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Data Types in C# 

Objectives 

 After completing this unit you will be able to: 

• Explain what "Strongly Typed" means, and why 
strongly-typed languages contribute to program 
reliability. 

• Explain when implicit conversion is used in C#, and 
when casting must be used. 

• Name the types available in C#, and state the size of 
each type. 

• Use C# types in simple programs. 

 



Object Oriented Programming in C# 

Rev. 1.2 Copyright © 2002 Object Innovations, Inc. 87 
 All Rights Reserved 

Strong Typing 

• C# is a strongly typed language. 

− Variables and constants of different types may not be mixed, 
except according to strict rules. 

− The C# compiler will refuse to compile type conversions that 
are not 'safe'. 

• By contrast, C++ is a weakly typed language, and 
Visual Basic is untyped. 

• Strong typing prevents certain types of errors 

− Unintended mixing of types 

− Loss of precision 
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Demo: Typing in C#, VB and C++ 

• C# is a strongly typed language.  

− See Seven\Charp 

• C++ is a weakly typed language. 

− See Seven\Cpp 

• VB6 can be programmed in an untyped manner. 

− See Seven\Vb 
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C# Types 

• In C#, the size of each type is specified. 

− In C and C++, the sizes of the types are not completely 
specified; only relative sizes are given. 

− C# is similar to Java in size specification. 

• C# has five categories of types. 

− Integer Types 

− Floating-point Types 

− Decimal Type 

− Character Type 

− Boolean Type 
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Integer Types 

• C# has a large variety of integer data types. 

− Allows great flexibility to choose appropriate size and 
signed/unsigned for you application. 

C# 
Keyword 
 

Size 
 
 

Signed/ 
Unsigned 
 

Type in 
System 
Namespace 

sbyte 8 bits signed SByte 
byte 8 bits unsigned Byte 
short 16 bits signed Int16 
ushort 16 bits unsigned UInt16 
int 32 bits signed Int32 
uint 32 bits unsigned UInt32 
long 64 bits signed Int64 
ulong 64 bits unsigned UInt64 
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Integer Type Range 

• Use the MinValue and MaxValue members of the 
types in the System namespace to find the range of 
each integer type. 

− Example: 

Console.WriteLine("min int= " + UInt32.MinValue); 
Console.WriteLine("max int= " + UInt32.MaxValue); 

 

− Output: 

min int = -2147483648 
max int = 2147483647 
 

− See the program IntegerRange 
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Integer Literals 

• A literal is a source code representation of a value. 
squaresChess = 64; 
 

− In this example, '64' is an integer literal. 

• Integer literals are always stored as either 32-bit or 
64-bit values. 

− In the above example, the value '64' is stored as a 32-bit 
number. 

• You may specify the type that is used with a suffix. 

− L (or l) for long 

− U (or u) for unsigned 

− Suffixes may be combined:  LU, UL, ul, lu (any combination 
of case and order) 

• Hexadecimal representation uses the prefix 0x (or 
0X). 
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Floating Point Types 

• Used to express very large and very small quantities. 

• There are two floating point types in C#, 
corresponding to single and double precision. 

C# 
Keyword 
 

Size 
 
 

Type in 
System 
Namespace 

float 32 bits Single 
double 64 bits Double 
 

• There is actually a third floating point type, called 
decimal, which is covered later in this module. 

• Use the MinValue and MaxValue members of the 
types in the System namespace to find the range of 
each floating point type. 

− See Lab 4 
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Floating Point Literals 

• Floating point literals may use either decimal or 
exponential notation. 

− Decimal notation example:  3.141529 

− Exponential notation example: 2e-9 (0.000000002) 

− Mixed notation:  3.01e3 (3,010) 

• The default type of a floating point literal is double. 

− To specify float, use a suffix of F or f. 

− A suffix of D or d can be used to signify double (even though 
that is redundant, you might want to emphasize it for some 
reason). 
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IEEE Standard for Floating Point 

• C# uses the IEEE 754 floating point standard (see 
http://grouper.ieee.org/groups/754/). 

