to be repeated on each line

· only the last line, then, ends with a semi-colon

VII.  INPUT
Data that is being used just once can be written directly into the program as a constant.

However, more commonly, to enter data as the program is executing, we use "cin >>"

"cin" (Text pp. 83 – 87/Old Text, pp. 81 – 87)

· allows a value entered at the terminal/keyboard to be stored into a variable

· example

· cout << "enter the number of test scores for student \'Jones\' ";

· cin >> number_of_scores;

How it works

· when [ cin >> variable ] is encountered, the program stops running, and waits for a value to be entered

· after the data is entered (from the keyboard), the data is stored in the variable, and the program resumes

· see pp. 84 – 87/Old Text, pp. 82 - 87 for sample program and description of procedure

Prompts

· it is essential to have an appropriate prompt

· indicates to user what the program needs to continue

· without a prompt, the user may be sitting at a blank screen for a long, long time, without knowing what is expected

· the computer will appear to be "frozen", when in fact it simply needs an input

· Any number of cin objects can be used, and any number of variables can be used within a cin >> line

· note: the extraction operator must occur before each variable

· the extraction operator " >> "

· extracts data from the input stream

· the statement ends with a semi-colon

· no comas are used to separate values

· again, be certain the user knows what to enter, and when

Data type conversion

Importance of requesting data suitable for the variable being used to store the data

· integer value to be stored into a variable declared as a float

· results in a float value

· float value to be stored into a variable declared as an integer

· results in an integer value, with the decimal portion truncated

· could lead to unexpected and undesirable results

VIII.  ARITHMETIC OPERATIONS (pp. 65 – 67/Old Text, pp. 62 – 65)
Integers and Real Numbers


Operation

Symbol

Addition

     +


Subtraction

      -


Multiplication

      *


Division

      /


Modulus Division
      %

Avoid mixing data types when performing arithmetic operations

· avoids implicit type coercion

Expression Types
integer expression - expression contains only integers

floating-point expression - expression contains only floating-point operands

mixed-mode expression - expression contains both integer and floating-point operands

· if both operands are integers, the result of the operation is an integer

· if one operand is a floating-point value, the result of the operation is a double-precision value

note: character data can also be added and subtracted

· compiler adds or subtracts ASCII values represented by the respective character 

· see Text, pp. 52 - 55/Old Text, pp. 50 – 55, and ASCII table, found in text on pp. 1191 – 1193/Old Text, pp. 1159 - 1161

syntax for a simple arithmetic expression


operand   operator   operand


examples



3 + 7



9.5 * 8.73



7 - 2



18.0 / 6.0

spacing between values

· does not affect the operation

· is helpful for reading purposes

Integer Division
Division of two integers

note: two situations

· division by “0" is unacceptable

· may result in error message (or warning) or inaccurate result

· e.g. 3 / 0 = 3

· remainder will be discarded unless you check for modulus

examples:


9 / 4 = 2


9 % 4 = 1


17 / 3 = 5


17 % 3 = 2


14 / 2 = 7


14 / 2 = 0

(ARITHMETIC OPERATIONS - continued)
Operators


Binary:   +   -   *   /   %


Unary:   -  (negation: reverses the sign of the number)

Operator Precedence
The order of operations in a complex arithmetic expression.


example 1:
8 + 5 * 7 % 2 * 4 = ?


example 2:
(8 + 5) * (7 % 2) * 4 = ?

Precedence establishes the priority of operators within an expression.

Operators with the same precedence are evaluated according to their associativity.

Memorize ( pp. 89 – 93/ Old Text pp. 90 - 93 rules [Operator Precedence and Associativity])


unary operator ( - )
Right to Left

- 3
- ( - 3 )


*  /  %


Left to right


+  -


Left to Right

Rules
· two binary operators must never be placed side by side;

· parenthesis are evaluated first;

· nested parenthesis are evaluated from innermost to outermost;

· parenthesis may not be used to indicate multiplication.

IX.  ASSIGNMENT STATEMENTS - continued
Assigning a value to a constant

· a constant value

 ( int  num1 = 7 )

· another variable

 ( num2 = num1 )

· an expression

 ( num3 = num2 * 7 )

· here, the value to the right of the assignment statement is calculated, and then is assigned to the variable to the left

Considerations:

· variables on the right of the assignment operator must have already been given valid values;

· variables on the right should be of the same type as those on the left

· only one variable can appear on the left side of the assignment operator

· the right side evaluates to a value, and this value is then stored on the left side

· multiple assignments are possible within the same statement

a = b = c = 25;

· the variable on the left side of the assignment operator must be of sufficient size to store the value on the right side of the assignment operator

Assignment Variations

· although only 1 variable is allowed to the left of an assignment operator, the variable on the left can be a part of the expression on the right

sum = sum + 10;

· what happens

· the right side is evaluated (calculated)

· this is then stored in the variable on the left

· a prep for counting/accumulating (next topic)

Shortcut Assignment Operators

· important to be aware of, whether or not you choose to use them

+=
-=
*=
/=
%=

example:


sum += 10;


read as:
   sum = sum + 10;


the operator is applied from right to left

· the variable to the left is applied to the complete expression on the right

example:
sum *= tax_rate + 10;

read as:

sum = sum * (tax_rate + 10);

Data Type Conversion
· takes place across assignment operators

· the value on the right side of the assignment operator is converted to the data type of the variable to the left of the assignment operator

· real = integer

integer becomes a real value

· integer = real

real becomes an integer value

· remember, the decimal portion is truncated
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