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 Preface
 
 O
 
 ver the years, friends and readers have asked me to write a programming cookbook, sharing some of the techniques and approaches that I use when I program. From the start, I liked the idea, but was unable to make time for it in my very busy writing schedule. As many readers know, I write extensively about several facets of programming, with a special focus on C++, Java, and C#. Because of the rapid revision cycles of those languages, I spend nearly all of my available time updating my books to cover the latest versions. Fortunately, early in 2007, a window of opportunity opened and I was finally able to devote time to the cookbook. The two most requested cookbooks were ones for Java and C++. I began with Java, with the result being my Java programming cookbook. As soon as I finished the Java book, I moved on to C++. The result is, of course, this book. I must admit that both projects were among my most enjoyable. Based on the format of a traditional food cookbook, this book distills the essence of many general-purpose C++ techniques into a collection of step-by-step recipes. Each recipe describes a set of key ingredients, such as classes, functions, and headers. It then shows the steps needed to assemble those ingredients into a code sequence that achieves the desired result. This organization makes it easy to find the technique in which you are interested and then put that technique into action. Actually, "into action" is an important part of this book. I believe that good programming books contain two elements: solid theory and practical application. In the recipes, the step-bystep instructions and discussions supply the theory. To put that theory into practice, each recipe includes a complete code example. The examples demonstrate in a concrete, unambiguous way how the recipes can be applied. In other words, the examples eliminate the "guess work" and save you time. Although no cookbook can include every recipe that one might desire (there is a nearly unbounded number of possible recipes), I tried to span a wide range of topics. My criteria for including a recipe are discussed in detail in Chapter 1, but briefly, I included recipes that would be useful to many programmers and that answered frequently asked questions. Even with these criteria, it was difficult to decide what to include and what to leave out. This was the most challenging part of writing this book. Ultimately, it came down to experience, judgment, and intuition. Hopefully, I have included something to satisfy every programmer's taste! HS
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 Example Code on the Web The source code for all of the examples in this book is available free-of-charge on the Web at www.mhprofessional.com.
 
 More from Herbert Schildt Herb Schildt's C++ Programming Cookbook is just one of Herb's many programming books. Here are some others that you will find of interest. To learn more about C++, you will find these books especially helpful: C++: The Complete Reference C++: A Beginner's Guide C++ from the Ground Up STL Programming from the Ground Up The Art of C++ To learn about Java, we recommend: Java: The Complete Reference Java: A Beginner's Guide The Art of Java Swing: A Beginner's Guide Herb Schildt's Java Programming Cookbook To learn about C#, we suggest the following Schildt books: C#: The Complete Reference C#: A Beginner's Guide If you want to learn about the C language, then the following title will be of interest: C: The Complete Reference
 
 When you need solid answers fast, turn to Herbert Schildt, the recognized authority on programming.
 
 1
 
 CHAPTER
 
 Overview
 
 T
 
 his book is a collection of techniques that show how to perform various programming tasks in C++. As the title implies, it uses the well-known "cookbook" format. Each "recipe" illustrates how to accomplish a specific operation. For example, there are recipes that read bytes from a file, reverse a string, sort the contents of a container, format numeric data, and so on. In the same way that a recipe in a food cookbook describes a set of ingredients and a sequence of instructions necessary to prepare a dish, each technique in this book describes a set of key program elements and the sequence of steps necessary to use them to accomplish a programming task. Ultimately, the goal of this book is to save you time and effort during program development. Many programming tasks consist of a set of standard functions and classes, which must be applied in a specific sequence. The trouble is that sometimes you don't know which functions to use or what classes are appropriate. Instead of having to wade through reams of documentation and online tutorials to determine how to approach some task, you can look up its recipe. Each recipe shows one way to craft a solution, describing the necessary elements and the order in which they must be used. With this information, you can design a solution that fits your specific need.
 
 What's Inside No cookbook is exhaustive. The author of a cookbook must make choices about what is and isn't included. The same is true for this cookbook. In choosing the recipes for this book, I focused on four main topic areas: string handling, the Standard Template Library (STL), I/O, and formatting data. These are core topics that relate to a wide range of programmers. They are also very large topics, which required many pages to explore in depth. As a result, each of these topics became the basis for one or more chapters. It is important to state, however, that the content of those chapters is not limited to only those topics. As most readers know, just about everything in C++ is interrelated. In the process of creating recipes for one aspect of C++, several others, such as localization, dynamic allocation, or operator overloading, are often involved. Thus, recipes for the preceding topics often illustrate other C++ techniques. In addition to the recipes related to the main topic areas, I had several others that I wanted to include but for which an entire chapter was not feasible. I grouped those recipes into the final chapter. Several of these recipes focus on overloading C++'s more specialized
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 operators, such as [ ], –>, new, and delete. Others illustrate the use of the auto_ptr and complex classes or show how to create a conversion function, a copy constructor, or an explicit constructor. There is also a recipe that demonstrates runtime type ID. Of course, choosing the topics was only the beginning of the selection process. Within each category, I had to decide what to include and what not to include. In general, I included a recipe if it met the following two criteria. 1. The technique is useful to a wide range of programmers. 2. It provides an answer to a frequently asked programming question. The first criterion is largely self-explanatory. I included recipes that describe how to accomplish a set of tasks that would commonly be encountered when creating C++ applications. Some of the recipes illustrate a general concept that can be adapted to solve several different types of problems. For example, Chapter 2 shows a recipe that searches for a substring within a string. This general procedure is useful in several contexts, such as finding an e-mail address or a telephone number within a sentence, or extracting a keyword from a database query. Other recipes describe more specific, yet widely used techniques. For example, Chapter 6 shows how to format the time and date. The second criterion is based on my experience as the author of programming books. Over the many years that I have been writing, I have been asked hundreds and hundreds of "how to" questions by readers. These questions come from all areas of C++ programming and range from the very easy to the quite difficult. I have found, however, that a central core of questions occurs again and again. Here is one example: "How do I format a number so that it has two decimal places?" Here is another: "How do I create a function object?" There are many others. These same types of questions also occur frequently on various programmer forums on the Web. I used these commonly asked "how to" questions to guide my selection of recipes. The recipes in this book span various skill levels. Some illustrate basic techniques, such as reading bytes from a file or overloading the maxlen) return false; // See if the specified substring is in the string. char *p = strstr(str, oldsubstr); // If the substring is found, replace it with the new one. if(p) { // First, use memmove() to move the remainder of the // string so that the new substring can replace the old one. // In other words, this step either increases or decreases // the size of the "hole" that the new substring will fill. memmove(p+strlen(newsubstr), p+strlen(oldsubstr), strlen(p)-strlen(oldsubstr)+1);
 
 33
 
 34
 
 Herb Schildt's C++ Programming Cookbook
 
 // Now, copy substring into str. strncpy(p, newsubstr, strlen(newsubstr)); return true; } // Return false if no replacement was made. return false; }
 
 Notice that the function will not put more than maxlen characters into str. The maxlen parameter is used to prevent array overruns. You must pass it a value that is, at most, one less than the size of the array pointed to by str. It must be one less than the size of the array because you must allow room for the null terminator. The following program shows the search_and_replace( ) function in action: // Implement "search and replace" for null-terminated strings. #include #include using namespace std; bool search_and_replace(char *orgstr, int maxlen, const char *oldsubstr, const char *newsubstr); int main() { char str[80] = "alpha beta gamma alpha beta gamma"; cout . Thus, <string> must be included in any program that uses string. 2. Create a string by using one of its constructors. Three are demonstrated in this recipe. The first creates an empty string, the second creates a string initialized by a string literal, and the third creates a string that is initialized by another string. 3. To obtain the length of the longest possible string, call max_size( ). 4. To assign one string to another, use the = operator. 5. To concatenate two string objects, use the + operator. 6. To lexicographically compare two string objects, use the relational operators, such as > or ==. 7. To obtain a reference to a character at a specified index, use the [ ] indexing operator. 8. To obtain the number of characters currently held by a string, call size( ). 9. To obtain the current capacity of a string, call capacity( ). 10. To specify a capacity, call reserve( ). 11. To remove all or part of the characters from a string, call erase( ). 12. To add a character to the end of a string, call push_back( ). 13. To obtain a substring, call substr( ).
 
 Discussion The string class defines several constructors. The ones used by this recipe are shown here: explicit string(const Allocator &alloc = Allocator( )) string(const char *str, const Allocator &alloc Allocator( ))
 
 Chapter 2:
 
 String Handling
 
 string(const string &str, size_type indx = 0, size_type len=npos, const Allocator &alloc Allocator( )) The first constructor creates an empty string. The second creates a string that is initialized by the null-terminated string pointed to by str. The third creates a string that is initialized by a substring of str that begins at indx and runs for len characters. Although these look a bit intimidating, they are easy to use. Generally, the allocator (which controls how memory is allocated) is allowed to default. This means that normally you won't specify an allocator when creating a string. For example, the following creates an empty string and a string initialized with a string literal: string mystr; // empty string string mystr2("Hello"); // string initialized with the sequence Hello In the third constructor, the defaults for both indx and len are typically used, which means that the string contains a complete copy of str. Although string objects are dynamic, growing as needed at runtime, there is still a maximum length that a string can have. Although this maximum is typically quite large, it may be useful to know it in some cases. To obtain the maximum string length, call max_size( ), shown here: size_type max_size( ) const It returns the length of the longest possible string. You can assign one string to another by using the = operator. This operator is implemented as a member function. It has several forms. Here is one used by this recipe: string &operator=(const string &str) It assigns the character sequence in str to the invoking string. It returns a reference to the invoking object. Other versions of the assignment operator let you assign a null-terminated string or a character to a string object. You can concatenate one string with another by using the + operator. It is defined as a non-member function. It has several forms. Here is the one used by this recipe: string operator+(const string &leftop, const string &rightop) It concatenates rightop to leftop and returns a string object that contains the result. Other versions of the concatenation operator let you concatenate a string object with a nullterminated string or with a character. You can insert one string into another by using the insert( ) function. It has several forms. The one used here is: string &insert(size_type indx, const string &str) It inserts str into the invoking string at the index specified by indx. It returns a reference to the invoking object. All of the relational operators are defined for the string class by non-member operator functions. They perform lexicographical comparisons of the character sequences contained within two strings. Each operator has several overloaded forms. The operators used here
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 are ==, , but all of the relational operators work in the same basic way. Here are the versions of these operators that are used in this recipe: bool operator==(const string &leftop, const string &rightop) bool operator(const string &leftop, const string &rightop) In all cases, leftop refers to the left operand and rightop refers to the right operand. The result of the comparison is returned. Other versions of these operators let you compare a string object with a null-terminated string. You can obtain a reference to a specific element in a string by using the array indexing operator [ ]. It is implemented as a member function, as shown here: char &operator[ ](size_type indx) It returns a reference to the character at the zero-based index specified by indx. For example, given a string object called mystr, the expression mystr[2] returns a reference to the third character in mystr. A const version is also available. The number of characters contained in the string can be obtained by calling size( ), shown here: size_type size( ) const It returns the number of characters currently in the string. As explained in the overview at the start of this chapter, size_type is a typedef that represents some form of unsigned integer. The number of characters that a string object can hold is not predetermined. Instead, a string object will grow as needed to accommodate the size of the string that it needs to encapsulate. However, all string objects begin with an initial capacity, which is the maximum number of characters that can be held before more memory needs to be allocated. The capacity of a string object can be determined by calling capacity( ), shown here: size_type capacity( ) const It returns the current capacity of the invoking string. The capacity of a string object can be important because memory allocations are costly in terms of time. If you know in advance the number of characters that a string will hold, then you can set the capacity to that amount, thereby eliminating a memory reallocation. To do this, call reserve( ), shown next: void reserve(size_type num = 0) It sets the capacity of the invoking string so that it is equal to at least num. If num is less than or equal to the number of characters in the string, then the call to reserve( ) is a request to reduce the capacity to equal the size. This request can be ignored, however. You can remove one or more characters from a string by calling erase( ). There are three versions of erase( ). The one used by this recipe is shown here: string &erase(size_type indx = 0, size_type len = npos) Beginning at indx, it removes len characters from the invoking object. It returns a reference to the invoking object. One of the more interesting string member functions is push_back( ). It adds a character to the end of the string: void push_back (const char ch)
 
 Chapter 2:
 
 String Handling
 
 It adds ch to the end of the invoking string. It is quite useful when you want to create a queue of characters. You can obtain a portion of a string (i.e., a substring) by calling substr( ), shown here: string substr(size_type indx = 0, size_type len = npos) const It returns a substring of len characters, beginning at indx within the invoking string.
 
 Example The following example illustrates several of the fundamental string operations: // Demonstrate the basic string operations. #include #include <string> using namespace std; int main() { // Create some string objects. Three are initialized // using the string literal passed as an argument. string str1("Alpha"); string str2("Beta"); string str3("Gamma"); string str4; // Output a string via cout. cout 
 
 string
 
 size_type find(const char *str, size_type indx = 0) const size_type find(const string &str, size_type indx = 0) const size_type find_first_of(const char *str, size_type indx = 0) const size_type find_first_of(const string &str, size_type indx = 0) const size_type find_first_not_of(const char *str, size_type indx = 0) const size_type find_last_of(const char *str, size_type indx = npos) const size_type find_last_not_of(const char *str, size_type indx = npos) const size_type rfind(const char *str, size_type indx = npos) const
 
 59
 
 60
 
 Herb Schildt's C++ Programming Cookbook
 
 The string class defines a powerful assortment of functions that search a string. These functions let you find: • The first occurrence of a substring or character. • The last occurrence of a substring or character. • The first occurrence of any character in a set of characters. • The last occurrence of any character in a set of characters. • The first occurrence of any character that is not part of a set of characters. • The last occurrence of any character that is not part of a set of characters. This recipe demonstrates their use.
 
 Step-by-Step Searching a string involves these steps: 1. To find the first occurrence of a sequence or character, call find( ). 2. To find the last occurrence of a sequence or character, call rfind( ). 3. To find the first occurrence of any character in a set of characters, call find_first_of( ). 4. To find the last occurrence of any character in a set of characters, call find_last_of( ). 5. To find the first occurrence of any character that is not part of a set of characters, call find_first_not_of( ). 6. To find the last occurrence of any character that is not part of a set of characters, call find_last_not_of( ).
 