− IEEE 754-1985 governs binary floating-point arithmetic. It 
specifies number formats, basic operations, conversions, and 
exceptional conditions. The related standard IEEE 854-1987 
generalizes 754 to cover decimal arithmetic as well as binary.   

• IEEE 754 defines two special values, NaN, and 
Infinity 

− Infinity results from an attempt to divide a non-zero number 
by a floating point zero. 

− NaN results from an attempt to divide a floating point zero by 
any number, including floating point zero. 

• Example program 

− See SpecialFloat 
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Decimal Type 

• Floating point types (even double) are frequently not 
sufficiently precise for financial calculations. 

− Even a small round-off error may be unacceptable. 

• To address this problem, a new type was introduced 
which can precisely represent decimal numbers with 
up to 28 digits. 

C# 
Keyword 
 

Size 
 
 

Type in 
System 
Namespace

decimal 96 bits Decimal 
 

• As with integer and floating point types, the range 
may be found using the MinValue and MaxValue 
member functions of Decimal. 

• This type is new for C#.   

− C++ and Java require library support to get the equivalent of 
decimal. 
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Decimal Literals 

• The decimal literal suffix is M 

− For "Money". 

− The M suffix may be combined with exponential and decimal 
notation. 

decimal billGatesSalary = 4.0e6M; 
 

• Example program: 

− See DecimalLiterals 
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Character Type 

• C# uses a 16-bit Unicode character set. 

C# 
Keyword 
 

Size 
 
 

Type in 
System 
Namespace 

char 16 bits Char 
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Character Literals 

• Character in single quotes 

− '7' // Unicode character '7' 

• Hex encoding (\x) 

− \x0055  // '7' in hex 

• Unicode prefix (\u) 

− \u0055 // '7' using Unicode prefix 

• To represent characters with a special meaning, use a 
backslash (\) to 'escape'. 

− '\'' // the single quote character 

− '\\' // the backslash character 

• Example program: 

− See CharacterLiterals 
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Escape Characters 

• There are a number of non-printing or special 
characters used by C# which have been given special 
escape sequences. 

Escape 
Character 

Name 
 

Value 
 

\’ Single quote 0x0027 
\” Double quote 0x0022 
\\ Backslash 0x005C 
\0 Null 0x0000 
\a Alert 0x0007 
\b Backspace 0x0008 
\f Form feed 0x000C 
\n New line 0x000A 
\r Carriage return 0x000D 
\t Horizontal tab 0x0009 
\v Vertical tab 0x000B 
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Boolean Type 

• The bool type represents the logical values 'true' and 
'false'. 

− true and false are the two Boolean literals. 

C# 
Keyword 
 

Size 
 
 

Type in 
System 
Namespace

bool 8 bits Boolean 
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Implicit Conversions 

• Since C# is strongly typed, if we need to use a value of 
one data type where another type is expected, we 
must use a conversion. 

• An implicit conversion is done silently by the compiler 
where needed. 

− Implicit conversions are only done for safe conversions, 
where the target type has a larger dynamic range (wider) than 
the type to be converted. 

• Examples:   

− float to double 

− byte to int 
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Explicit Conversions 

• An explicit conversion is specified by the 
programmer, using a cast. 

− An explicit conversion is generally required if the target type 
has a smaller dynamic range (narrower). 

− Example: 

float pi = 3.141529; // compiler error; 
// default is double 

float pi = (double) 3.141529; // ok 
 

− An explicit conversion is needed if the dynamic range of the 
target doesn't include all of the values possible for the type to 
be converted. 

− Example: 

char seven = '7'; 
short number; 
number = seven;  // compiler error 
// character range 0 to 65535 
// short range -32768 to 32767 

 

• The bool type may not be cast to or from any other 
type. 

− However, there are conversion functions available in a 
special class (called Convert) for this purpose. 
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Conversions Example 

• Example program illustrates a number of issues in 
implicit and explicit conversion. 

