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Data Structures in C++ 2Outline { Chapter 7The string data type� Primitive C++ strings� Problems solved using Strings{ Palendrome testing{ Splitting line into words� Operations of the standard data type� Implementation of the string data type
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Data Structures in C++ 3Characters in C++In C++ a character is simply a form of integer.Arithmetic and relational operations can beperformed on characters, just as on integers.
int isupper(char c)f // return true if c is an upper case letterreturn (c >= A) && (c <= Z);g
char tolower(char c)f if (isupper(c))return (c � A) + a;return c;g
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Data Structures in C++ 4Primitive C++ stringsIn C++ a literal string is simply a pointer to asequence of characters. No movement ofcharacters is performed in the following, only anassignment of pointers.char � p;p = "hello world!";
p ������ hello world!
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Data Structures in C++ 5Pointers can be subscriptedLike all pointers, pointers to characters can besubscripted, and thus literals can be modi�ed.p[0] = y;p[5] = p[6];p[6] =  ;p[8] = i;p[10] = \?;Changes the text array into yellow oil?!.Not checks are made on the validity of pointersubscripts. Can even be negative!
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Data Structures in C++ 6Null Character TerminationStrings are terminated with a null character, acharacter with value zero.char � p;p = "hello world!";The literal contains 13 characters. 12 printingcharacters and one null character. Theprogrammer must remember the null character,and make sure space is allocated to hold it.h e l l o w o r l d ! null
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Data Structures in C++ 7Low level string routinesThe standard C++ library string.h de�nes anumber of simple routines to manipulatenull-terminated character strings.� strlen(str) { length (number of charactersin string)� strcpy(to, from) { duplicate string value� strcmp(str1, str2) { compare strings,returning negative, 0 or positive
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Data Structures in C++ 8The string data abstractionHere are some ways in which the string datatype is an improvement over viewing strings justas an array of characters:� Bounds checking on subscription, copys, andcatenation.� Assignments which result in copies.� Comparisons performed using relationaloperators.� High level operations such as substrings,pattern matching.
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Data Structures in C++ 9Example Problem {Palendrome testingThe following functions are intended to illustrate� Use of the string data type� String member functions and operations� Generic algorithms that are useful with stringsProblem is to tell if a string represents apalendrome { reading the same forward andbackward.First type of palendrome is a simple word, suchas \madam".
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Data Structures in C++ 10Palindrome Type 1bool palindrome type1 (string & aString)// test aString is a type 1 palindromef string temp; // declare temporarytemp = aString; // duplicate argumentreverse (temp.begin(), temp.end()); // reversereturn temp == aString; // test for equalitygThree step process:� Duplicate string (uses assignment)� Reverse duplicate (uses generic algorithm)� Tests for equality (uses relational operator)
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Data Structures in C++ 11A Palendrome that is nottype 1Won't work forRats Live on No Evil StarratS livE oN no eviL staRSolution, �rst translate all characters to lowercase, then test.
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Data Structures in C++ 12Palendrome Type 2bool palindrome type2 (string & aString)// test if aString is a type 2 palindromef string allLow (aString);transform (aString.begin(), aString.end(),allLow.begin(), tolower);return palindrome type1 (allLow);gAgain, a three step process:1. Duplicate string (this time performed using acopy constructor)2. Transform every character, using a genericalgorithm that applies to each charactercopied the function tolower3. Test the resulting value to see if it is a type 1palendromeThe string data type Chapter 7



Data Structures in C++ 13The Transform GenericAlgorithmThe transform generic algorithm looks somethinglike this:void transform(iterator start, iterator stop,iterator to, char fun(char))f while (start != stop)�to++ = fun(�start++);g(This isn't exactly right, but we won't introducethe template mechanism, which is essential tothe real form, until the next chapter.)
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Data Structures in C++ 14A Palendrome that is nottype 2Won't work onA man, a Plan, a Canal, Panama!Problem, need to remove spaces and punctuation.
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Data Structures in C++ 15Palendrome Type 3bool palindrome type3 (string & aString)// see if text is a type 3 palindromef // remove all punctuation and spacestring temp = remove all (aString, " ,.!?");// then test resulting stringreturn palindrome type2 (temp);g
� remove all punctuation and space characters� then test the result to see if it is a palindromeof type 2