 Discussion All of the search functions have four forms, which allow you to specify the objective of the search as a string, a null-terminated string, a portion of a null-terminated string, or a character. The forms used by the examples in this recipe are described here. The find( ) function finds the first occurrence of a substring or character within another string. Here are the forms used in this recipe or by the Bonus Example: size_type ﬁnd(const string &str, size_type indx = 0) const size_type ﬁnd(const char *str, size_type indx = 0) const Both return the index of the first occurrence of str within the invoking string. The indx parameter specifies the index at which the search will begin within the invoking string. In the first form, str is a reference to a string. In the second form, str is a pointer to a nullterminated string. If no match is found, npos is returned. The rfind( ) function finds the last occurrence of a substring or character within another string. The form used here is: size_type rﬁnd(const char *str, size_type indx = npos) const It returns the index of the last occurrence of str within the invoking string. The indx parameter specifies the index at which the search will begin within the invoking string. If no match is found, npos is returned.
 
 Chapter 2:
 
 String Handling
 
 To find the first occurrence of any character within a set of characters, call find_first_of( ). Here are the forms used in this recipe or by the Bonus Example: size_type ﬁnd_ﬁrst_of(const string &str, size_type indx = 0) const size_type ﬁnd_ﬁrst_of(const char *str, size_type indx = 0) const Both return the index of the first character within the invoking string that matches any character in str. The search begins at index indx. npos is returned if no match is found. The difference between the two is simply the type of str, which can be either a string or a nullterminated string. To find the first occurrence of any character that is not part of a set of characters, call find_first_not_of( ). Here are the forms used in this recipe or by the Bonus Example: size_type ﬁnd_ﬁrst_not_of(const string &str, size_type indx = 0) const size_type ﬁnd_ﬁrst_not_of(const char *str, size_type indx = 0) const Both return the index of the first character within the invoking string that does not match any character in str. The search begins at index indx. npos is returned if no match is found. The difference between the two is simply the type of str, which can be either a string or a null-terminated string. To find the last occurrence of any character within a set of characters, call find_last_of( ). The form used here is: size_type ﬁnd_last_of(const char *str, size_type indx = npos) const It returns the index of the last character within the invoking string that matches any character in str. The search begins at index indx. npos is returned if no match is found. To find the last occurrence of any character that is not part of a set of characters, call find_last_not_of( ). The form used by this recipe is: size_type ﬁnd_last_not_of(const char *str, size_type indx = npos) const It returns the index of the last character within the invoking string that does not match any character in str. The search begins at index indx. npos is returned if no match is found.
 
 NOTE As just described, the value npos is returned by the find… functions when no match is
 
 found. The npos variable is of type string::size_type, which is some form of unsigned integer. However, npos is initialized to –1. This causes npos to contain its largest possible unsigned value. Microsoft currently recommends that if you will be comparing the value of some variable to npos, then that variable should be declared to be of type string::size_type, rather than int or unsigned, to ensure that the comparison is handled correctly in all cases. This is the approach used in these recipes. However, it is not uncommon to see code in which npos is declared as an int or unsigned.
 
 Example The following example shows the search functions in action: // Search a string. #include #include <string> using namespace std;
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 void showresult(string s, string::size_type i); int main() { string::size_type indx; // Create a string. string str("one two three, one two three"); string str2; cout 
 
 string
 
 size_type find(const string &str, size_type indx = 0) const string &replace(size_type indx, size_type len, const string &str)
 
 The string class provides very rich support for the replacement of one substring with another. This operation is provided by the replace( ) function, of which there are ten forms. These ten forms give you great flexibility in specifying how the replacement process will take place. For example, you can specify the replacement string as a string object or as a null-terminated string. You can specify what part of the invoking string is replaced by specifying indexes or through the use of iterators. This recipe makes use of replace( ) along with the find( ) function demonstrated by the preceding recipe to implement a search-and-replace function for string objects. As you will see, because of the support that string provides through find( ) and replace( ), the implementation of search-and-replace is straightforward. It is also a much cleaner implementation than is the same function implemented for null-terminated strings. (See Create a Search-and-Replace Function for Null-Terminated Strings.)
 
 Chapter 2:
 
 String Handling
 
 Step-by-Step To create a search-and-replace function for string objects involves these steps: 1. Create a function called search_and_replace( ) that has this prototype: bool search_and_replace(string &str, const string &oldsubstr, const string &newsubstr);
 
 The string to be changed is passed via str. The substring to replace is passed in oldsubstr. The replacement is passed in newsubstr. 2. Use the find( ) function to find the first occurrence of oldsubstr. 3. Use the replace( ) function to substitute newsubstr. 4. Return true if a replacement was made and false otherwise.
 
 Discussion The find( ) method is described by the preceding recipe and that discussion is not repeated here. Once the substring has been found, it can be replaced by calling replace( ). There are ten forms of replace( ). The one used by this recipe is shown here: string &replace(size_type indx, size_type len, const string &str) Beginning at indx within the invoking string, this version replaces up to len characters with the string in str. The reason that it replaces "up to" len characters is that it is not possible to replace past the end of the string. Thus, if len + indx exceeds the total length of the string, then only those characters from indx to the end will be replaced. The function returns a reference to the invoking string.
 
 Example Here is one way to implement the search_and_replace( ) function: // In the string referred to by str, replace oldsubstr with newsubstr. // Thus, this function modifies the string referred to by str. // It returns true if a replacement occurs and false otherwise. bool search_and_replace(string &str, const string &oldsubstr, const string &newsubstr) { string::size_type startidx; startidx = str.find(oldsubstr); if(startidx != string::npos) { str.replace(startidx, oldsubstr.size(), newsubstr); return true; } return false; }
 
 If you compare this version of search_and_replace( ) with the one created for null-terminated strings, you will see that this version is substantially smaller and simpler. There are two reasons for this. First, because objects of type string are dynamic, they can grow or shrink as needed.
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 Therefore, it is easy to replace one substring with another. There is no need to worry about overrunning an array boundary when the length of the string is increased, for example. Second, string supplies a replace( ) function that automatically handles the removal of the old substring and the insertion of the new substring. This does not need to be handled manually, as is the case when inserting into a null-terminated string. The following example shows the search_and_replace( ) function in action. // Implement search-and-replace for string objects. #include #include <string> using namespace std; bool search_and_replace(string &str, const string &oldsubstr, const string &newsubstr); int main() { string str = "This is a test. So is this."; cout #include #include #include using namespace std; int main() { string strA("This is a test."); // Create an iterator to a string. string::iterator itr; // Use an iterator to cycle through the characters // of a string. cout #include #include using namespace std; bool comp_ign_case(char x, char y); string::iterator search_ign_case(string &str, const string &substr); bool search_and_replace_ign_case(string &str, const string &oldsubstr, const string &newsubstr); int main() { string strA("This is a test of case-insensitive searching."); string strB("test");
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 string strC("TEST"); string strD("testing"); cout 
 
 list
 
 A linear list.
 
 <list>
 
 map
 
 Stores key/value pairs in which each key is associated with only one value.
 
 <map>
 
 multimap
 
 Stores key/value pairs in which one key may be associated with two or more values.
 
 <map>
 
 multiset
 
 A set in which each element is not necessarily unique.
 
 <set>
 
 priority_queue
 
 A priority queue.
 
 
 
 queue
 
 A queue.
 
 
 
 set
 
 A set in which each element is unique.
 
 <set>
 
 stack
 
 A stack.
 
 <stack>
 
 vector
 
 A dynamic array.
 
 
 
 TABLE 3-1
 
 Containers Defined by the STL
 
 Each container class includes several typedefs that create a set of standard type names. Several of these typedef names are shown here: size_type
 
 Some type of unsigned integer.
 
 reference
 
 A reference to an element.
 
 const_reference
 
 A const reference to an element.
 
 iterator
 
 An iterator.
 
 const_iterator
 
 A const iterator.
 
 reverse_iterator
 
 A reverse iterator.
 
 const_reverse_iterator
 
 A const reverse iterator.
 
 value_type
 
 The type of value stored in a container. Same as T for sequence containers.
 
 allocator_type
 
 The type of the allocator.
 
 key_type
 
 The type of a key.
 
 As mentioned, there are two broad categories of containers: sequence and associative. The sequence containers are vector, list, and deque. The associative containers are map, multimap, set, and multiset. The sequence containers operate on sequences, which are essentially linear lists of objects. The associative containers operate on lists of keys. Associative containers that implement maps operate on key/value pairs and allow the retrieval of a value given its key. The stack, queue, and priority_queue classes are called container adaptors because they use (i.e., adapt) one of the sequence containers to hold their elements. Thus, one of the
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 sequence containers underlies the functionality provided by stack, queue, and priority_queue. From the programmer's perspective, the container adaptors look and act like the other containers.
 
 Common Functionality The STL specifies a set of requirements that all containers must satisfy. By specifying a common functionality, the STL ensures that all containers can be acted on by algorithms and that all containers can be used in a well-understood, consistent manner that is independent of the details of each container implementation. This is another major strength of the STL. All containers must support the assignment operator. They must also support all of the logical operators. In other words, all containers must support these operators: =, ==, = All containers must supply a constructor that creates an empty container and a copy constructor. They must supply a destructor that releases all memory used by the container and calls the destructor for every element in the container. All containers must also support iterators. Among other advantages, this ensures that all containers can be operated on by algorithms. All containers must provide the following functions: iterator begin( ) const_iterator begin( ) const bool empty( ) const iterator end( ) const_iterator end( ) const size_type max_size( ) const size_type size( ) const void swap(ContainerType c)
 
 Returns an iterator to the first element in the container. Returns a const iterator to the first element in the container. Returns true if the container is empty. Returns an iterator to one past the last element in the container. Returns a const iterator to one past the last element in the container. Returns the maximum number of elements that the container can hold. Returns the number of elements currently stored in the container. Exchanges the contents of two containers.
 
 A container that supports bidirectional access to its elements is called a reversible container. In addition to the basic container requirements, a reversible container must also provide reverse iterators and the following functions: reverse_iterator rbegin( )
 
 Returns a reverse iterator to the last element in the container.
 
 const_reverse_iterator rbegin( ) const
 
 Returns a const reverse iterator to the last element in the container.
 
 reverse_iterator rend( )
 
 Returns a reverse iterator to one before the first element in the container.
 
 const_reverse_iterator rend( ) const
 
 Returns a const reverse iterator to one before the first element in the container.
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 Sequence Container Requirements
 
 In addition to the functionality common to all containers, a sequence container adds the following functions: void clear( )
 
 Removes all elements in the container.
 
 iterator erase(iterator i)
 
 Removes the element pointed to by i. Returns an iterator to the element after the one removed.
 
 iterator erase(iterator start, iterator end)
 
 Removes elements in the range specified by start and end. Returns an iterator to the element that follows the last element removed.
 
 iterator insert(iterator i, const T &val)
 
 Inserts val immediately before the element specified by i. Returns an iterator to the element.
 
 void insert(iterator i, size_type num, const T &val)
 
 Inserts num copies of val immediately before the element specified by i.
 
 template void insert(iterator i, InIter start, InIter end)
 
 Inserts the sequence defined by start and end immediately before the element specified by i.
 
 The STL also defines a set of functions for sequence containers that are optional, but often implemented. These are shown here: reference at(size_type idx)
 
 Returns a reference to the element specified by idx.
 
 const_reference at(size_type idx) const
 
 Returns a const reference to the element specified by idx.
 
 reference back( )
 
 Returns a reference to the last element in the container.
 
 const_reference back( ) const
 
 Returns a const reference to the last element in the container.
 
 reference front( )
 
 Returns a reference to the first element in the container.
 
 const_reference front( ) const
 
 Returns a const reference to the first element in the container.
 
 reference operator[ ](size_type idx)
 
 Returns a reference to the element specified by idx.
 
 const_reference operator[ ](size_type idx) const
 
 Returns a const reference to the element specified by idx.
 
 void pop_back( )
 
 Removes the last element in the container.
 
 void pop_front( )
 
 Removes the first element in the container.
 
 void push_back(const T &val)
 
 Adds an element with the value specified by val to the end of the container.
 
 void push_front(const T &val)
 
 Adds an element with the value specified by val to the beginning of the container.
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 Sequence containers must also supply constructors that enable a container to be initialized by elements specified by a pair of iterators or with a specified number of a specified element. Of course, a sequence container is free to supply additional functionality.
 
 Associative Container Requirements
 
 In addition to the functionality required of all containers, associative containers have several other requirements. First, all associative containers must support the following functions: void clear( )
 
 Removes all elements from the container.
 
 size_type count(const key_type &k) const
 
 Returns the number of times k occurs in the container.
 
 void erase(iterator i)
 
 Removes the element pointed to by i.
 
 void erase(iterator start, iterator end)
 
 Removes the elements in the range start to end.
 
 size_type erase(const key_type &k)
 
 Removes elements that have keys with the value k. Returns the number of elements that have been removed.
 
 pair equal_range(const key_type &k)
 
 Returns a pair of iterators that point to the upper bound and the lower bound in the container for the specified key.
 
 pair equal_range(const key_type &k) const
 
 Returns a pair of const iterators that point to the upper bound and the lower bound in the container for the specified key.
 
 iterator find(const key_type &k)
 
 Returns an iterator to the specified key. If the key is not found, then an iterator to the end of the container is returned.
 
 const_iterator find(const key_type &k) const
 
 Returns a const iterator to the specified key. If the key is not found, then an iterator to the end of the container is returned.
 
 pair insert(const value_type &val)
 
 Inserts val into the container. If the container requires unique keys, then val is inserted only if it does not already exist. If the element is inserted, pair is returned. Otherwise, pair is returned.
 
 iterator insert(iterator start, const value_type &val)
 
 Inserts val. The search for the proper insertion point begins at the element specified by start. For containers that require unique keys, elements are inserted only if they do not already exist. An iterator to the element is returned.
 
 template void insert(InIter start, InIter end)
 
 Inserts a range of elements. For containers that require unique keys, elements are inserted only if they do not already exist.
 
 key_compare key_comp( ) const
 
 Returns the function object that compares two keys.
 
 iterator lower_bound(const key_type &k)
 
 Returns an iterator to the first element with a key equal to or greater than k.
 
 const_iterator lower_bound(const key_type &k) const
 
 Returns a const iterator to the first element with a key equal to or greater than k.
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 iterator upper_bound(const key_type &k)
 
 Returns an iterator to the first element with a key greater than k.
 
 const_iterator upper_bound(const key_type &k) const
 
 Returns a const iterator to the first element with a key greater than k.
 
 value_compare value_comp( ) const
 
 Returns the function object that compares two values.
 