// Conversions.cs 
 
using System; 
 
public class Conversions 
{ 
 public static int Main(string[] args) 
 { 
  // float pi = 3.14;  // compiler error 
  float pi = (float) 3.14; 
  Console.WriteLine("pi = " + pi); 
  // short seven = '7';  // compiler error 
  short seven = (short) '7';  // cast 
  ushort useven = '7';    // ok 
  Console.WriteLine("seven = " + seven); 
  Console.WriteLine("useven = " + useven); 
  //int itrue = (int) true;    // cast fails 
  int itrue = Convert.ToInt32(true); 
  int ifalse = Convert.ToInt32(false); 
  Console.WriteLine("itrue = " + itrue); 
  Console.WriteLine("ifalse = " + ifalse); 
  return 0; 
 } 
} 
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Lab 4  

Type Sizes  

 
In this lab, you will investigate the sizes of the different types. You 
will write a C# program to find and display the largest or smallest 
values of various data types. You will also modify a program to 
properly calculate a large integer value, corresponding to a 
terabyte. 
 
Detailed instructions are contained in the Lab 4 write-up at the end 
of the chapter. 
 
Suggested time:  20 minutes 
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Summary 

• C# is strongly typed 

• Types in C# have specified sizes 

• Some conversions are safe, and can be implicitly 
performed by the compiler. 

• Some conversions are potentially unsafe, but may be 
explicitly specified by the programmer, using casts 

• Boolean conversions to or from other types are only 
permitted using member conversion functions 
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Lab 4 

Type Sizes  

Introduction 
 
In this lab, you will investigate the sizes of the different types. You will write a C# 
program to find and display the largest or smallest values of various data types. You will 
also modify a program to properly calculate a large integer value, corresponding to a 
terabyte. 
 
Suggested Time:  20 minutes 
 
Root Directory: OIC\CSharp 
 
Directories:  Labs\Lab4\LargeSmall  (Exercise 1 work area) 
  Chap04\LargeSmall   (Exercise 1 answer) 
  Labs\Lab4\Bytes   (Exercise 2 work area) 
  Chap04\Bytes\Step1   (Exercise 2 backup of starter files 
  Chap04\Bytes\Step2   (Exercise 2 answer) 
 
Exercise 1. Large and Small Numbers 
 
1. Which of the following data types can represent the largest positive number? 

float, double, decimal 

2. Which of the following data types can represent a number with the greatest precision? 
Which would have the least precision? 

float, double, decimal 

3. Write a C# program that will find the following: 

a. The largest float 
b. The smallest decimal 
c. The smallest double 

 
Your program should print lines that look like: 
 
The largest float is xxxxxxxxx 
 

Use Visual Studio to create an empty C# project LargeSmall in the Lab4 folder. This 
will create the folder LargeSmall. Add a new file LargeSmall.cs to your project, where 
you will place your program code. 
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Exercise 2.  Calculating Bytes 
 
 Build and run the starter program, which prints out the number of. bytes in a 
kilobyte, megabyte and gigabyte.  Note that this program does no input.  Try making a 
simple extension to add the declaration of an int variable tera, which you will use to hold 
the number of bytes in a terabyte (approximately a trillion bytes, or 1024 times a 
gigabyte).  The program fails.  Why?  Fix the problem! 
 The proper output is: 
 
1 kilobyte = 1024 bytes 
1 megabyte = 1048576 bytes 
1 gigabyte = 1073741824 bytes 
1 terabyte = 1099511627776 bytes 
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Lab 4 Answers 

Exercise 1 
 
1. The largest positive number can be represented by double. 

2. The highest precision can be achieved by using decimal, the lowest by float. 

3. See the program LargeSmall. 

 
Exercise 2 
 
The problem is that int cannot hold a large enough integer. The fix is to simply use the 
long data type, as shown in Bytes\Step2. 
 