The string data type Chapter 7



Data Structures in C++ 16Removal Routinestring remove all (string & text, string & spaces)// remove all instances of spacesf string result;int textLen = text.length();int spacesLen = spaces.length();for (int i = 0; i < textLen; i++) fstring aChar = text.substr(i, 1);if (spaces.�nd(aChar, 0) >= spacesLen)result += aChar;greturn result;gUses:� substring { return a portion of a string� �nd { see if one string is contained in another� += { append one string to anotherThe string data type Chapter 7



Data Structures in C++ 17� Returning a string as a result
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Data Structures in C++ 18Example 2 { split a line intowordsvoid split (string & text,string & separators, list<string> & words)f int n = text.length();// �nd �rst non-separator characterunsigned int start =text.�nd �rst not of(separators, 0);// loop as long as we have// a non-separator characterwhile (start < n) f// �nd end of current wordunsigned int stop =text.�nd �rst of(separators, start);if (stop > n) stop = n;// add word to list of wordswords.push back(text.substr(start, stop � start));// �nd start of next wordstart =text.�nd �rst not of (separators, stop+1);gg
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Data Structures in C++ 19Using this functionvoid main() fstring text ="it was the best of times, it was theworst of times.";string smallest = "middle";string largest = "middle";list<string> words;split(text, " .,!?:", words);list<string>::iterator start;list<string>::iterator stop = words.end();start = words.begin();for (; start != stop; start++) fif (�word < smallest)smallest = �word;if (�word > largest)largest = �word;gcout� "small: "� smallest� "\n";cout� "large: "� largest� "\n";gThe string data type Chapter 7



Data Structures in C++ 20String OperationsBefore you can use the string data type, you mustinclude the header �le:
# include <string>
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Data Structures in C++ 21String Operations
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Data Structures in C++ 22Constructorsstring s; default constructorstring s ("text"); initialized with literal stringstring s (aString); copy constructorCharacter Accesss[i] subscript accesss.substr(pos, len) return substring starting at position of given lengthLengths.length() number of characters in strings.resize(int, char) change size of string, padding with chars.empty() true if string has no charactersAssignments = s2; assignment of strings += s2; append second string to end of �rsts + s2 new string containing s followed by s2Iteratorsstring::iterator t declaration of new iterators.begin() starting iterators.end() starting iteratorInsertion, Removal, Replacements.insert(pos, str) insert string after given positions.remove(start, length) remove length characters after starts.replace(start, length, str) insert string, replacing indicated charactersComparisonss = s2 s ! = s2 comparisons for equality/inequalitys < s2 s <= s2 comparisons for relationSearching Operationss.find(str) �nd start of argument string in receiver strings.find(str, pos) �nd with explicit starting positions.find first of(str, pos) �rst position of �rst character from arguments.find first not of(str, pos) �rst character not from argumentInput / Output Operationsstream << str output string on streamstring >> str read word from streamgetline(stream, str, char) read line of input from stream
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Data Structures in C++ 23DeclarationDeclaration can either provide no value, or aninitial value.string s1;string s2 ("a string");string s3 = "initial value";A copy constructor initializes a string as a copyof another string.// initialize s4 with value of s3string s4 (s3);
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Data Structures in C++ 24Character AccessThe subscript operator provides access toindividual characters, can also be assigned to.cout � s4[2] � endl;s4[2] = x;The substr operator provides access to portions ofa string. Arguments are starting location andlength.cout � s4.substr(3, 2) � endl;
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Data Structures in C++ 25Extent of stringThe length function tells how long a string is.The resize operation makes an existing stringlonger or shorter, padding with characters ifnecessary.// add tab characters at ends7.resize(15, \t);// write new lengthcout � s7.length() � endl;The empty function tests if string is empty, andis more e�cient than testing length against zero.if (s7.empty())cout � "string is empty" � endl;
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Data Structures in C++ 26Assignment and AppendStrings can be assigned another string, a literal,or a character value:s1 = s2;s2 = "a new value";s3 = x;The += operator appends any of these forms tothe end of a string.s3 += "yz"; // s3 is now xyzThe + operator forms a new value, thecatenation of the argumentscout � s2 + s3 � endl;
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Data Structures in C++ 27IteratorsThe member functions begin() and end()return beginning and past-the-end random accessiterators. The type string::iterator can beused to declare an iterator value.
string::iterator itr = aString.begin();for ( ; itr != aString.end() ; itr++)...
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Data Structures in C++ 28Insertion, Removal andReplacement// insert after position 3s3.insert (3, "abc");// remove positions 4 and 5s3.remove (4, 2);// replace position 4 and 5 with "pqr"s3.replace (4, 2, "pqr");
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Data Structures in C++ 29Searching OperationsThe member function find searches for theargument in the receiver string.s1 = "It was the best of times, it was theworst of times.";// the following returns 19cout � s1.�nd("times") � endl;// the following returns 46cout � s1.�nd("times", 20) � endl;The functions find first of andfind first not of treat argument as a set ofcharacters.// �nd �rst voweli = s2.�nd �rst of ("aeiou");// next non-vowelj = s2.�nd �rst not of ("aeiou", i);The string data type Chapter 7