 Notice that some of the functions return a pair object. This is a class that encapsulates two objects. For associative containers that are maps, value_type represents a pair that encapsulates a key and value. The pair class is explained in detail in Basic Associative Container Techniques. Associative containers must supply constructors that enable a container to be initialized by elements specified by a pair of iterators. They must also support constructors that let you specify the comparison function used to compare two keys. Of course, an associative container is free to supply additional functionality.
 
 Performance Issues There is one other important aspect to the STL that adds to its power and general applicability: performance guarantees. Although a compiler manufacturer is free to implement the underlying mechanism used by each container and algorithm in its own way, all implementations must conform to the performance guarantees specified by the STL. The following general performance categories are defined: constant linear logarithmic Since different containers store their contents differently, they will have different performance guarantees. For example, insertion into the middle of a vector takes linear time. By contrast, insertion into a list takes constant time. Different algorithms might also behave differently. For example, the sort( ) algorithm executes proportional to N log N, but the find( ) algorithm runs in linear time. In some cases, an operation will be said to take amortized constant time. This is the term used to describe a situation in which an operation usually takes constant time, but occasionally requires longer. (For example, insertions onto the end of a vector normally occur in constant time, but if more memory must be allocated, then the insertion requires linear time.) If the longer operation is rare enough, then it can be thought of as being amortized over a number of shorter operations. In general, the STL specification requires that the containers and algorithms be implemented using techniques that ensure (loosely speaking) optimal runtime performance. This is important because it guarantees to you, the programmer, that the STL building blocks meet a certain level of efficiency no matter what implementation of the STL you are using. Without such a guarantee, the performance of STL-based code would depend entirely upon each individual implementation and could vary widely.
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 Basic Sequence Container Techniques Key Ingredients Headers
 
 Classes
 
 Functions
 
 
 
 vector
 
 iterator begin( ) void clear( ) bool empty( ) const iterator end( ) iterator erase(iterator i) iterator insert(iterator i, const T &val) reverse_iterator rbegin( ) reverse_iterator rend( ) size_type size( ) const void swap(vector &ob)
 
 
 
 template bool operator==(const vector &leftop, const vector &rightop) template bool operator(const vector &leftop, const vector &rightop)
 
 All sequence containers share a common functionality. For example, all allow you to add elements to the container, remove elements from the container, or cycle through the container via an iterator. All support the assignment operator and the logical operators, and all sequence containers are constructed in the same way. This recipe describes this common functionality, showing the basic techniques that apply to all sequence containers. This recipe shows how to: • Create a sequence container. • Add elements to the container. • Determine the size of the container. • Use an iterator to cycle through the container.
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 • Assign one container to another. • Determine when one container is equivalent to another. • Remove elements from the container. • Exchange the elements in one container with another. • Determine if a container is empty. This recipe uses the vector container class, but only those methods common to all sequence containers are employed. Therefore, the same general principles can be applied to any sequence container type.
 
 Step-by-Step To create and use a sequence container involves these steps: 1. Create an instance of the desired container. In this recipe, vector is used, but any other sequence container could be substituted. 2. Add elements to the container by calling insert( ). 3. Obtain the number of elements in the container by calling size( ). 4. Determine if the container is empty (i.e., contains no elements) by calling empty( ). 5. Remove elements from the container by calling erase( ). 6. Remove all elements from a container by calling clear( ). 7. Obtain an iterator to the start of the sequence by calling begin( ). Obtain an iterator to one past the end of the sequence by calling end( ). 8. For reversible sequence containers, obtain a reverse iterator to the end of the sequence by calling rbegin( ). Obtain a reverse iterator to one before the start of the sequence by calling rend( ). 9. Cycle through the elements in the container via an iterator. 10. Exchange the contents of one container with another via swap( ). 11. Determine when one container is equal to, less than, or greater than another.
 
 Discussion Although the internal operation of the STL is quite sophisticated, using the STL is actually quite easy. In many ways, the hardest part of using the STL is deciding what type of container to use. Each offers certain benefits and trade-offs. For example, vector is very good when a random-access, array-like object is required and not too many insertions or deletions are required. A list offers low-cost insertion and deletion, but trades away speedy look-ups. A double-ended queue is supported by deque. This recipe uses vector to demonstrate the basic sequence container operations, but the program will work with either list or deque. This is one of the major advantages of the STL; all sequence containers support a base level of common functionality. The template specification for vector is shown here: template class vector
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 Here, T is the type of data being stored and Allocator specifies the allocator, which defaults to the standard allocator. To use vector, you must include the header . The vector class supports several constructors. The two used in this recipe are those required by all sequence containers. They are shown here: explicit vector(const Allocator &alloc = Allocator( ) ) vector(const vector &ob) The first form constructs an empty vector. The second form is vector's copy constructor. After a container has been created, objects can be added to it. One way to do this that works for all sequence containers is to call insert( ). All sequence containers support at least three versions of insert( ). The one used here is: iterator insert(iterator i, const T &val) It inserts val into the invoking container at the point specified by i. It returns an iterator to the inserted element. A sequence container will automatically grow as needed when elements are added to it. You can remove one or more elements from a sequence container by calling erase( ). It has at least two forms. The one used by this recipe is shown here: iterator erase(iterator i) It removes the element pointed to by i. It returns an iterator to the element after the one removed. To remove all elements in a container, call clear( ). It is shown here: void clear( ) You can determine the number of elements in a container by calling size( ). To determine if a container is empty, call empty( ). Both functions are shown here: bool empty( ) const size_type size( ) const You can obtain an iterator to the start of the sequence by calling begin( ). An iterator to one past the last element in the sequence is obtained by calling end( ). These functions are shown here: iterator begin( ) iterator end( ) There are also const versions of these functions. To declare a variable that will be used as an iterator, you must specify the iterator type of the container. For example, this declares an iterator that can point to elements within a vector<double>: vector<double>::iterator itr;
 
 It is useful to emphasize that end( ) does not return an iterator that points to the last element in a container. Instead, it returns an iterator that points to one past the last element.
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 Thus, the last element in a container is pointed to by end( ) – 1. This feature lets you write very efficient algorithms that cycle through all of the elements of a container, including the last one, using an iterator. When the iterator has the same value as the one returned by end( ), you know that all elements have been accessed. For example, here is a loop that cycles through all elements in a sequence container called cont: for(itr = cont.begin(); itr != cont.end(); ++itr) // ...
 
 The loop runs until itr equals cont.end( ). Thus, all elements in cont will have been processed. As explained, a reversible container is one in which the elements can be traversed in reverse order (back to front). All of the built-in sequence containers are reversible. For a reversible container, you can obtain a reverse iterator to the end of the sequence by calling rbegin( ). An iterator to one before the first element in the sequence is obtained by calling rend( ). These functions are shown here: reverse_iterator rbegin( ) reverse_iterator rend( ) There are also const versions of these functions. A reverse iterator is declared just like a regular iterator. For example, vector<double>::reverse_iterator ritr;
 
 You can use a reverse iterator to cycle through a vector in reverse order. For example, given a reverse iterator called ritr, here is a loop that cycles through all elements in a reversible sequence container called cont from back to front: for(ritr = cont.rbegin(); ritr != cont.rend(); ++ritr) // ...
 
 The reverse iterator ritr starts at the element pointed to by rbegin( ), which is the last element in the sequence. It runs until it equals rend( ), which points to an element that is one before the start of the sequence. (It is sometimes helpful to think of rbegin( ) and rend( ) returning iterators to the start and end of a reversed sequence.) Each time a reverse iterator is incremented, it points to the previous element. Each time it is decremented, it points to the next element. The contents of two sequence containers can be exchanged by calling swap( ). Here is the way that it is defined for vector: void swap(vector &ob) The contents of the invoking container are exchanged with those specified by ob.
 
 Example The following example demonstrates the basic sequence container operations: // Demonstrate the basic sequence container operations. // // This example uses vector, but the same techniques can be // applied to any sequence container.
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 #include #include using namespace std; void show(const char *msg, vector vect); int main() { // Declare an empty vector that can hold char objects. vector v; // Declare an iterator to a vector. vector::iterator itr; // Obtain an iterator to the start of v. itr = v.begin(); // Insert characters into v. An iterator to the inserted // object is returned. itr = v.insert(itr, 'A'); itr = v.insert(itr, 'B'); v.insert(itr, 'C'); // Display the contents of v. show("The contents of v: ", v); // Declare a reverse iterator. vector::reverse_iterator ritr; // Use a reverse iterator to show the contents of v in reverse. cout 
 
 deque
 
 template void assign(InIter start, InIter end) reference at(size_type i) reference back( ) reference front( ) reference operator[ ](size_type i) void pop_back( ) void pop_front( ) void push_back(const T &val) void push_front(const T &val) void resize(size_type num, T val = T( ))
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 Perhaps the second most commonly used container is deque. There are two reasons for this. First, deque supports all of the optional functions defined for sequence containers. This makes it the STL's most full-featured sequence container. Second, deque is the default container that underlies the queue and stack container adaptors. (The default container used by priority_queue is vector). This recipe shows how to put deque into action.
 
 NOTE The focus of this recipe is on the attributes and features of deque that make it unique. See
 
 Basic Sequence Container Techniques for information that applies to all sequence containers.
 
 Step-by-Step To use a deque involves these steps: 1. Create a deque instance of the desired type and initial size. 2. Assign or obtain values to elements via the subscripting operator. 3. Use the at( ) function as an alternative to the subscripting operator. 4. Add elements to the deque using either insert( ), push_back( ), or push_front( ). 5. Remove elements from the end by calling pop_back( ). Remove elements from the front by calling pop_front( ). 6. Obtain a reference to the first element in the deque by calling front( ). 7. Obtain a reference to the last element in the deque by calling back( ). 8. Assign a range of elements to a deque by calling assign( ). 9. To change the size of a deque, call resize( ).
 
 Discussion The template specification for deque is: template class deque Here, T is the type of data stored in the deque and Allocator specifies the allocator, which defaults to the standard allocator. To use deque, you must include the <deque> header. Here are deque's constructors: explicit deque(const Allocator &alloc = Allocator( ) ) explicit deque(size_type num, const T &val = T ( ), const Allocator &alloc = Allocator( )) deque(const deque &ob) template deque(InIter start, InIter end, const Allocator &alloc = Allocator( )) The first form constructs an empty deque. The second form constructs a deque that has num elements with the value val. The third form constructs a deque that contains the same elements as ob. This is deque's copy constructor. The fourth form constructs a deque that contains the elements in the range start to end–1. The allocator used by the deque is specified by alloc and is typically allowed to default.
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 The deque container supports random-access iterators, and the [ ] is overloaded. This means that a deque object can be indexed like an array. It also means that a deque can be traversed in both the forward and reverse directions by use of an iterator. The deque container provides all required sequence container functions, including those for a reversible container, and all optional sequence container functions. This makes deque the most general-purpose container. Although deque and vector have different performance characteristics, they offer nearly identical functionality. For example, the standard sequence functions implemented by deque, such as insert( ), erase( ), begin( ), end( ), rbegin( ), rend( ), operator[ ]( ), front( ), back( ), push_back( ), and so on, work in deque just like they work in vector. The resize( ) function provided by deque also works like the one provided by vector. Because a detailed discussion of these standard methods is presented in Use vector, those discussions are not duplicated here. (Note, however, that deque does not support the capacity( ) and reserve( ) methods defined for vector. They are not needed by deque.) The deque class does support two functions not provided by vector: push_front( ) and pop_front( ). They are shown here: void push_front(const T &val) void pop_front( ) The push_front( ) function adds an element with the value specified by val to the start of the container. The container is automatically increased in size to accommodate the addition. The pop_front( ) function removes an element from the start of the container. The deque class has the following performance characteristics. Pushing or popping elements from either end of a deque takes place in constant time. When occurring in the middle, insertions or erasures of elements take place in linear time. Access of an element via the subscripting operator takes place in constant time. Since adding or deleting elements from the ends of a deque are quite efficient, deques make an excellent choice when these types of operations will occur frequently. The ability to make efficient additions to the start of the deque is one of the principal differences between vector and deque. An insertion into the middle of a deque container invalidates all iterators and references to the contents of that container. Because deque is typically implemented as a double-ended dynamic array, an insertion implies that existing elements will be "spread apart" to accommodate the new elements. Thus, if an iterator is pointing to an element prior to an insertion, there is no guarantee that it will be pointing to the same element after the insertion. The same applies to references. An insertion at the head or the tail of a deque invalidates iterators, but not references. An erasure to the middle invalidates both iterators and references. An erasure limited to either end invalidates only those iterators and references that point to the elements that are being erased.
 
 Example The following example shows deque in action. For comparison purposes, it reworks the example used for vector, substituting deque for vector throughout. Because vector and deque are very similar in the features that each provides, most of the two programs are the same. Of course, the calls to capacity( ) and reserve( ) that are in the vector version have been removed because these functions are not supported by deque. Also, the functions push_front( ) and
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 pop_front( ) have been added. As explained, these functions are provided by deque but not vector. // Demonstrate deque. #include #include <deque> using namespace std; void show(const char *msg, deque q); int main() { // Declare a deque that has an initial capacity of 10. deque dq(10); // Assign its elements some values. Notice how this is // done using the standard array-subscripting syntax. // Notice that the number of elements in the deque is // obtained by calling size(). for(unsigned i=0; i < dq.size(); ++i) dq[i] = i*i; show("Contents of dq: ", dq); // Compute the average of the values. Again, notice // the use of the subscripting operator. int sum = 0; for(unsigned i=0; i < dq.size(); ++i) sum += dq[i]; double avg = sum / dq.size(); cout 
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 using namespace std; void show(const char *msg, list lst); int main() { // Declare two lists. list lstA; list lstB; // Use push_back() to give the lists some elements. lstA.push_back('A'); lstA.push_back('F'); lstA.push_back('B'); lstA.push_back('R'); lstB.push_back('X'); lstB.push_back('A'); lstB.push_back('F'); show("Original contents of lstA: ", lstA); show("Original contents of lstB: ", lstB); cout 
 
 stack
 
 bool empty( ) const void pop( ) void push(const value_type &val) size_type size( ) const value_type ⊤( )
 
 
 
 queue
 
 value_type &back( ) bool empty( ) const value_type &front( ) void pop( ) void push(const value_type &val) size_type size( ) const
 
 
 
 priority_queue
 
 bool empty( ) const void pop( ) void push(const value_type &val) size_type size( ) const const value_type ⊤( ) const
 
 The STL provides three container adaptors, called stack, queue, and priority_queue. They utilize one of the sequence containers as the underlying container, adapting it to their own special purposes. In essence, a container adaptor is simply a tightly controlled interface to another container. Although the container adaptors are built on one of the sequence containers, they are, themselves, also containers and you use them much like you use the other containers. It's just that access to their elements is restricted. This recipe demonstrates their use. Before we begin, an important point needs to be made. The container adaptors do not support all of the functionality of their underlying containers. The manipulations allowed by an adaptor are a highly restricted subset of what the base container supports. While the precise restrictions differ from adaptor to adaptor, there is one difference that is shared by all: Iterators are not supported. If the adaptors supported iterators, then it would be a trivial matter to circumvent the data structure defined by the adaptor (such as a stack) and access its elements out of order.
 