// Bytes.cs - Step 2 
// 
// Calculate and print out number of bytes in a kilobyte, 
// megabyte, and gigabyte 
// Step 2 -- terabyte, using long 
 
using System; 
 
class Bytes 
{ 
    public static void Main(String[] args) 
    { 
        int kilo = 1024; 
        int mega = kilo * kilo; 
        long giga = kilo * mega; 
        long tera = kilo * giga; 
        Console.WriteLine("1 kilobyte = " + kilo + " bytes"); 
        Console.WriteLine("1 megabyte = " + mega + " bytes"); 
        Console.WriteLine("1 gigabyte = " + giga + " bytes"); 
        Console.WriteLine("1 terabyte = " + tera + " bytes"); 
    } 
} 
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Chapter 16 

Exceptions 
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Exceptions 

Objectives 

 After completing this unit you will be able to: 

• Use the C# exception mechanism. 

• Create and use your own exception classes. 
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Introduction to Exceptions 

• An inevitable part of programming is dealing with 
error conditions of various sorts.  

• This chapter introduces the exception handling 
mechanism of C#, beginning with a discussion of the 
fundamentals of error processing and various 
alternatives that are available.  

• The .NET class library provides an Exception class, 
which you can use to pass information about an 
exception that occurred.  

• To further specify your exception and to pass 
additional information, you can derive your own class 
from Exception.  

• When handling an exception you may want to throw 
a new exception.  

• In such a case you can use the “inner exception” 
feature of the Exception class to pass the original 
exception on with your new exception.  

• We will illustrate these features with a simplified 
version of our case study example, and then provide 
an update to the case study itself, incorporating basic 
exception handling.  

• We also provide an example of handling arithmetic 
exceptions. 
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Exception Fundamentals 

• The traditional way to deal with errors when 
programming is to have the functions you call return 
a status code.  

− The status code may have a particular value for a good return 
and other values to denote various error conditions.  

− The calling function checks this status code, and if an error 
was encountered, it performs appropriate error handling.  

− This function in return may pass an error code to its calling 
function, and so on up the call stack.  

• Although straightforward, this mechanism has a 
number of drawbacks, principally lack of robustness.  

− The called function may have impeccable error checking 
code and return appropriate error information, but all this 
information is wasted if the calling function does not make 
use of it.  

− The program may continue operation as if nothing were 
amiss, and sometime later, crash for some mysterious reason. 

− Another disadvantage is that every function in the call stack 
must participate in the process, or the chain of error 
information will be broken.  

− In languages such as C# that have constructors and 
overloaded operators, there is not even a return value for 
some operations. 
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.NET Exception Handling 

• C# provides an exception mechanism that can be used 
for reporting and handling errors.  

− An error is reported by “throwing” an exception.  

− The error is handled by “catching” the exception.  

− This mechanism is similar in concept to exceptions in C++ 
and Java. 

− Exceptions are implemented in .NET by the Common 
Language Runtime, so exceptions can be thrown in one .NET 
language and caught in another.  

• The exception mechanism involves the following 
elements: 

− Code that might encounter an exception should be enclosed 
in a try block. 

− Exceptions are caught in a catch block. 

− An Exception object is passed as a parameter to catch. The 
data type is System.Exception or a derived type. 

− You may have multiple catch blocks. A match is made based 
on the data type of the Exception object. 

− An optional finally clause contains code that will be executed 
whether or not an exception is encountered. 

− In the called method, an exception is raised through a throw 
statement. 



Object Oriented Programming in C# 

Rev. 1.2 Copyright © 2002 Object Innovations, Inc. 460 
 All Rights Reserved 

Exception Flow of Control 

• The general structure of code which might encounter 
an exception is shown below: 

try 
{ 
 // code that might throw an exception  
} 
catch (ExceptionClass1 e) 
{ 
 // code to handle this type of exception 
} 
catch (ExceptionClass2 e) 
{ 
 // code to handle this other type of exception 
} 
// possibly more catch handlers 
// optional finally clause (discussed later) 
// statements after try ... catch 
 

• Each catch handler has a parameter specifying the 
data type of exception that it can handle.  

