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Example for 
Compile and Link



Compile and Link multiple CPP files

main.cpp matrixop.h

matrixop.cpp



Integers

The slides are based on the book <Stephen Prata, C++ Primer Plus, 6th Edition, Addison-Wesley Professional, 2011>



Integer Types
• What is the integer?

Ø Integers are numbers with no fractional part
• C++ provides several choices
Øchar
Øshort, int, long, long long
Ø C++ integer types differ in the amount of memory
Ø Width is used to describe the differences
Ø Both signed and unsigned versions



Width
• Integer Types: width

Ø int is 16 bits (the same as short) for older IBM PC implementations
Ø int is 32 bits (the same as long) for Windows XP, Windows Vista, Windows 7, 

Macintosh OS X, VAX, and many other minicomputer implementations
Ø The width depends on the platforms (CPU+OS+Complier)



In Example: sizeof Operator
• A important operator: how to use it?

Ø A type name 
Ø A variable name

• What is it used for?
Ø To allocate block of memory dynamically
Ø To find out number of elements in a array

• May give different output according to machine
• It is a keyword in C Programming

• Run program example 

Ø What’s the max value of your short/int?
Ø // limits.cpp -- some integer limits



In Example: Header File-climits

• The climits header file defines 
symbolic constants
• The compiler manufacturer 

provides a climits file
• Could you please remember 

how the preprocessor 
directives #include and #define 
work?



In Example: Initialization
• Initialization combines assignment with declaration

Ø Use literal constants: 11101
Ø Use macros: INT_MAX
Ø Use another variable

• Could you please remember how and why declaration works?
• Initializing the variable when you declare
• Initialization with C++11

Ø Using a braced initializer
Ø The braces can be left empty

• Run program example
Ø // Initialization.cpp-- with C++11



Unsigned Types

• Use unsigned types only for 
quantities that are never negative
• Increasing the largest value

• Run program example
Ø Go beyond the limits for integer types
Ø //exceed.cpp -- exceeding some integer limits

unsigned short: 00000000 00000000 (0)
unsigned short: 00000000 00000001 (1)
unsigned short: 01111111 11111111 (32767)
unsigned short: 11111111 11111111 (65535)

signed short: 00000000 00000000 (0)
signed short: 11111111 11111111 (-1)
signed short: 10000000 00000000 (-32768)



Choosing an Integer Type

• The most “natural” integer size: int

• Unsigned int
Ø Something that is never negative
Ø Integer values need to be too great

• Using short can conserve memory

• If you need only a single byte, you 
can use char



Integer Literals
•Number Bases 

Ø Base 10 (Decimal: the public favorite)
Ø Base 8 (Octal: the old Unix favorite)
Ø Base 16 (Hexadecimal: the hardware hacker’s favorite)

•Uses the first digit or two (Prefix)
Ø The first digit is in the range 1–9, the number is base 10
Ø The first digit is 0 and the second digit is in the range 1–7, the 

number is base 8 (octal)
Ø The first two characters are 0x or 0X, the number is base 16

(hexadecimal)

•These notations are merely notational 
conveniences



Examples of Integer Literals

• Run program example
Ø //hexoct1.cpp -- shows hex and octal literals
Ø cout displays integers in decimal form

• Run program example
Ø It provides the dec, hex, and oct

manipulators to give cout the messages
Ø //hexoct2.cpp -- display values in hex and 

octal

• For different integral types
Ø Suffixes of integer constant



The char Type: Characters and Small Integers
• char type is designed to store 

characters, such as letters, 
punctuation and numeric digits
Ø Using number codes for letters
Ø The char type is another integer type
Ø ASCII character set
Ø International Unicode character set

• Run program example
Ø // chartype.cpp -- the char type

• Run program example
Ø // morechar.cpp -- the char type and int type 

contrasted



char Literals

• Enclose the character in 
single quotation marks
• There are some characters 

that you can’t enter into a 
program directly
• Run program example 8

Ø // bondini.cpp -- using escape 
sequences



More About char
• signed char ([-128,127]) and unsigned char ([0,255])

Ø Allow the compiler developer to best fit the type to the hardware 
properties

Ø Can use signed char or unsigned char explicitly

• wchar_t, char16_t and char32_t
Ø wchar_t for wide character type is an integer type

Ø New C++11 Types: char16_t and char32_t



The bool Type
• 1 byte NOT 1 bit in storage
• The predefined literals true and false
• The literals true and false can be 

converted to type int by promotion

• Any nonzero value converts to true, 
whereas a zero value converts to false



The const Qualifier
• Could you please remember #define directives?