 Step-by-Step To use the sequence container adaptors involves these steps: 1. Create an instance of the container adaptor, selecting the one suited to your application.
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 2. Use the functions defined by the adaptor to insert, access, and remove elements from the container. Each adaptor defines its own set of these functions. For example, to push an element onto a stack, call push( ). To obtain the next element from a queue, call front( ).
 
 Discussion The stack class supports a last-in, first-out (LIFO) stack. Its template specification is shown here: template class stack Here, T is the type of data being stored and Container is the type of container used to hold the stack, which by default is deque. The stack adaptor has the following constructor: explicit stack(const Container &cnt = Container( )) The stack( ) constructor creates an empty stack. To use a stack, include the <stack> header. The underlying container is held in a protected object called c of type Container. In general, stack can adapt any container that supports the following operations: back( ) pop_back( ) push_back( ) Thus, you can also use a list or a vector as a container for a stack. The stack class defines the functions shown here. Notice that elements in a stack can be accessed only in last-in, first-out order. This enforces its stack-like nature. Member
 
 Description
 
 bool empty( ) const
 
 Returns true if the invoking stack is empty and false otherwise.
 
 void pop( )
 
 Removes the top of the stack.
 
 void push(const value_type &val)
 
 Pushes an element onto the stack.
 
 size_type size( ) const
 
 Returns the number of elements currently in the stack.
 
 value_type ⊤( ) cont value_type ⊤( ) const
 
 Returns a reference to the top of the stack.
 
 The queue class supports a normal first-in, first-out (FIFO) queue. Elements are inserted into a queue on one end and removed from the other. Elements cannot be accessed in any other fashion. The queue template specification is shown here: template class queue
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 Here, T is the type of data being stored and Container is the type of container used to hold the queue, which by default is a deque. The underlying container is held in a protected object called c of type Container. The queue adaptor has the following constructor: explicit queue(const Container &cnt = Container( )) The queue( ) constructor creates an empty queue. To use a queue, include the header. In general, queue can adapt any container that supports the following operations: back( ) front( ) pop_front( ) push_back( ) Thus, you can also use list as a container for a queue. However, you cannot use vector because vector does not provide the pop_front( ) function. The queue adaptor defines the functions shown here. As you can see, they restrict queue to providing only first-in, first-out access to its elements. Member
 
 Description
 
 value_type &back( ) const value_type &back( ) const
 
 Returns a reference to the last element in the queue.
 
 bool empty( ) const
 
 Returns true if the invoking queue is empty and false otherwise.
 
 value_type &front( ) const value_type &front( ) const
 
 Returns a reference to the first element in the queue.
 
 void pop( )
 
 Removes the first element in the queue.
 
 void push(const value_type &val)
 
 Adds an element with the value specified by val to the end of the queue.
 
 size_type size( ) const
 
 Returns the number of elements currently in the queue.
 
 The priority_queue class supports a single-ended priority queue. A priority queue arranges its contents in order of their priority. The priority_queue template specification is shown here: template class priority_queue Here, T is the type of data being stored. Container is the type of container used to hold the priority queue, which by default is a vector. The underlying container is held in a protected object called c of type Container. Comp specifies the comparison function object that determines when one member is lower in priority than another. This object is held in a protected member called comp of type Compare.
 
 Chapter 3:
 
 Wo r k i n g w i t h S T L C o n t a i n e r s
 
 The priority_queue adaptor has the following constructors: explicit priority_queue(const Comp &cmpfn = Comp( ), Container &cnt = Container( )) template priority_queue(InIter start, InIter end, const Comp &cmpfn = Comp( ), Container &cnt = Container( )) The first priority_queue( ) constructor creates an empty priority queue. The second creates a priority queue that contains the elements specified by the range start to end–1. To use priority_queue, include the header. In general, priority_queue can adapt any container that supports the following operations: front( ) pop_back( ) push_back( ) The container must also support random-access iterators. Thus, you can also use a deque as a container for a priority queue. However, you cannot use list because list does not support random-access iterators. The first priority_queue class defines the functions shown here. The elements in a priority_queue can be accessed only in the order of their priority. Member
 
 Description
 
 bool empty( ) const
 
 Returns true if the invoking priority queue is empty and false otherwise.
 
 void pop( )
 
 Removes the first element in the priority queue.
 
 void push(const value_type &val)
 
 Adds an element to the priority queue.
 
 size_type size( ) const
 
 Returns the number of elements currently in the priority queue.
 
 const value_type ⊤( ) const
 
 Returns a reference to the element with the highest priority. The element is not removed.
 
 Example The following example shows all three container adaptors in action: // Demonstrate the sequence container adaptors. #include #include #include #include
 
 <string> <stack>
 
 using namespace std;
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 int main() { // Demonstrate queue. queue<string> q; cout . You can construct a pair by using either one of pair's constructors or by using the make_pair( ) function, which is also declared in . It constructs a pair object based upon the types of the data used as parameters. The make_pair( ) function is generic and has this prototype: template pair make_pair(const Ktype &k, const Vtype &v) As you can see, it returns a pair object consisting of values of the types specified by Ktype and Vtype. The advantage of make_pair( ) is that the types of the objects being stored are determined automatically by the compiler rather than being explicitly specified by you. For map, the type value_type is a typedef for pair. Therefore, a map holds instances of pair. Furthermore, the iterator type defined for map points to objects of type pair. Thus, when a map function returns an iterator, the key is available through the first field of pair and the value is obtained through pair's second field. After a map has been created, pair objects can be added to it. One way to do this that works for all associative containers is to call insert( ). All associative containers support at least three versions of insert( ). The one used here is: pair insert(const value_type &val) It inserts val into the invoking container at a point that maintains the ordering of the associative container. (Recall that value_type is a type_def for pair.) The function returns a pair object that indicates the outcome of the operation. If val can be inserted, the bool value (which is in the second field) will be true, and false otherwise. The iterator value (which is in the first field) will point to the inserted element if successful or to an already existing element that uses the same key. The insertion operation will fail if an attempt is made to insert an element into a container that requires unique keys (such as map or set) and the container already contains the key. An associative container will automatically grow as needed when elements are added to it. You can remove one or more elements from an associative container by calling erase( ). It has at least three forms. The one used by this recipe is shown here: size_type erase(const key_type &k) It removes from the container all elements that have keys with the value k. For associative containers that require unique keys, a call to erase( ) removes only one element. It returns the number of elements removed, which will be either zero or one for a map. You can remove all elements from an associative container by calling clear( ), shown here: void clear( ) You can obtain an iterator to an element in an associative container that has a specified key by calling find( ), shown here: iterator ﬁnd(const key_type &k)
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 Here, k specifies the key. If the container contains an element that has a key equal to k, find( ) returns an iterator to the first matching element. If the key is not found, then end( ) is returned. You can determine the number of elements in a container by calling size( ). To determine if a container is empty, call empty( ). Both functions are shown here: bool empty( ) const size_type size( ) const You can obtain an iterator to the first element in the container by calling begin( ). Because associative containers are ordered, this will always be the first element as specified by the comparison function. An iterator to one past the last element in the sequence is obtained by calling end( ). These functions are shown here: iterator begin( ) iterator end( ) To declare a variable that will be used as an iterator, you must specify the iterator type of the container. For example, this declares an iterator that can point to elements within a map<string, int>: map<string,int>::iterator itr;
 
 You can use iterators to cycle through the contents of an associative container. The process is similar to that used to cycle through the contents of a sequence container. The main difference is that for associative containers that store key/value pairs, the object pointed to by the iterator is a pair. For example, assuming a properly declared iterator called itr, here is a loop that displays all keys and values in a map called mymap: for(itr=mymap.begin(); itr != mymap.end(); ++itr) cout m2) cout ::iterator itr; cout 
 
 map
 
 iterator find(const key_type &k) pair insert(const value_type &val) T &operator[ ] (const key_type &k)
 
 
 
 pair
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 This recipe describes what is probably the most widely used associative container: map. A map stores key/value pairs, and all keys must be unique. Therefore, given a key, you can easily find its value. This makes map especially useful for maintaining property lists, storing attribute and option settings, or anyplace else in which a value must be found through a key. For example, you might use map to create a contact list that uses a person's name for the key and a telephone number for the value. Such a map would let you easily retrieve a phone number given a name. A map is an ordered container, with the order based on the keys. By default, the keys are in ascending order, but it is possible to specify a different ordering.
 
 NOTE The basic mechanism required to use an associative container, including map, was described in Basic Associative Container Techniques. The recipe given here focuses on those aspects of map that go beyond those general techniques.
 
 Step-by-Step To use map involves these steps: 1. Create a map instance of the desired type. 2. Add elements to the map by calling insert( ) or by using the subscripting operator. 3. Obtain or set the value of an element by using the subscripting operator. 4. Find a specific element in the map by calling find( ).
 
 Discussion The map class supports an associative container in which unique keys are mapped with values. In essence, a key is simply a name that you give to a value. Once a value has been stored, you can retrieve it by using its key. Thus, in its most general sense, a map is a list of key/value pairs. The template specification for map is shown here: template > class map Here, Key is the data type of the keys, T is the data type of the values being stored, and Comp is a function that compares two keys. The following constructors are defined for map: explicit map(const Comp &cmpfn = Comp( ), const Allocator &alloc = Allocator( ) ) map(const map &ob) template map(InIter start, InIter end, const Comp &cmpfn = Comp( ), const Allocator &alloc = Allocator( )) The first form constructs an empty map. The second form constructs a map that contains the same elements as ob and is map's copy constructor. The third form constructs a map that contains the elements in the range start to end–1. The function specified by cmpfn, if present,
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 determines the ordering of the map. Most often, you will allow both cmpfn and alloc to default. To use map, you must include <map>. The map class supports bidirectional iterators. Thus, the container can be accessed through an iterator in both the forward and reverse directions, but random-access operations are not supported. However, the [ ] operator is supported, but not in its traditional usage. Key/value pairs are stored in a map as objects of type pair. (See Basic Associative Container Techniques for details on pair.) The iterator type defined by map points to objects of type pair. Thus, when a map function returns an iterator, the key is available through the first member of pair and the value is obtained through pair's second field. The map class supports all of the standard functions specified for associative containers, such as find( ), count( ), erase( ), and so on. These are described in Basic Associative Container Techniques. Elements can be added to a map in two ways. The first is by the insert( ) function. The general operation of insert( ) is described in Basic Associative Container Techniques. Here is a summary. All associative containers support at least three versions of insert( ). The one used by this recipe is: pair insert(const value_type &val) It inserts val into the invoking container at a point that maintains the ordering of the associative container. In map, value_type is a type_def for pair. Thus, this version of insert( ) inserts a key/value pair into the invoking map. It returns a pair object that indicates the outcome of the operation. As explained, map requires that all keys be unique. Therefore, if val contains a unique key, the insertion will be successful. In this case, the bool value of the returned pair object (which is in the second field) will be true. However, if the specified key already exists, then this value will be false. The iterator portion of the returned pair object (which is in the first field) will point to the inserted element if successful or to an already existing element that uses the same key. The second way to add a key/value pair to a map involves the use of operator[ ]( ). You may be surprised by the way in which it works. Its prototype is shown here: T &operator[](const key_type &k) Notice that k (which receives the index value) is not an integer. Rather, it is an object that represents a key. This key is then used to find the value, and the function returns a reference to the value associated with the key. Thus, the subscripting operator is implemented by map so that it uses a key as the index and it returns the value associated with that key. To best understand the effects of operator[ ]( ), it helps to work through an example. Consider a map called phonemap that contains key/value pairs consisting of a person's name and phone number. Also assume that there is an entry in the map that has the key "Tom," which has the value "555-0001." In this case, the following statement displays the phone number linked to "Tom": cout <map> 
 
 using namespace std; void show(const char *msg, map<string, string> mp); int main() { map<string, string> phonemap; // Insert elements by using operator[]. phonemap["Tom"] = "555-1234"; phonemap["Jane"] = "314 555-6576"; phonemap["Ken"] = "660 555-9843"; show("Here is the original map: ", phonemap); cout class multimap
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 Here, Key is the data type of the keys, T is the data type of the values being stored (mapped), and Comp is a function that compares two keys. It has the following constructors. explicit multimap(const Comp &cmpfn = Comp( ), const Allocator &alloc = Allocator( ) ) multimap(const multimap &ob) template multimap(InIter start, InIter end, const Comp &cmpfn = Comp( ), const Allocator &alloc = Allocator( )) The first form constructs an empty multimap. The second form is multimap's copy constructor. The third form constructs a multimap that contains the elements in the range start to end–1. The function specified by cmpfn determines the ordering of the multimap. The allocator used by the multimap is specified by alloc. Typically, both cmpfn and alloc are allowed to default. To utilize multimap, you must include <map>. The multimap class supports bidirectional iterators. Thus, the container can be accessed through an iterator in both the forward and reverse directions. Unlike map, multimap does not support the [ ] operator. (Since there is not a one-to-one mapping of keys to values, it is not possible to index a multimap object by using a key.) In general, multimap is used like map. The primary difference is that duplicate keys are allowed. This difference has its greatest impact on two operations: inserting an element and finding an element. Each is examined, beginning with insertion. You can add elements to a multimap by using the insert( ) function. There are three versions of insert( ). The one used in this recipe is shown here: iterator insert(const value_type &val) It inserts val (which is a pair object) into the invoking multimap. (As with map, value_type is a typedef for pair. ) Because duplicate keys are allowed, val will always be inserted (until memory is exhausted, of course). The function returns an iterator that points to the inserted element. Therefore, insert( ) always succeeds. This differs from the corresponding version of insert( ) used by map, which fails if there is an attempt to insert a duplicate element. Since the defining characteristic of multimap is its ability to store more than one value for any given key, this raises the obvious question: How do I find all values associated with a key? The answer is a bit more complicated than you might expect because the find( ) function alone is insufficient to find multiple matches. Recall that find( ) is a function that all associative containers must implement. It is defined like this for multimap: iterator ﬁnd(const key_type &k) Here, k specifies the key. If the multimap contains an element that has a key equal to k, find( ) returns an iterator to the first matching element. If the key is not found, then end( ) is returned. (A const version of find( ) is also supplied.) Because find( ) always returns an iterator to the first matching key, there is no way to make it move on to the next one. Instead, to obtain the next matching key, you must increment the iterator returned by find( ). The process stops when the last matching key has been found.
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 The end point is obtained through the use of the upper_bound( ) function. Its non-const version is shown here: iterator upper_bound(const key_type &k) The upper_bound( ) function returns an iterator to the first element in the container with a key greater than k. In other words, it returns an iterator to the element that comes after the ones with the key you specify. Therefore, assuming some multimap called mm, to find all matches for a given key, you will use a sequence like this: itr = mm.find(key); if(itr != end()) { do { // ... ++itr; } while(itr != mm.upper_bound(key)); }
 
 First, an attempt is made to find an element that matches the specified key. If a match is found, then the do loop is entered. (Recall that find( ) returns end( ) if the key is not found.) Inside the loop, the iterator is incremented and its value is checked against the upper bound for the key. This process continues until itr points to the upper bound. You can erase all elements that share a given key by using this form of erase( ): size_type erase(const key_type &k) It removes from the multimap elements that have keys with the value k. It returns the number of elements removed. Two other versions of erase( ) are supported, which operate on iterators. The multimap class has the same performance characteristics as map. In general, inserting or deleting elements in a map takes place in logarithmic time. The two exceptions are when an element is inserted at a given location and when a specific element is deleted given an iterator to that element. In these cases, amortized constant time is required. Insertion into a multimap invalidates no iterators or references to elements. A deletion invalidates only those iterators or references to the deleted elements.
 