• The exception data type can be System.Exception or a 
class ultimately derived from it.  

− If an exception is thrown, the first catch handler that matches 
the exception data type is executed, and then control passes 
to the statement just after the catch block(s).  

− If no handler is found, the exception is thrown to the next 
higher “context” (e.g., the function that called the current 
one). If no exception is thrown inside the try block, all the 
catch handlers are skipped. 
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Context and Stack Unwinding 

• As the flow of control of a program passes into nested 
blocks, local variables are pushed onto the stack and 
a new “context” is entered.  

− Likewise, a new context is entered on a method call, which 
also pushes a return address onto the stack. 

− If an exception is not handled in the current context, the 
exception is passed to successively higher contexts until it is 
finally handled (or else is “uncaught” and is handled by a 
default system handler). 

• When the higher context is entered, C# adjusts the 
stack properly, a process known as stack unwinding.  

− In C# exception handling, stack unwinding involves both 
setting the program counter and cleaning up variables 
(popping stack variables and marking heap variables as free, 
so that the garbage collector can deallocate them). 
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Exception Example 

• Now let’s look at some code that illustrates the 
principles we have discussed so far.  

• We will use a simplified version of our Account class, 
which has only methods Deposit and Withdraw, and 
the property Balance.  

− Both methods will throw an exception if the amount passed 
as a parameter is negative.  

− In addition, the Withdraw method will throw an exception if 
the new balance would be negative—overdrafts are not 
allowed.  

• Our example program is in the directory 
AccountExceptionDemo\Step1. 

• In the test program, we place the entire body of the 
command processing loop inside a try block.  

− The catch handler prints an error message that is passed 
within the exception object.  

− Then after either normal processing or displaying an error 
message, a new command is read in.  

− This simple scheme provides reasonable error processing, as 
a bad command will not be acted upon, and the user will have 
an opportunity to enter a new command. 
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Exception Example (Cont’d) 

// Account.cs 
 
using System; 
 
public class Account 
{ 
   protected decimal balance; 
   public Account(decimal balance) 
   { 
      this.balance = balance; 
   } 
   public void Deposit(decimal amount) 
   { 
      if (amount < 0.00m) 
         throw new Exception( 
"The transaction amount cannot be negative."); 
      balance += amount; 
   } 
   public void Withdraw(decimal amount) 
   { 
      if (amount < 0.00m) 
         throw new Exception( 
"The transaction amount cannot be negative."); 
      decimal newbal = balance - amount; 
      if (newbal < 0.00m) 
         throw new Exception( 
"The balance cannot be negative."); 
      balance = newbal; 
   } 
   public decimal Balance 
   { 
      get 
      { 
         return balance; 
      } 
   } 
} 
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Exception Example (Cont’d) 

// AccountExceptionDemo.cs  
 
while (! cmd.Equals("quit")) 
{ 
   try 
   { 
      if (cmd.Equals("deposit")) 
      { 
         decimal amount = iw.getDecimal( 
            "amount: "); 
         acc.Deposit(amount); 
         ShowBalance(acc); 
      } 
      else if (cmd.Equals("withdraw")) 
      { 
         decimal amount = iw.getDecimal( 
            "amount: "); 
         acc.Withdraw(amount); 
         ShowBalance(acc); 
      } 
      else if (cmd.Equals("show")) 
         ShowBalance(acc); 
      else 
         help(); 
   } 
   catch (Exception e) 
   { 
      Console.WriteLine(e.Message); 
   } 
   cmd = iw.getString("> "); 
} 
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System.Exception 

• The System.Exception class provides a number of 
useful methods and properties for obtaining 
information about an exception. 

− Message returns a text string providing information about the 
exception.  

− This message is set when the exception object is constructed.  

− If no message is specified, a generic message will be 
provided, indicating the type of the exception.  

− The Message property is read-only. (Hence, if you want to 
specify your own message, you must construct a new 
exception object, as done in the example above.) 

− StackTrace returns a text string providing a stack trace at the 
place where the exception arose. 