• Use the const keyword to modify a variable declaration and 
initialization

Ø The keyword const is termed a qualifier
Ø Note that you initialize a const in the declaration
Ø Allow you to specify the type explicitly



Floating-Point Numbers

The slides are based on the book <Stephen Prata, C++ Primer Plus, 6th Edition, Addison-Wesley Professional, 2011>



Writing Floating-Point Numbers
• C++ has two ways of writing floating-point numbers

Ø Standard decimal-point notation

Ø E notation (mantissa and exponent)



Precision of Floating-Point Types
• Run program example

Ø // floatnum.cpp -- floating-point types
Ø setf() forces output to stay in fixed-point notation
Ø ios_base::fixed and ios_base::floatfield are constants
Ø cout print six figures of digits to the right of decimal point

• Floating-Point Constants
Ø By default, floating-point constants  is double type



Advantages and Disadvantages of Floating-
Point Types

• Advantages
Ø Represent values between integers
Ø Represent a much greater range of values

• Disadvantages
Ø Slightly slower than integer operations
Ø Lose precision

• Compare two floating numbers

• Run program example
Ø // fltadd.cpp -- precision problems with float
Ø Do NOT compare if they are equal as this 

(float1==float2)



Summary of Float and Integer Types
• Arithmetic types

Ø Integer types: signed and unsigned
Ø Floating-point types



C++ Arithmetic 
Operators

The slides are based on the book <Stephen Prata, C++ Primer Plus, 6th Edition, Addison-Wesley Professional, 2011>



C++ Arithmetic Operators
• C++ uses operators to do arithmetic

• Operators include five basic arithmetic calculations: addition, 
subtraction, multiplication, division, and taking the modulus: +, -, 
*, /, %.

• Operators use two values (operands)

• The operator and its operands constitute an expression



Order of Operation: Operator Precedence and 
Associativity

• Use precedence rules to decide which operator is used first
Ø Usual algebraic precedence

Ø Use parentheses to enforce your own priorities

Ø Left-to-right associativity or a right-to-left associativity



Four Divisions

• Both operands are integers
Ø Perform integer division.
Ø Any fractional part of the 

answer is discarded, 
Ø Making the result an integer

• One or both operands are 
floating-point values
Ø The fractional part is kept
Ø Making the result floating-point

• Four distinct operations
Ø int, long, float, and double



The Modulus Operator
• Return the remainder of an integer division

Ø Symbol % is used
Ø Integer

• Run program example
Ø // modulus.cpp -- uses % operator to convert lbs to stone



Type Conversions
• C++ converts values, in 

cases:
Ø Assign a value of one

arithmetic type to a variable 
of another arithmetic type

Ø Combine mixed types in 
expressions

Ø Pass arguments to functions
• Result in the loss of some 

precision
Ø double -> float
Ø floating-> integer
Ø long-> short



Type Conversions in Initialization and 
Assignment 

• C++ uses truncation (discarding the fractional part) and not
rounding (finding the closest integer value) when converting 
floating-point types to integer types
• Run program example

Ø // initialization.cpp -- type changes on initialization

• Initialization conversions when {} are used (C++11)



Automatic Conversions in Expressions
• 1. If either operand is type long double, the other operand is converted to long double.
• 2. Otherwise, if either operand is double, the other operand is converted to double.
• 3. Otherwise, if either operand is float, the other operand is converted to float.
• 4. Otherwise, the operands are integer types and the integral promotions are made.
• 5. In that case, if both operands are signed or if both are unsigned, and one is of lower 

rank than the other, it is converted to the higher rank.
• 6. Otherwise, one operand is signed and one is unsigned. If the unsigned operand is of 

higher rank than the signed operand, the latter is converted to the type of the unsigned
operand.

• 7. Otherwise, if the signed type can represent all values of the unsigned type, the unsigned
operand is converted to the type of the signed type.

• 8. Otherwise, both operands are converted to the unsigned version of the signed type.



Other Conversions
• Conversions in passing arguments for functions

Ø C++ promotes char arguments to int

• Type Casts
Ø Force type conversions explicitly via the type cast mechanism

• Run program example
Ø // typecast.cpp -- forcing type changes
Ø // promotion.cpp -- short is promoted to int



auto Declarations in C++11
• Allow the compiler to deduce a type from the type of an 

initialization value
Ø Compiler assigns the variable the same type as that of the initializer

Ø STL (Standard Template Library)

More information https://en.cppreference.com/w/cpp

https://en.cppreference.com/w/cpp