 Example The following example demonstrates how multimap can be used to store key/value pairs in which duplicates might occur. It reworks the example program used by the preceding recipe so that it uses a multimap rather than a map to store the list of names and telephone numbers. // // // // //
 
 Demonstrating a multimap. This program uses a multimap to store names and phone numbers. It allows one name to be associated with more than one phone number.
 
 #include #include <map>
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 #include <string> using namespace std; void shownumbers(const char *n, multimap<string, string> mp); int main() { multimap<string, string> phonemap; // Insert elements by using operator[]. phonemap.insert(pair<string, string>("Tom", "Home: 555-1111")); phonemap.insert(pair<string, string>("Tom", "Work: 555-1234")); phonemap.insert(pair<string, string>("Tom", "Cell: 555-2224")); phonemap.insert(pair<string, string>("Jane", "Home: 314 555-6576")); phonemap.insert(pair<string, string>("Jane", "Cell: 314 555-8822")); phonemap.insert(pair<string, string>("Ken", "Home: 660 555-9843")); phonemap.insert(pair<string, string>("Ken", "Work: 660 555-1010")); phonemap.insert(pair<string, string>("Ken", "Cell: 217 555-9995")); // Show all phone numbers for Tom, Jane, and Ken shownumbers("Tom", phonemap); cout using namespace std; // This class stores employee information. class employee { string name; string ID; string phone; string department; public: // Default constructor. employee() { ID = name = phone = department = ""; } // Construct temporary object using only the ID, which is the key. employee(string id) { ID = id; name = phone = department = ""; } // Construct a complete employee object. employee(string n, string id, string dept, string p)
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 { name = n; ID = id; phone = p; department = dept; } // Accessor functions for employee data. string get_name() { return name; } string get_id() { return ID; } string get_dept() { return department; } string get_phone() { return phone; } }; // Compare objects using ID. bool operator <string>
 
 using namespace std; int main() { deque<string> log; deque<string> break_in; deque<string>::iterator itr; // Create a sequence of three invalid password responses. break_in.push_back("invalid password"); break_in.push_back("password reprompt "); break_in.push_back("invalid password"); break_in.push_back("password reprompt "); break_in.push_back("invalid password"); // Create some log entries. log.push_back("log-on OK"); log.push_back("invalid password"); log.push_back("password reprompt "); log.push_back("log-on OK"); log.push_back("connection failed"); log.push_back("log-on OK"); log.push_back("log-on OK"); log.push_back("invalid password"); log.push_back("password reprompt "); log.push_back("invalid password"); log.push_back("password reprompt "); log.push_back("invalid password"); log.push_back("port conflict"); log.push_back("log-on OK"); cout #include using namespace std; template void show_range(const char *msg, InIter start, InIter end); int main() { list lst1, lst2, result(15), lst3; list::iterator res_end; for(int i=0; i < 5; i++) lst1.push_back('A'+i); for(int i=3; i < 10; i++) lst2.push_back('A'+i);
 
 219
 
 220
 
 Herb Schildt's C++ Programming Cookbook
 
 show_range("Contents of lst1: ", lst1.begin(), lst1.end()); cout \n"); exit(1); } ofstream fout("test.dat"); if(!fout) { cout 
 
 ostringstream
 
 string str( ) const
 
 Sometimes it is useful to construct in advance a string that contains formatted output. This string can then be output when needed. This technique is especially useful when working in a windowed environment, such as Windows, in which data is displayed by a control. In this case, you often need to format the data before it is displayed. This is most easily accomplished in C++ by using a string stream, such as ostringstream. Because all streams work the same, the techniques described by the preceding recipes that write the formatted data to a stream such as cout also work with string-based streams. Once you have constructed the formatted string, you can display it using any mechanism that you choose. This recipe shows the process.
 
 Step-by-Step One way to format data to a string involves the following steps: 1. Create an ostringstream. 2. Set the format flags, precision, width, and fill character as needed. 3. Output data to the string stream. 4. To obtain the formatted string, call str( ).
 
 Discussion The string streams, including ostringstream, are described in Chapter 5. See Use the String Streams for details on creating and using a string stream. The format flags, precision, width, and fill character are set in a string stream in the same way as they are set in any other C++ stream. For example, you can use the setf( ) function to set the format flags. Use width( ), precision( ), and fill( ) to set the width, precision, and fill character. Alternatively, you can use the I/O manipulators to set these items. To create a formatted string, simply output to the string stream. When you want to use the formatted string, call str( ) on the string stream to obtain the string. This string can then be displayed, stored, or used however you like.
 
 Example The following example shows how to create a formatted string by use of a string stream. Once the formatted string has been constructed, it is output in its entirety. // Use a string stream to store formatted output in a string. #include #include <sstream> #include 
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 #include using namespace std; int main() { locale usloc("English_US"); ostringstream ostr; // Set showbase flag so that currency symbol is displayed. ostr (ostr.getloc()); // Format a value in US dollars. us_mon.put(ostr, false, ostr, ' ', "5498499"); cout , and new and delete. Many programmers find these operators confusing when it comes to overloading, and they are the source of many "How-To" questions. However, for completeness, this recipe presents a brief review of the basic techniques used to overload an operator. This overview is sufficient for the purposes of this chapter, but it is not a substitute for an in-depth examination of the topic.
 
 NOTE For an in-depth look at operator overloading, I recommend my book C++: The Complete Reference.
 
 Step-by-Step To overload an operator as a member function of a class involves these steps: 1. Add an operator function to the class, specifying the operator that you want to overload. 2. For binary operators, the operator function will have one parameter, which will receive the right-hand operand. The left-hand operand will be passed via this. 3. For unary operators, the operator function will have no parameters. Its single operand is passed via this.
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 4. In the body of the function, perform the operation. 5. Return the result of the operation. To overload an operator using a non-member function involves these steps: 1. Create a non-member operator function that specifies the operator that you want to overload. 2. For binary operators, the operator function will have two parameters. The first parameter receives the left-hand operand, and the second parameter receives the right-hand operand. At least one of the operands must be an object of or a reference to the class being acted upon. 3. For unary operators, the operator function will have one parameter, which must be an object of or a reference to the class being acted upon. This parameter is the operand. 4. In the body of the function, perform the operation. 5. Return the result of the operation.
 
 Discussion When you overload an operator, you define the meaning of that operator for a particular class. For example, a class that defines a linked list might use the + operator to add an object to the list. A class that implements a stack might use the + to push an object onto the stack. Another class might use the + operator in an entirely different way. When an operator is overloaded, none of its original meaning is lost. It is simply that a new operation, relative to a specific class, is defined. Overloading the + to handle a linked list, for example, does not cause its meaning relative to integers (i.e., addition) to be changed. To overload an operator, you must define what the operation means relative to the class to which it is applied. As a general rule, you can use either member functions or non-member functions. (The exceptions to this rule are the operator functions for =, ( ), [ ], and –>, which must be implemented by a non-static member function.) Although similar, there are some differences between the two approaches. To create an operator function, use the operator keyword. The general form of an operator function is: ret-type classname::operator#(param-list) { // operations } Here, the operator that you are overloading is substituted for the #, and ret-type is the type of value returned by the specified operation. Although it can be of any type you choose, the return value is often of the same type as the class for which the operator is being overloaded. This correlation facilitates the use of the overloaded operator in compound expressions. The exceptions are the logical and relational operators, which typically return a bool value. The precise nature of param-list depends on what type of operator is being overloaded and whether it is implemented as a member function or a non-member function. For a member unary operator function, param-list will be empty and the operand is passed through
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 the this pointer. For a member binary operator function, param-list will have one parameter, which receives the right-hand operand. The left-hand operand is passed via this. In either case, the object that invokes the operator function is the one passed via the this pointer. For non-member operator functions, all arguments are passed explicitly. Therefore, a non-member unary operator function will have one parameter, whose type must be a class, class reference, an enumeration, or an enumeration reference. This parameter receives the operand. A non-member binary operator function will have two parameters, of which the type of at least one must be a class, class reference, an enumeration, or an enumeration reference. The first parameter receives the left-hand operand, and the second parameter receives the right-hand operand. Notice that a non-member operator function can be overloaded relative to an enumeration type, but this is not common. Typically, operators are overloaded relative to a class type, and that is the focus of this recipe. Because of the differences between member and non-member operator functions, each is described separately.
 
 Member Operator Functions
 
 When defining an operator function that acts on objects of a class that you have created, you will usually use a member function. The reason is simple: Being a member of the class, the function has direct access to all of the class' members. It also has a this pointer. This makes it easy for the operator to act on, and possibly alter, an operand. The best way to understand how to use a member function to overload an operator is to work through some examples. Assume a class called three_d that encapsulates threedimensional coordinates, as shown here: class three_d { int x, y, z; // 3-D coordinates public: three_d() { x = y = z = 0; } three_d(int i, int j, int k) {x = i; y = j; z = k; } // ... };
 
 You can define the + operation for three_d objects by adding an operator+( ) function to the class. To do so, first add its prototype to the three_d class: three_d operator+(three_d rh_op);
 
 Next, implement the function. Here is one way: // Overload + for objects of type three_d. three_d three_d::operator+(three_d rh_op) { three_d temp; temp.x = x + rh_op.x; temp.y = y + rh_op.y; temp.z = z + rh_op.z; return temp; }
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 This function adds the coordinates of two three_d operands together and returns an object that contains the result. Recall that in a member operator function, the left-hand operand invokes the operator function and is passed implicitly via this. The right-hand operand is passed explicitly as an argument to the function. Therefore, assuming that objA and objB are both three_d objects, in the following expression objA + objB
 
 objA is passed through this and objB is passed in rh_op. In the implementation of operator+( ) just shown, notice that neither operand is modified. This is in keeping with the normal semantics of the + operator. For example, in the expression 10 + 12, neither the 10 nor 12 is modified. Although there is no rule that enforces it, in general, it is best to have your overloaded operator work in the expected way. Of course, there are some operators, such as assignment or increment, in which an operand is modified by the operation. In this case, you will need to modify an operand in order for your operator function to reflect the normal meaning of the operator. For example, again assuming the three_d class, here is one way to implement assignment: // Overload assignment for three_d. three_d three_d::operator=(three_d rh_op) { x = rh_op.x; y = rh_op.y; z = rh_op.z; return *this; }
 
 Here, the coordinate values of the right-hand operand (passed in rh_op) are assigned to the left-hand operand (passed via this). Thus, the invoking object is changed to reflect the value it is being assigned. Again, this is in line with the expected meaning of =. Given the two operator functions just described and assuming three_d objects called objA, objB, and objC, the following statement is valid: objC = objA + objB;
 
 First, the addition is performed by operator+( ), with objA passed through this and objB passed to rh_op. The result becomes the right-hand operand passed to operator=( ), with objC being passed through this. On completion, objC will contain the sum of objA and objB, and objA and objB will be unchanged. The preceding version of operator+( ) added one three_d object to another, but you can overload operator+( ) so that it adds some other type of value. For example, this version of operator+( ) adds an integer to each coordinate: // Overload + to add an integer to a three_d object. three_d three_d::operator+(int rh_op) { three_d temp; temp.x = x + rh_op;
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 temp.y = y + rh_op; temp.z = z + rh_op; return temp; }
 
 Once this version of operator+( ) has been defined, you can use an expression like: objA + 10
 
 This causes 10 to be added to each coordinate. Understand that the previous version of operator+( ), which adds two three_d objects, is still available. It's just that the definition of + relative to three_d has been expanded to handle integer addition. For a unary member operator function, the sole operand is passed through this. For example, here is the unary version of operator–( ), which negates the coordinate and returns the result: // Overload – for three_d. three_d three_d::operator-() { three_d temp; temp.x = -x; temp.y = -y; temp.z = -z; return temp; }
 
 It is possible to create both a binary and a unary form of some operators, such as + and –. Simply overload the operator function as needed. For member functions, the binary form will have one parameter; the unary form will have none. The preceding operator functions all return an object of type three_d, which is the class for which they are defined. This is usually the case, except when overloading the logical or relational operators. Those operator functions will usually return a bool result, which indicates the success or failure of the operation. For example, here is one way to implement the = = operator for three_d: // Overload == for a three_d object. bool three_d::operator==(three_d rh_op) { if( (x == rh_op.x) && (y == rh_op.y) && (z == rh_op.z) ) return true; return false; }
 
 It compares two three_d objects for equality by comparing each pair of values. All of the invoking object's values must be equal to those for the operand on the right for this function to return true.
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 Non-Member Operator Functions
 
 As mentioned at the start of this discussion, a non-member binary operator function is passed its operands explicitly, through its parameters. (Recall that non-member functions do not have this pointers because they are not invoked on an object.) A binary non-member operator function has two parameters, with the left-hand operand being passed to the first parameter and the right-hand operand passed to the second parameter. A unary non-member operator function is passed its operand through its one parameter. Otherwise, non-member operator functions work much like member operator functions. Although you will often use member functions when overloading operators, there are times when you will need to use non-member operator functions. One case is when you want to be able to use a built-in type (such as int or char *) on the left side of a binary operator. To understand why, recall that the object that invokes a member operator function is passed in this. In the case of a binary operator, it is always the object on the left that invokes the function. This is fine, provided that the object on the left defines the specified operation. For example, assuming a three_d object called objA and the member function operator+( ) shown earlier, the following is a perfectly valid expression: objA + 10; // will work
 
 Because objA is on the left side of the + operator, it invokes the overloaded member function operator+(int) function, which adds 10 to objA. However, this statement won't work: 10 + Ob; // won't work
 
 The problem is that the object on the left of the + operator is an integer, a built-in type for which no operation involving an integer and an object of type three_d is defined. The solution to this problem is to overload the + a second time, using a non-member operator function to handle the case in which the integer is on the left. Therefore, the member operator function handles object + integer, and the non-member operator function handles integer + object. To give the non-member operator function access to the members of the class, declare it as a friend. Here is how a non-member version of operator+( ) can be implemented to handle integer + object for the three_d class: // Overload operator+() for int + obj. This is a non-member function. three_d operator+(int lh_op, three_d rh_op) { three_d temp; temp.x = lh_op + rh_op.x; temp.y = lh_op + rh_op.y; temp.z = lh_op + rh_op.z; return temp; }
 
 Now, the statement 10 + Ob; // now OK
 
 is legal.
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 Another time when a non-member operator function is useful is when creating a custom inserter or extractor. As explained in Chapter 5, the > is overloaded so that it inputs (extracts) data from a stream. These functions must be non-members because they each take a stream object as the left-hand operand. The right-hand operand is either an object to be output or an object that will receive input. See Create Custom Inserters and Extractors in Chapter 5 for details. One last point: Not all operators can be implemented by non-member functions. For example, the assignment operator must be a member of its class. So must the ( ), [ ], and –> operators.
 