− InnerException holds a reference to another exception.  

− When you throw a new exception, it is desirable not to lose 
the information about the original exception.  

− The original exception can be passed as a parameter when 
constructing the new exception.  

− The original exception object is then available through the 
InnerException property of the new exception. (We will 
provide an example of using inner exceptions later in this 
chapter.) 
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User-Defined Exception Classes 

• You can do basic exception handling using only the 
base Exception class, as illustrated previously.  

− In order to obtain more fine-grained control over exceptions, 
it is frequently useful to define your own exception class, 
derived from Exception.  

− You can then have a more specific catch handler that looks 
specifically for your exception type.  

− You can also define other members in your derived exception 
class, so that you can pass additional information to the catch 
handler. 

• We will illustrate by enhancing the Withdraw method 
of our Account class (AccountExceptionDemo\Step1).  

− We want to distinguish between the two types of exceptions 
we throw. The one type is essentially bad input data (a 
negative value).  

− We will continue to handle this exception in the same manner 
as before (which is the same as bad input data that gives rise 
to a format exception, thrown by .NET library code).  

− We will define a new exception class BalanceException to 
cover the case when the balance would become negative.  

− In this case we want to allow the user an opportunity to 
correct the situation (in this case simply by making a deposit 
to cover the shortage).  
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User Exception Example 

• Our example program is 
AccountExceptionDemo\Step2.  

• Note that we define a property Shortage that can be 
used to store the information about how short the 
balance is.  

− The constructor of our exception class takes two parameters.  

− The first parameter is an error message string, and the second 
parameter is the amount of the shortage.  

− We pass the message string to the constructor of the base 
class.  

− We must also modify the code of the Account class to throw 
our new type of exception when an illegal negative balance 
would be created. 

• Finally we modify the code in our test program that 
processes the “withdraw” command.  

− We place the call to Withdraw inside another try block, and 
we provide a catch handler for a BalanceException. In this 
catch handler we allow the user an opportunity to make a 
supplemental deposit. 
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User Exception Example (Cont’d) 

// BalanceException.cs 
 
using System; 
 
public class BalanceException : Exception 
{ 
   private decimal shortage; 
   public BalanceException(string message,  
      decimal shortage) : base(message) 
   { 
      this.shortage = shortage; 
   } 
   public decimal Shortage 
   { 
      get 
      { 
         return shortage; 
      } 
   } 
} 
 
// Account.cs 
 
... 
 
public void Withdraw(decimal amount) 
{ 
   if (amount < 0.00m) 
      throw new Exception( 
"The transaction amount cannot be negative."); 
   decimal newbal = balance - amount; 
   if (newbal < 0.00m) 
      throw new BalanceException( 
"The balance cannot be negative.", -newbal); 
   balance = newbal; 
} 
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User Exception Example (Cont’d) 

// AccountExceptionDemo.cs  
 
... 
 
else if (cmd.Equals("withdraw")) 
{ 
   decimal amount = iw.getDecimal("amount: "); 
   try 
   { 
      acc.Withdraw(amount); 
   } 
   catch (BalanceException e) 
   { 
      Console.WriteLine("You are short {0:C}",  
         e.Shortage); 
      Console.WriteLine("Please make a deposit"); 
      decimal supplemental = iw.getDecimal( 
         "amount: "); 
      acc.Deposit(supplemental); 
      acc.Withdraw(amount);   // try again 
   } 
} 
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Structured Exception Handling 

• One of the principles of structured programming is 
that a block of code should have a single entry point 
and a single exit point.  

− The goto statement is bad, because it facilitates breaking this 
principle.  

− But there are other ways to violate the principle of a single 
exit point, such as multiple return statements from a method. 

− Multiple return statements may not be too bad, because these 
may be encountered during normal, anticipated flow of 
control.  

• Exceptions can cause a particular difficulty, since 
they interrupt the normal flow of control.  

• In a common scenario you can have at least three 
ways of exiting a method: 

− No exception is encountered, and any catch handlers are 
skipped. 

− An exception is caught, and control passes to the code after 
the catch handlers. 

− An exception is caught, and the catch handler itself throws 
another exception. Then code after the catch handler will be 
bypassed. 

• The first two cases aren’t a problem, as in both cases 
control passes to the code after the catch handlers, 
but the third case is a source of difficulty. 
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Finally Block 

• The structured exception handling mechanism in C# 
resolves this problem with a finally block.  

− The finally block is optional, but if present must appear 
immediately after the catch handlers.  

− It is guaranteed that the code in the finally block will always 
execute before the method is exited, in all three cases 
described. 

• We illustrate use of finally in the Withdraw command 
of our Account example.  

• See the directory AccountExceptionDemo\Step3.  

− There are several ways to exit this block of code, and the user 
might become confused about her balance upon exiting.  

− We insert a finally block, which will display the balance. 
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Finally Block (Cont’d) 

// AccountExceptionDemo.cs  
 
else if (cmd.Equals("withdraw")) 
{ 
   decimal amount = iw.getDecimal("amount: "); 
   try 
   { 
      acc.Withdraw(amount); 
   } 
   catch (BalanceException e) 
   { 
      Console.WriteLine( 
         "You are short {0:C}", e.Shortage); 
      Console.WriteLine("Please make a deposit"); 
      decimal supplemental = iw.getDecimal( 
         "amount: "); 
      acc.Deposit(supplemental); 
      acc.Withdraw(amount);   // try again 
   } 
   finally 
   { 
      ShowBalance(acc); 
   } 
} 
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Inner Exceptions 

• In general, it is most convenient to handle exceptions 
near their source, because you have the most 
information available about the context in which the 
exception occurred.  

− A common pattern is to create a new exception object that 
captures more detailed information and throw this on to the 
calling program. 

• When you throw a new exception, you don’t want to 
lose the information about the original exception.  

• The original exception can be passed as a parameter 
when constructing the new exception.  

− The original exception is then available through the 
InnerException property of the new exception.  

− Notice that in the code above we pass the exception object e 
as a parameter to the constructor of the new Exception object 
that we throw. 

• In the ArithmeticExceptionDemo program we review 
checked integer arithmetic (you may wish to refer to 
the last section of Chapter 5), and then we present the 
entire example program. 
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Checked Integer Arithmetic 

• By default in C#, integer overflow does not raise an 
exception; instead the result is truncated.  

• The checked operator will cause the integer 
calculation to check for overflow and throw an 
exception if an overflow condition arises.  

• You can cause all integer arithmetic to be checked via 
the /checked compiler command line switch. 

• You can turn off checking by the unchecked operator.  

• Unchecked arithmetic is faster but less safe. 
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Example Program 

• The ArithmeticExceptionDemo program demonstrates 
a number of scenarios of arithmetic exceptions.  

− You can experiment by commenting and uncommenting 
different sections of code.  

− You can also try building with the /checked compiler option. 

− Notice how in the main program we display the inner 
exception, if any. (If there is no inner exception, the 
InnerException property will be null.) 

public static int Main(string[] args) 
{ 
   int prod; 
   long lprod; 
   try 
   { 
      lprod = LongMultiply(56666L, 57777L); 
      Console.WriteLine("product = {0}", lprod); 
      prod = Multiply(56666, 57777); 
      Console.WriteLine("product = {0}", prod); 
      ... 
   } 
   catch (Exception e) 
   { 
      Console.WriteLine("Exception: {0}",  
         e.Message); 
      if (e.InnerException != null) 
         Console.WriteLine("Inner Exception: {0}", 
            e.InnerException.Message); 
   } 
   return 0; 
} 
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Lab 16  

Time Exceptions 

 
The Time class from Lab 15 does not do any error checking when 
a string is converted into a time. In this lab you will add basic error 
checking by throwing an exception if the string cannot be 
converted to a valid time. Note that the conversion is done by an 
operator, so exception handling is the only mechanism you can 
reasonably use; a status return value will not work. 