 Example The following example puts into action the preceding discussion, filling in all of the pieces and demonstrating the operators. // // // // // // // // //
 
 Demonstrate operator overloading basics using the three_d class. This example uses member functions to overload the binary +, -, =, and == operators. It also uses a member function to overload the unary -. Notice that the + is overloaded for three_d + three_d and for three_d + int. Non-member functions are used to create custom inserters for three_d objects and to overload + for int + three_d.
 
 #include using namespace std; // A class that encapsulates 3-dimensional coordinates. class three_d { int x, y, z; // 3-D coordinates public: three_d() { x = y = z = 0; } three_d(int i, int j, int k) { x = i; y = j; z = k; } // Add two three_d objects together. three_d operator+(three_d rh_op); // Add an integer to a three_d object. three_d operator+(int rh_op); // Subtract two three_d objects. three_d operator-(three_d rh_op); // Overload assignment. three_d operator=(three_d rh_op); // Overload ==. bool operator==(three_d rh_op); // Overload - for unary operation. three_d operator-();
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 // Let the overloaded inserter be a friend. friend ostream &operator d_ar; // double array of size 5 int i; cout to access a member. For both operators, safe_ptr confirms that the pointer is not null before applying the * or –>. The safe_ptr class works by encapsulating a pointer in a field called ptr. This is a private member, and access to it is allowed only through overloaded operators, including the overloaded assignment operator. A conversion function is also provided, which provides a conversion from safe_ptr to T *. This allows a safe_ptr to be used as an operand for the delete operator, for example. If an attempt is made to use a null pointer, the overloaded * and –> operators will throw an object of type bad_ptr, which is a custom exception class. Code that uses safe_ptr will need to watch for that exception. The following program includes the safe_ptr and the bad_ptr classes. It also defines a class called myclass, which is used to demonstrate –> with a safe_ptr. Although quite simple, safe_ptr gives you an idea of the power of overloading the –> operator and the power of creating your own pointer types. Custom pointer types can be very useful for preventing errors or for implementing custom memory management schemes. Be aware, of course, that a custom pointer type will always be slower than a raw pointer because of the overhead that your code introduces. // Demonstrate a very simple safe pointer class. #include #include <string> using namespace std; // The exception type thrown by the safe pointer. class bad_ptr { public: string msg; bad_ptr(string str) { msg = str; } }; // A class used to demonstrate the safe pointer. class myclass { public: int alpha; int beta; myclass(int p, int q) { alpha = p; beta = q; } }; // A very simple "safe pointer" class that confirms
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 // that a pointer points somewhere before it is used. // // The template parameter T specifies the base type of the pointer. // // Note: This class is for demonstration purposes only. // It is intended only to illustrate the overloaded -> operator. // A safe pointer class suitable for real-world use needs to be // more sophisticated and more resilient. // template class safe_ptr { T *ptr; public: safe_ptr() { ptr = 0; } // Overload -> so that it prevents an attempt to use a null pointer // to access a member. T *operator->() { if(!ptr != 0) throw bad_ptr("Attempt to use -> on null pointer."); else return ptr; } // Overload the unary pointer operator *. This operator prevents // a null pointer from being dereferenced. T &operator*() { if(!ptr) throw bad_ptr("Attempt to dereference null pointer."); else return *ptr; } // Conversion from safe_ptr to T *. operator T *() { return ptr; } T *operator=(T *val) { ptr = val; return ptr; } }; int main() { // First, use safe_ptr on an integer. safe_ptr intptr; // Generate an exception by trying to use a pointer // before it points to some object. try { *intptr = 23; cout mcptr2; // The following assignment will throw an exception because // mcptr2 points nowhere. try { mcptr2->alpha = 88; } catch(bad_ptr bp) { cout beta: 99 Attempt to use -> on null pointer.
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 Options and Alternatives Be careful when overloading –>. Pointers are already a troublesome feature for some programmers. If you overload –> in a confusing, counterintuitive manner, you will simply destructure your code and make it difficult to maintain. In general, you should overload –> only when creating a custom pointer type. Furthermore, your custom type should look, act, and feel like a normal pointer. In other words, its operation should be transparent and its use consistent with a built-in pointer. Of course, your pointer type may perform additional checks or implement a custom memory management scheme, but it should work like a normal pointer when used in a program. In some cases, you may find that C++ already provides the pointer type that you want. For example, an often-overlooked class provided by the standard C++ library is auto_ptr. An auto_ptr automatically frees the memory it points to when the pointer goes out of scope. See Use auto_ptr for details.
 
 Overload new and delete Key Ingredients Headers
 
 Classes
 
 Functions void void void void
 
 operator delete(void *ptr) operator delete[ ](void *ptr) *operator new(size_t size) *operator new[ ](size_t size)
 
 Newcomers to C++ are sometimes surprised to learn that new and delete are considered operators. As such, it is possible to overload them. You might choose to do this if you want to use some special allocation method. For example, you may want allocation routines that automatically begin using a disk file as virtual memory when the heap has been exhausted. Or, you might want to use an allocation scheme based on garbage collection. Whatever your need, it is relatively easy to overload these operators, and this recipe shows the process.
 
 Step-by-Step Overloading new and delete involves the following steps: 1. To overload new for single objects, implement operator new( ). Have it return a pointer to a block of memory that is large enough to hold the object. 2. To overload new for arrays of objects, implement operator new[ ]( ). Have it return a pointer to a block of memory that is large enough to hold the array. 3. To overload delete for a pointer to a single object, implement operator delete( ). Have it release the memory used by the object.
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 4. To overload delete for a pointer to an array of objects, implement operator delete[ ]( ). Have it release the memory used by the array.
 
 Discussion Before we begin, an important point needs to be made. The new and delete operators can be overloaded globally or relative to a specific class. When overloaded globally, the new versions of new and delete replace the default versions when allocating memory for the built-in types and for any class that does not provide its own overload of new and delete. Unfortunately, this can sometimes cause undesirable side effects. For example, third-party code might use new and delete, and this use could be incompatible with the overloaded versions. For this reason, I do not recommend overloading new and delete globally, except in the rare cases. Instead, I recommend overloading new and delete on a class-by-class basis. When new and delete are overloaded by a class, they are used only when allocating memory for objects of the class. This eliminates the potential for side effects outside the class. This is the approach used by this recipe, and the discussion that follows assumes that new and delete are being overloaded relative to a class through the use of member functions. There are two basic forms of new and delete. The first is for allocating and releasing single objects. The second is for allocating and releasing arrays of objects. Both forms can be overloaded, and both are described here. We will begin with the forms that allocate and release single objects. Here are the general forms of new and delete overloaded for single objects: // Allocate memory for an object. void *operator new(size_t size) { // Allocate memory for the object and return a pointer to // the memory. The size in bytes of the object is passed in size. // Throw bad_alloc on failure. } // Release previously allocated memory. void operator delete(void *ptr) { // Free memory pointed to by ptr. } The size parameter will contain the number of bytes needed to hold the object being allocated. This is the amount of memory that your version of new must allocate. (size_t is a typedef for some form of an unsigned integer.) The overloaded new function must return a pointer to the memory that it allocates, or throw a bad_alloc exception if an allocation error occurs. Beyond these constraints, the overloaded new can do anything else you require. When you allocate an object using new (whether your own version or not), the object's constructor is automatically called. The delete function receives a pointer to the region of memory to be freed. It must release the previously allocated memory back to the system. When an object is deleted, its destructor is automatically called. It is important that delete be used only on a pointer that was previously allocated via new.
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 If you want to be able to allocate arrays of objects using your own allocation system, you will need to overload new[ ] and delete[ ], which are the array forms of new and delete. Here are their general forms: // Allocate an array of objects. void *operator new[ ](size_t size) { // Allocate memory for the array and return a pointer to it. // The number of bytes to allocate are passed in size. // Throw bad_alloc on failure. } // Delete an array of objects. void operator delete[ ](void *ptr) { // Free memory pointed to by ptr. } When allocating an array, the constructor for each object in the array is automatically called. When freeing an array, each object's destructor is automatically called. You do not have to provide explicit code to accomplish these actions.
 
 Example The following example overloads new and delete for the three_d class. Both the object and the array form of each are overloaded. For the sake of simplicity, no new allocation scheme is used. Instead, the overloaded operators will simply invoke the standard C library functions malloc( ) and free( ). The malloc( ) function allocates a specified number of bytes and returns a pointer to them. It returns null if the memory cannot be allocated. Given a pointer to memory previously allocated by malloc( ), free( ) releases the memory, making it available for re-use. In general, malloc( ) and free( ) parallel the functionality of new and delete, but in a less streamlined fashion. // // // // //
 
 Overload new, new[], delete, and delete[] for the three_d class. This program uses the C functions malloc() and free() to allocate and release dynamic memory. They require the header.
 
 #include #include #include using namespace std; // A class that encapsulates 3-dimensional coordinates. class three_d { int x, y, z; // 3-D coordinates public: three_d() { x = y = z = 0; }
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 three_d(int i, int j, int k) { x = i; y = j; z = k; } // Set the coordinates of an object after it is created. void set(int i, int j, int k) { x = i; y = j; z = k; } // Overload new and delete for three_d objects. void *operator new(size_t size); void operator delete(void *p); // Overload new[] and delete[] for three_d arrays. void *operator new[](size_t size); void operator delete[](void *p); // Let the overloaded inserter be a friend. friend ostream &operator Operator. Another thing that auto_ptr does not provide is garbage collection. As most readers know, garbage collection is a memory management scheme in which memory is automatically
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 recycled when it is no longer used by any object. Although aspects of auto_ptr seem related to garbage collection, such as the fact that allocated memory is automatically released when the auto_ptr goes out of scope, garbage collection relies on a fundamentally different mechanism. Currently, Standard C++ does not define a garbage collection library, but the next version of C++ might. One last point: To pass an auto_ptr to a function, I recommend using a reference parameter. I have seen significant differences over the years in the way different compilers handle passing an auto_ptr value. Passing a reference avoids the issue.
 
 Create an Explicit Constructor Key Ingredients Headers
 
 Classes
 
 Functions
 
 any class
 
 explicit constructor(type param)
 
 To conclude this cookbook on C++, I have chosen one of its more esoteric features: the explicit constructor. Over the years, I have been asked several times about this feature because it is frequently used in the Standard C++ library. Although not difficult, it is a specialized feature whose meaning is not universally understood. This recipe describes the purpose of an explicit constructor and shows how to create one.
 
 Step-by-Step To create an explicit constructor involves these steps: 1. Create a constructor that takes one argument. 2. Modify that constructor with the keyword explicit.
 
 Discussion C++ defines the keyword explicit to handle a special-case condition that occurs with a constructor that requires only one argument. To understand the purpose of explicit, consider the following class: class myclass { int val; public: myclass(int x) { val = x; } int getval() { return val; } };
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 Notice that the constructor for myclass has one parameter. This means that you can create a myclass object like this: myclass ob(4);
 
 In this declaration, the value 4, which is specified in the parentheses following ob, is an argument that is passed to myclass( )'s parameter x. This value is then used to initialize val. This is a common form of initialization, and it is widely used in this book. However, there is an alternative, as shown by the following statement, which also initializes val to 4: myclass ob = 4; // automatically converts into myclass(4)
 
 As the comment suggests, this form of initialization is automatically converted into a call to the myclass constructor, with 4 being the argument. That is, the preceding statement is handled by the compiler as if it were written like this: myclass ob(4);
 
 In general, any time that you have a constructor that requires only one argument, you can use either ob(x) or ob = x to initialize an object. The reason for this is that whenever you create a constructor that requires one argument, you are also implicitly creating a conversion from the type of that argument to the type of the class. If you do not want implicit conversions to occur, you can prevent them by using explicit. The explicit specifier applies only to constructors. A constructor specified as explicit will be used only when an initialization uses the normal constructor syntax. It will not perform any automatic conversion. For example, by declaring the myclass constructor explicit, as shown here: explicit myclass(int x) { val = x; }
 
 the automatic conversion will not be supplied. Now, only constructors of the form myclass ob(27);
 
 will be allowed. This form myclass ob = 27; // Now an error!
 
 will not be allowed.
 