 
Detailed instructions are contained in the Lab 16 write-up at the 
end of the chapter. 

 
Suggested time:  30 minutes 
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Summary 

• The traditional way to deal with errors in programs 
is to check an error return code.  

• This approach has a number of defects, the most 
important of which is that the calling program may 
simply ignore error returns.  

• C# provides an exception mechanism, which includes 
a try block, catch handlers, and a finally block.  

• You can raise exceptions by means of a throw 
statement.  

• The .NET class library provides an Exception class, 
which you can use to pass information about an 
exception that occurred.  

• To further specify your exception and to pass 
additional information, you can derive your own class 
from Exception.  

• When handling an exception, you may want to throw 
a new exception.  

• In such a case you can use the “inner exception” 
feature of the Exception class to pass the original 
exception on with your new exception.  
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Lab 16 

Time Exceptions 

Introduction 
 
The Time class from Lab 15 does not do any error checking when a string is converted 
into a time. In this lab you will add basic error checking by throwing an exception if the 
string cannot be converted to a valid time. Note that the conversion is done by an 
operator, so exception handling is the only mechanism you can reasonably use; a status 
return value will not work. 
 
Suggested Time:  30 minutes 
 
Root Directory: OIC\CSharp 
 
Directories:  Labs\Lab16\TimeException   (Work area) 
  Chap16\TimeException\Step1  (Backup of starter files) 
  Chap16\TimeException\Step2  (Answer) 
 
Instructions 
 
1. Build the starter code and run it a few times with valid and invalid input data. Note 
how the program crashes on invalid input. 

2. Modify the Time class to throw exceptions for the following conditions: 

a. User inputs a string not of the form of two strings separated by a colon. 

b. The hours are not between 0 and 23. 

c. The minutes are not between 0 and 59. 

d. Any other errors you discover (the answer given may not be complete). 

3. Build and run with the original test program. It still crashes, but if you inspect the 
error message, you should see that your various exceptions were thrown. 

4. Add exception handling to the test program to catch exceptions and display an error 
message, and allow the user to enter another time string. 

5. Build and run your new test program. Test with both data you validate for, and for 
other invalidate data (for example, two non-numeric strings separated by a colon). In the 
latter case you should see an exception thrown by the system. 
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Lab 16 Answer 

// Time.cs 
 
using System; 
 
public class Time 
{ 
   private int hour; 
   private int minute; 
   public Time(int h, int m) 
   { 
      hour = h; 
      minute = m; 
   } 
   public static explicit operator Time(string str) 
   { 
      char[] seps = {':'}; 
      string[] pieces = str.Split(seps); 
      if (pieces.Length != 2) 
         throw new Exception("Improper format for time"); 
 
      int hour = Convert.ToInt32(pieces[0]); 
      if (hour < 0 || hour > 23) 
         throw new Exception("Hours out of range"); 
 
      int minute = Convert.ToInt32(pieces[1]); 
      if (minute < 0 || minute > 59) 
         throw new Exception("Minutes out of range"); 
 
      Time t = new Time(hour, minute); 
      return t; 
   } 
   public static implicit operator string(Time t) 
   { 
      return t.hour + ":" + t.minute; 
   } 
   public void Show() 
   { 
      Console.WriteLine("{0} hours {1} minutes", hour, minute); 
   } 
} 
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// TestTime.cs 
 
using System; 
 
public class TestTime 
{ 
   static void Main() 
   { 
      Console.WriteLine("Enter time in format hh:mm"); 
      Console.WriteLine("Press carriage return to quit"); 
      InputWrapper iw = new InputWrapper(); 
      string str = iw.getString("time: "); 
      while (str != "") 
      { 
         try 
         { 
            Time t = (Time) str; 
            t.Show(); 
         } 
         catch (Exception e) 
         { 
            Console.WriteLine(e.Message); 
         } 
         str = iw.getString("time: "); 
      } 
      Console.WriteLine("Goodbye"); 
   } 
} 