 Example The following example puts together the pieces and illustrates an explicit constructor. First, here is a program that illustrates the automatic conversion that occurs when a constructor is not modified by explicit: #include using namespace std; class myclass { int val; public:
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 // The following constructor is NOT explicit. myclass(int x) { val = x; } int getval() { return val; } }; int main() { myclass ob(4); // OK cout header, 97 divides function object, 95, 184, 246
 
 E
 
 empty( ), 14, 98, 103, 104, 133, 134, 135, 146, 149 end, 327 end( ), 14, 71, 72, 98, 103, 104–105, 113, 120, 126, 146, 149, 155, 159, 190
 
 endl manipulator, 370, 392, 393 ends manipulator, 370, 392, 393 EOF detecting, 317–322 C I/O system macro, 357, 358, 359, 362 eof( ), 283, 288, 300, 309, 326 recipes using, 317–322 eofbit error flag, 288, 318, 333, 336 equal( ) algorithm, 184, 187, 203 function, 269 equal_range( ) algorithm, 186, 187, 198 function, 100, 141, 155, 168–169, 178 equal_to function object, 184, 246, 260 erase( ), 13, 52, 54, 58, 86, 87, 100, 146, 148, 162, 163, 165, 167–168, 170, 171 iterator versions of, 71, 73, 99, 100, 103, 104, 110, 120, 126, 127, 156, 168, 178 Error handling error-reporting functions for, using the, 288–289, 322, 326, 336 exceptions for, using, 289, 296, 300, 304, 309, 322–326, 336 in the recipe examples, 3, 289 exception class, 323 Exceptions, 289, 296, 300, 304, 309, 322–326, 336 exceptions( ), 283, 296, 300, 304, 323 explicit keyword, using the, 491–494 Extractors, 341 creating custom, 341–344
 
 F
 
 Facets, 355, 371, 372–373, 418 fail( ), 283, 284, 288, 289, 292, 294, 296, 297, 300, 302, 304, 306, 309, 315, 322, 326 failbit error flag, 288, 292, 307, 318, 323 failed( ), 266, 269 failure, 323 falsename( ), 405–406 fclose( ), 356, 358 feof( ), 356, 359 ferror( ), 356, 359 fflush( ), 362
 
 Index
 
 fgetc( ), 356, 359 Field width, setting the, 385–388, 393 to line up columns of numbers, 387–388 using printf( ), 421–422 File, binary, 290–291 and random access I/O, 328 File pointer in C, 356, 357, 358 in C++, 326 File, text and random-access I/O, 328 reading formatted data from a, 296–300 writing formatted data to a, 293–296 FILE type, 357 File(s) character translations in, 290–291 comparing, recipe for, 320–322 definition of a, 280, 281 explicitly closing, advantages of, 289, 293, 326 filter, creating an STL-based, 272–273 get( ) and getline( ) to read from a, using, 310–314 look ahead in a, 332–337 and random access I/O, 326–332 reading from and writing to a, 314–317 reading unformatted binary data from a, 305–309 renaming and removing, 362–365 streams, 290–291 text vs. binary, 290–291 writing unformatted binary data to a, 300–305 filebuf class, 286 Fill character, setting the, 385, 386–388, 393 fill( ), 283, 382, 385, 386, 388, 393, 412 find( ), algorithm, 66, 71, 73, 141, 184, 187, 193–195 performance guarantee, 101 find( ) function, 13, 60, 65–66, 67, 86, 87 and the < operator, 141 iterator versions of, 100, 146, 148–149, 155, 159, 163, 164, 170, 171 find_end( ) algorithm, 184, 187, 202–203 find_first_not_of( ), 13, 60, 63
 
 find_first_of( ) algorithm, 66, 184, 187, 198 function, 13, 60, 61, 63 find_if( ) algorithm, 184, 187, 193–195, 257 find_last_not_of( ), 13, 60, 61 find_last_of( ), 13, 60, 61 first_argument_type, 250 fixed format flag, 368, 369, 379, 380, 383 manipulator, 370, 392 Flags, error, 288–289 Flags, format, 287, 368–369 manipulators to set the, using, 382 and numeric values formatting, 379–383 settings, how to display, 376–378 using stream member functions to access, 374–378 flags( ), 283, 370, 374, 375, 378 flip( ), 118 floatfield, 369, 379, 380 Floating-point values using precision( ) to set the precision of, 383–385 using printf( ) to format, 420–421 using setprecision to set the precision of, 385, 393 flush manipulator, 370, 392, 393 flush( ), 284, 315, 316 fmtflags bitmask enumeration, 283, 287, 368 fopen( ), 356, 357–358 for_each( ) algorithm, 184, 187, 208–210, 215, 244 ForIter, 95, 183 Formatting, 367–424 data into a string, 412–414 and facets, 372–373 and format flags. See Flags, format and I/O manipulators. See Manipulator(s) monetary values. See Monetary values numeric values. See Numeric values and output justification. See Justification of output overview, 368–371 and printf( ). See printf( ) time and date. See Time and date
 
 499
 
 500
 
 Herb Schildt's C++ Programming Cookbook
 
 fpos_t type, 357 fprintf( ), 362, 371, 419, 424 fputc( ), 356, 358 frac_digits( ), 403, 404 fread( ), 361 free( ), 453 front( ), 99, 111, 113, 119, 120, 126, 133, 134, 135 front_insert_inserter class, 275 front_inserter( ) insert iterator adaptor, 274–275 fscanf( ), 362 fseek( ), 361–362 fstream class, 286, 290, 291, 314, 315, 317, 327 constructors, 315 header, 282, 285, 294, 297, 298, 301, 306, 315 Func generic type name, 183 Function call operator, how to overload the, 437–440 conversion, create a, 463–466 comparison, definition of, 188 operator. See operator function(s) Function adaptors, 262 for member functions, 265 Function object(s), 95–96 adapting a function pointer into a, 262–265 advantages of, 249 binder to bind a value to a, using a, 255–259 built-in, using the, 245–248 custom, creating a, 248–255 to maintain state information, using, 253–255 overview, 184, 188 Function pointer(s), 95–96, 184, 190, 245, 248 into a function object, adapting a, 262–265 manipulators and, 346, 348 vs. function object, 249, 255 header, 188, 246, 250, 256, 262 fwrite( ), 361
 
 G
 
 Garbage collection, 490–491 gcount( ), 284, 309, 337 generate( ) algorithm, 185, 187, 215–216 generate_n( ) algorithm, 185, 187, 215 Generator generic type name, 183 Get pointer, 327 get( ), 284, 309, 314, 315 defined by auto_ptr, 488, 489 to detect end-of-file, 322 and the money_get facet, 402 to read from a file, recipe using, 310–313, 318–320 getc( ), 361 defined by num_get, 398 getline( ), 284, 300, 309 to read from a file, recipe using, 310–314 getloc( ), 283, 353, 399–400 good( ), 283, 288, 289, 293, 294, 298, 302, 306, 307, 315, 318, 322, 326 goodbit error flag, 288 greater function object, 95, 184, 188, 190, 246, 255, 257, 258–259 greater_equal function object, 184, 246 grouping( ), 402, 403, 404 gslice class, 487
 
 H
 
 has_facet( ), 373, 402 Heap, creating and managing a, 235–238 hex format flag, 368, 369, 379, 380, 393 manipulator, 370, 392, 393
 
 I
 
 ifstream class, 286, 290, 291, 297, 298, 305, 306, 314, 315, 318, 327 constructors, 297, 306 ifstream::traits_type::eof( ), 322 ignore( ), 284, 333, 334–336 imag( ), 485, 486 imbue( ), 283, 353, 372, 373, 396, 399, 408 in, 290 includes( ) algorithm, 186, 187, 217, 218, 219, 222
 
 Index
 
 Increment operator, how to overload the, 457–462 InIter, 72, 73, 95, 183 inner_product( ) algorithm, 487 inplace_merge( ) algorithm, 186, 187, 231, 232 comparison function version of, 234 insert( ), 13, 53, 58 iterator version of, 71, 73, 99, 100, 103, 104, 109–110, 111, 113, 117, 120, 125, 126, 146, 148, 156, 158, 159, 162, 163, 164, 170, 171, 178 insert_iterator class, 275 inserter( ) insert iterator adaptor, 274–275 Inserters, 341 creating custom, 341–344 int_type, 283, 333 internal format flag, 368, 369, 386, 388, 389 manipulator, 370, 387, 391 I/O, C file and C++, 355–356, 362 renaming and removing a file using, 363–365 using, 355–362 I/O, C++ buffers, 316 and C file I/O, 355–356, 362 manipulators. See Manipulator(s) overview, 280–287 and stream iterators, 265–273, 280 streams. See Stream(s), C++ using string streams, 282, 337–341 I/O, C++ file, 282 random-access, using, 326–332 header, 352, 370, 392, 393 ios class, 286, 290, 291, 327, 369 header, 282, 283, 370, 392, 393 ios::app, 296, 304 ios::ate, 296, 304 ios::badbit, 323 ios::binary, 301, 302, 306, 315 ios::eofbit, 318, 322, 323 ios::failbit, 288, 318, 323 ios::goodbit, 323
 
 ios::in, 306, 315 ios::out, 294, 296, 301, 302, 315 ios_base class, 281, 282–283, 287, 288, 290, 291, 323, 327, 369, 370, 372, 374, 375, 383 ios_base::badbit, 323 ios_base::eofbit, 323 ios_base::failbit, 323 ios_base::failure, 296, 300, 304, 323 ios_base::goodbit, 323 iostate type, 283, 288, 323 iostream class, 286, 315 header, 287, 370, 392, 393 is_open( ), 285, 292 isalum( ), 39, 40 isalpha( ), 39, 40, 41 iscntrl( ), 39, 40 isdigit( ), 39, 40 isgraph( ), 39, 40 islower( ), 39, 40, 248 isprint( ), 39, 40 ispunct( ), 39, 40, 41 isspace( ), 39, 40 istream class, 286, 287, 298, 315, 318, 327, 341, 342, 345, 349 header, 284, 298 istream_iterator class, 266–267 istream_type, 267, 268 istreambuf_iterator class, 266–267, 268–269 istringstream class, 286, 337, 338 constructor, 337, 340 isupper( ), 39, 40 isxdigit( ), 39, 40 iter_type, 398, 400, 409 iterator, 14, 71, 72, 97, 108, 113, 148 header, 266, 272 Iterator(s), 94–95, 103 adaptors, using insert, 274–277 and algorithms, 182–183, 200, 225 benefits of using, 70, 73 and container adaptors, 132 declaring, 104, 108 and maps, 154 operations supported by, table of, 95 reverse, benefits of using, 117 similarity to pointers, 109, 154 and string objects, 15, 70–76
 
 501
 
 502
 
 Herb Schildt's C++ Programming Cookbook
 
 Iterator(s), stream, 265–273, 280 to create an STL-based file filter, using, 272–273 demonstration program, 269–271 formatted, 267–268 low-level, 268–269
 
 J
 
 Justification of output using format flags, 388–391 using printf( ), 422
 
 K
 
 key_comp( ), 100 key_type( ), 97
 
 L
 
 LC_ALL macro, 417 LC_COLLATE macro, 417 LC_CTYPE macro, 417 LC_MONETARY macro, 417 LC_NUMERIC macro, 417 LC_TIME macro, 417 left format flag, 368, 369, 388, 389 manipulator, 370, 392 length( ), 14, 58 length_error exception, 16, 58 less function object, 95, 184, 246, 259, 260 less_equal function object, 184, 246 Linear time performance category, 101 list container, 94, 97, 103, 133, 134, 140 constructors, 125 iterators, 125, 131 merging a, 126, 130, 232 performance characteristics, 127 performance guarantee, 101, 110 recipe for using a, 124–131 removing elements from a, 127, 130–131, 228 sorting a, 126, 130, 183 template specification, 125 <list> header, 97 locale class, 352, 353, 355, 371, 372, 396, 399, 408 header, 31, 43, 353, 355, 371, 372, 373, 399, 402
 
 locale::facet, 371, 372, 403 Localization library, 31, 372 formatting data using the, 367, 370–371 localtime( ), 408, 409, 415 Logarithmic time performance category, 101 logical_and function object, 184, 246 logical_not function object, 188, 246 logical_or function object, 184, 246 lower_bound( ) algorithm, 186, 187, 198 function, 100, 141, 155
 
 M
 
 main( ), returning a value from, 4 make_heap( ) algorithm, 186, 187, 235 comparison function version, 238 make_pair( ), 148 malloc( ), 453 Manipulator(s), 287, 344–345, 370 to format data, using, 391–398 and , 352, 370 parameterized, creating a, 348–352 parameterless, creating a, 344–347 standard, list of, 370 and string streams, 347, 412 vs. stream member functions, 393 map container, 94, 97 advantages of using a, 179 basic techniques for using a, 145–156 constructors, 147, 157–158 iterators, 149–150, 154, 158, 159 performance characteristics, 159 recipe using a, 156–162 template specification, 147, 157 <map> header, 97, 147, 148, 158, 164 max_size( ), 14, 16, 52, 53, 98, 110 mem_fun( ) pointer-to-member function adaptor, 265 mem_fun_ref( ) pointer-to-member function adaptor, 265 memchr( ), 11 memcmp( ), 11 memcpy( ), 11 memmove( ), 11, 32 Memory leaks, 488 memset( ), 11
 
 Index
 
 merge( ) algorithm, 182, 186, 187, 231–232 comparison function version of, 234 merge( ) function, 125, 126 comparison function version of, 130 minus function object, 95, 184, 246 mismatch( ) algorithm, 184, 187, 199, 203 modulus function object, 184, 246 Monetary values using money_put to format, 398–401 using moneypunct with, 402–407 money_base class, 403, 406 money_get facet, 402 money_put facet, 371, 372, 373, 397, 408 template declaration, 399 using the, 398–401 moneypunct facet, 355, 373 template declaration, 403 using the, 402–407 multimap container, 97, 146, 156, 162 advantages of using a, 179 constructors, 164 iterators, 164 performance characteristics, 165 recipe for using a, 163–169 template specification, 163–164 multiplies function object, 95, 184, 246 multiset container, 97, 156 constructors, 171 iterators, 99 recipe using a, 169–172, 174–179 template specification, 171
 
 N
 
 name( ), 353 defined by type_info, 479 neg_format( ), 406–407 negate function object, 188, 246 negative_sign( ), 406 Negators, 96, 188 how to use, 259–261 how to use functions with, 262 header, 456 new operator, 488 overloading the, 451–456 next_permutation( ) algorithm, 186, 187, 207, 222–224
 
 noboolalpha manipulator, 370, 392 noshowbase manipulator, 370, 392 noshowpoint manipulator, 370, 392, 393 noshowpos manipulator, 370, 392 not1( ) negator, 188, 259, 260 not2( ) negator, 188, 259, 260 not_equal_to function object, 184, 246 nothrow, 456 nothrow_t, 456 nounitbuf manipulator, 370, 392 nouppercase manipulator, 370, 392 npos variable, 12, 14–15, 61 NULL macro, 357, 358 num_get facet, 355, 398 num_put facet, 355, 372, 373, 395, 397–398 header, 487 Numeric values format flags to format, using, 379–383 for a locale, formatting, 395–398 and numpunct, 402–406 setting the precision of floating-point. See Floating-point values numpunct facet, 355, 373 template declaration, 403 using the, 402–406
 
 O
 
 Object's type at runtime, determining an, 478–484 oct format flag, 368, 369, 379, 380, 393 manipulator, 370, 392 off_type, 283, 327 ofstream class, 286, 290, 291, 293, 314, 315, 327 constructors, 294, 301 Open operation, 280 open( ), 285, 290–291, 292, 293, 294, 297, 301, 302, 304, 305, 315 openmode enumeration, 283, 290 operator function(s) general form of an, 427 and inheritance, 436 member, 426–427, 428–430 non-member, 427–428, 431–432 operator delete[ ]( ), 452, 453
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 operator delete( ), 451, 452 operator keyword, 427, 463 operator new[ ]( ), 451, 453 nothrow version of, 456 operator new( ), 451, 452 nothrow version of, 456 Operator overloading basic techniques for, 426–436 and the class member access operator –>, 445–451 and the function call operator ( ), 437–440 and the increment and decrement operators, 457–462 and new and delete, 451–456 and passing operands by value vs. passing by reference, 435–436 restrictions, 436 and the subscripting operator [ ], 441–445 Operators insertion and extraction, 341 and null-terminated strings, 11 and string objects, 15, 52, 53–54, 58–59 supported by containers, 98 operator–>( ), 445–451 operator[ ]( ), 99, 112, 120 map version of, 158–159 using, 441–445 operator=( ), 468, 478 operator==( ), 141, 172 type_info version of, 479 operator!=( ), type_info version of, 479 operator to create a safe, using an, 446, 447–450 put, 327 similarity to iterators, 109, 154 pointer_to_binary_function class, 263 pointer_to_unary_function class, 263 Polymorphism, 478 pop( ), 124, 133, 134, 135 pop_back( ), 99, 111, 113, 119, 120, 125, 126, 133, 135 pop_front( ), 99, 112, 119, 120, 124, 125, 126, 134 pop_heap( ) algorithm, 186, 187, 235, 236, 237 comparison function version, 238
 
 Index
 
 pos_format( ), 406 pos_type, 283, 332 positive_sign( ), 406 precision( ), 283, 370, 382, 383–385, 393, 412 Predicate binary, 77–78, 96, 188 unary, 96, 188 prev_permutation( ) algorithm, 186, 187, 207, 222–224 printf( ), 355, 362, 368, 371 format specifiers, table of, 420 using, 418–424 priority_queue container adaptor, 97–98, 110, 119 constructors, 135 recipe for using, 132–137 template specification, 134 ptr_fun( ) pointer-to-function adaptor, 262–263, 265 push( ), 124, 133, 134, 135 push_back( ), 13, 52, 54–55, 99, 111, 113, 114, 117, 119, 120, 125, 126, 133, 134, 135, 275 push_front( ), 99, 112, 119, 120, 124, 125, 126, 275 push_heap( ) algorithm, 186, 187, 235–236 comparison function version, 238 Put pointer, 327 put( ), 284, 304, 314, 315 defined by money_put, 400, 402 defined by num_put, 397–398 defined by time_put, 408, 409, 410, 411 used with facets, 373 putback( ), 284, 336 putc( ), 361
 
 Q
 
 queue container adaptor, 96, 97–98, 110, 119, 124 constructor, 134 and list, 140 recipe for using, 132–137 template specification, 133–134 header, 97
 
 R
 
 RandIter, 95, 183 random_shuffle( ) algorithm, 185, 187, 203–204, 224–225 rbegin( ), 14, 71, 72, 98, 103, 105, 113, 120, 126, 146, 149–150, 159 rdstate( ), 283, 288–289, 296, 300, 304, 322, 326 to detect end-of-file, using, 322 read( ), 284, 306, 307, 309, 310, 315 readsome( ), 336 real( ), 485, 486 Recursion to reverse a string, using, 26 reference class defined by vector, 118 type, 97, 112 release( ), 488, 489 remove( ) algorithm, 185, 187, 228 C function, 362, 363–365 list container function, 125, 126, 127, 130 remove_copy( ) algorithm, 185, 187, 230 and insert iterator adaptors, 277 remove_copy_if( ) algorithm, 185, 187, 230 remove_if( ) algorithm, 185, 187, 230, 248, 257, 258 function, 126, 130–131 rename( ), 362, 363–365 rend( ), 14, 71, 72, 98, 103, 105, 113, 120, 126, 146, 149–150, 159 replace( ) algorithm, 185, 187, 188 replace( ) function, 13, 66, 67, 68, 69 iterator version, 71, 73, 77, 78 replace_copy( ) algorithm, 185, 187, 230 and insert iterator adaptors, 277 with stream iterators, 272–273 replace_copy_if( ) algorithm, 185, 187, 230 replace_if( ) algorithm, 185, 187, 230 reserve( ), 14, 52, 54, 58, 112, 114 reset( ), 488, 489 resetiosflags( ) manipulator, 370, 393 resize( ), 13, 112, 114, 119 Result generic type, 263 result_type, 250 reverse( ) algorithm, 185, 187, 203–204 function, 125, 126, 127
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 reverse_copy( ) algorithm, 185, 187, 207 and insert iterator adaptors, 277 reverse_iterator, 14, 71, 72, 97, 113 rewind( ), 362 rfind( ), 13, 60 right format flag, 368, 369, 388, 389 manipulator, 370, 392 rotate( ) algorithm, 185, 187, 203–204 use reverse iterators to perform a right-rotate with the, 206–207 rotate_copy( ) algorithm, 185, 187, 207 Runtime type information (RTTI), 478 runtime_error exception, 353, 372, 396
 
 S
 
 scanf( ), 355, 362 scientific format flag, 368, 369, 379, 380, 383 manipulator, 370, 392 search( ) algorithm, 66, 69, 77, 78, 81, 82, 184, 187, 197 to find a matching sequence, using, 199–203 search_n( ) algorithm, 184, 187, 203 second_argument_type, 250 SEEK_CUR macro, 362 SEEK_END macro, 362 SEEK_SET macro, 362 seekdir enumeration, 283, 327 seekg( ), 284, 315, 327, 332 to access fixed-size records, using, 329–332 seekp( ), 284, 315, 327, 332 to access fixed-size records, using, 331–332 Sequence. See Container sequence(s) Sequence containers, 94, 97 requirements for, 99–100 reversible, 105 techniques, basic, 102–110 set container, 97, 146, 147, 156 constructors, 170 iterators, 171 recipe using a, 169–174, 178–179 template specification, 170 <set> header, 97, 170, 171
 
 Set operations, performing, 217–222 set_difference( ) algorithm, 186, 187, 217, 218, 221–222 set_intersection( ) algorithm, 186, 187, 217, 218–219, 221–222 set_symmetric_difference( ) algorithm, 186, 187, 217, 218, 221–222 set_union( ) algorithm, 186, 187, 217, 218, 221–222 setbase( ) manipulator, 370, 393 setf( ), 283, 370, 374, 375, 380, 393 and string streams, 412 two-argument form of, 378, 380, 389, 393 setfill( ) manipulator, 370, 393 setiosflags( ) manipulator, 370, 393 setlocale( ), 373, 417 setprecision( ) manipulator, 370, 393 setstate( ), 283 setw( ) manipulator, 370, 393 showbase format flag, 368, 369, 379, 380, 400 manipulator, 370, 392 showpoint format flag, 368, 369, 379, 380, 393 manipulator, 370, 392, 393 showpos format flag, 368, 369, 379, 380, 386, 389 manipulator, 370, 392 Size generic type name, 183 size( ), 14, 52, 54, 58, 98, 103, 104, 114, 134, 135, 146, 149 size_t type, 11, 17, 357, 452 size_type, 14, 54, 97 sizeof, 17, 19 skipws format flag, 368, 369 manipulator, 370 slice class, 487 sort( ) algorithm, 118, 124, 141, 183, 186, 187, 189–190 performance guarantee, 101 sort( ) function, 125, 126 comparison function version, 130 sort_heap( ) algorithm, 186, 187, 235, 236, 237 comparison function version, 238
 
 Index
 
 splice( ), 125, 126–127 sprintf( ), 362, 371, 414, 419, 424 problems with, 424 sscanf( ), 362 stable_sort( ) alogrithm, 186, 187, 192 stack container adaptor, 97–98, 110, 119, 124 constructor, 133 to create a post-fix calculator, using, 137–140 recipe for using a, 132–137 template specification, 133 Stack using deque as a first-in, first-out, 124 using deque as a first-in, last-out, 124 <stack> header, 97, 133 Standard Template Library (STL), 93 overview, 94–96 and the string class, 15, 58 std namespace, using the, 4–5 <stdexcept> header, 16 STL. See Standard Template Library (STL) str( ), 337, 338, 341 strcat( ), 9, 12, 17–18 strchr( ), 9, 21 strcmp( ), 9, 17, 18, 263 case-sensitive nature of, 27 strcpy( ), 9, 10, 11, 12, 17 strcpy_s( ), 11 strcspn( ), 10, 22 Stream iterators. See Iterators, stream Stream(s), C++, 280–281 class specializations, 285–287 classes, 281–285 field width attribute, 369, 385–388 file, 290–291 fill character attribute, 369, 370, 385, 386–388 locale, obtaining and setting a, 352–355, 371 precision attribute, 369, 370, 383–385 predefined, 287 Stream(s), C++ string formatting data into a, 412–414 using, 282, 337–341 streambuf class, 286 <streambuf> header, 282 streambuf_type, 268, 269
 
 streamsize, 302, 307, 333, 383, 385 strftime( ), 367, 368, 371, 408, 410, 411, 424 format specifiers, table of, 416 using, 414–416 string class, 7 constructors, 12–13, 52–53, 72–73 as a container for characters, 70 exceptions, 16 functions, list of some, 13–14 and I/O, 282 overview of, 11–16 STL-compatible aspect of, 15, 58, 66, 76 <string> header, 12, 52 string object(s) basic operations on, performing, 51–59 case-insensitive search and searchand-replace functions for, creating, 76–82 for I/O, using, 282, 337–341 into a null-terminated string, converting a, 83–85 iterators with, using, 70–76 mixing null-terminated strings with, 15, 58 operators with, using, 15 and the printf( ) precision specifier, 422 search-and-replace function for, creating a, 66–69 searching, 59–66 subtraction for, implementing, 85–91 tokenizing, 63–65 String(s) as arrays, 7, 8, 9 C vs. C++, 7, 8 literals, 8, 16 streams. See Stream(s), C++ string wide character, 7, 12 String(s), null-terminated, 7 advantages of, 16 basic operations on, performing, 16–20 characters within a, categorize, 39–43 comparing, ignore case differences when, 27–31 converting a string object into a, 83–85 functions, table of commonly used, 9–10 limitations of, 11–12
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 String(s), null-terminated (Continued) operators and, 11 overview of, 8–11 reversing a, 23–27 search-and-replace function for, creating a, 31–38 searching, 20–23 string objects with, mixing, 15, 58 tokenize a, 44–50 word-count program, 41–43 string_type, 404 stringbuf class, 286 stringstream class, 286, 337, 338 constructor, 337, 340 strlen( ), 10, 17, 23, 24 strncat( ), 10, 20 strncmp( ), 10, 20 strncpy( ), 10, 20, 32, 33 strpbrk( ), 10, 21 strrchr( ), 10, 22–23 strspn( ), 10, 22 strstr( ), 10, 21, 32 strtok( ), 10, 23, 44–45, 50, 63 limitations of, 47 struct, 246 vs. class, using, 43 Subscripting operator, how to overload the, 441–445 substr( ), 14, 52, 55 swap( ), 13, 98, 103, 105, 147 map version of, 150 vector version of, 118 swap_ranges( ) algorithm, 185, 187, 227
 
 T
 
 T generic type name, 183 tellg( ), 284, 332 tellp( ), 284, 332 this pointer, 426, 428, 429, 430, 431 thousands_sep( ), 402, 403, 404 Time and date format specifiers, 410 using strftime( ) to format, 414–418, 424 using time_put to format, 407–411, 424 time( ), 409–410, 415 time_get facet, 355, 372
 
 time_put facet, 355, 371, 373, 414, 418, 424 advantages of using the, 408 template declaration, 408 using the, 407–411 time_t value, 409–410 tm structure, 409, 414, 415 Token, definition of, 44 Tokenizing a null-terminated string, 44–50 a string object, 63–65 tolower( ), 28, 78, 355 version of, 31, 82 top( ), 133, 135 toupper( ), 31, 82 traits_type, 283, 322 traits_type::eof( ), 333 transform( ), algorithm, 71, 73, 185, 187, 210, 211–215, 244 truename( ), 405–406 trunc, 290, 291 try block, 323–324 Type extensibility, 426 type_info class, 479 typeid operator, 478, 479–484 header, 479
 
 U
 
 unary_function structure, 249–250 unary_negate class, 260 unget( ), 284, 333, 334–336 unique( ) algorithm, 185, 187, 230 unique( ) function, 125, 126, 127 binary predicate form of the, 131 unique_copy( ) algorithm, 185, 187, 230 unitbuf format flag, 368, 369 manipulator, 370, 392 UnPred generic type name, 96, 183 unsetf( ), 283, 370, 374, 375, 380, 393 upper_bound( ) algorithm, 186, 187, 198 function, 101, 141, 155, 163, 165, 170, 171, 172 uppercase format flag, 368, 369, 380 manipulator, 370, 392 header, 148
 
 Index
 
 use_facet( ), 372, 373, 397, 399, 402, 403, 408–409 using std namespace, 4–5
 
 V
 
 valarray class, 487 header, 487 value_comp( ), 101 value_type, 14, 97, 101, 148, 158, 164 vector container, 15, 94, 119, 124, 133 of characters, recipe for extracting sentences from a, 194–197 constructors, 104, 112 deletions from a, effects of, 114 example to illustrate basic sequence container operations, 105–109 insertions into a, effects of, 114 iterators, 113
 
 performance guarantee and characteristics, 101, 110, 114 recipe for using a, 111–118 storing user-defined objects in a, recipe for, 141–144 template specification, 103–104, 112 vector specialization of the, 118 header, 97, 104, 112
 
 W
 
 wchar_t, 7, 12, 368 streams based on, 285–286 strings, array overrun and, 20 width( ), 283, 370, 382, 385–386, 388, 393, 412 Word-count program, 41–43 write( ), 284, 301, 302, 304–305, 315 ws manipulator, 370 wstring class, 7, 12, 52
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