Data Structures in C++ 30Useful Generic Algorithmsreverse (iterator start, iterator stop)reverse text in the given portion of stringcount (iterator start, iterator stop, target value, int & counter)count elements that match target value, incrementing countercount if (iterator start, iterator stop, unary fun, int & counter)count elements that satisfy function, incrementing countertransform (iterator start, iterator top, iterator destination, unary)transform text using unary function from source, placing into destinationfind (iterator start, iterator stop, value)�nd value in string, returning iterator for locationfind if (iterator start, iterator stop, unary function)�nd value for which function is true, returning iterator for locationreplace (iterator start, iterator stop, target value, replacement value)replace target character with replacement characterreplace if (iterator start, iterator stop, unary fun, replacement value)replace characters for which fun is true with replacement charactersort(iterator start, iterator stop)places characters into ascending order

The string data type Chapter 7



Data Structures in C++ 31Input / Output routinesstring aString ="Find Average Word Length\n";cout � aString;string aWord;int count = 0;int size = 0;while (cin � aWord) fsize += aWord.length();count++;gcout � "Average word length:"� (size / count) � "\n";
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Data Structures in C++ 32The string class descriptionclass string fpublic:typedef char � iterator; // de�ne iterator typestring (); // constructorsstring (char �);string (string &);�string (); // destructor// member functionsiterator begin ();bool empty ();iterator end ();int �nd (string &, int);int �nd �rst of (string &, unsigned int);int �nd �rst not of (string &, unsigned int);void insert (unsigned int, string &);int length ();string substr (unsigned int, unsigned int);void remove (unsigned int, unsigned int);void replace (unsigned int, unsigned int, string &);void resize (unsigned int, char)// operatorschar & operator [ ] (unsigned int);void operator = (string &);void operator += (string &);// friendsfriend bool operator == (string &, string &);friend bool operator != (string &, string &);friend bool operator < (string &, string &);friend bool operator <= (string &, string &);The string data type Chapter 7



Data Structures in C++ 33friend bool operator > (string &, string &);friend bool operator >= (string &, string &);private: // data areaschar � bu�er; // pointer to dynamic bu�erunsigned short int bu�erLength; // length of dynamic bu�erg;
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Data Structures in C++ 34Internal Bu�erThe string data structure uses an internal bu�erthat grows and shrinks as the operations areperformed. PPPPPqBesause the size of the bu�er cannot be predictedwhen the string is created, it must use dynamicmemory allocation.
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Data Structures in C++ 35One of THE mostimportant rules indeveloping softwarecomponentsThe following rule should become second nature:Wherever possible, seek out repeated orcommon operations, and factor the codeperforming these operations into theirown routines.In the case of the string abstraction, the commonoperation will be allocating a bu�er of a givensize, as performed by the resize() memberfunction.
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Data Structures in C++ 36Constructorsstring::string ()// default constructor, length zerof bu�er = 0;// allocate bu�er of length zeroresize (0,  );gstring::string (char � cp)// initialize string from literal stringf bu�er = 0;// allocate bu�er of correct sizeresize (strlen(cp),  );// then �ll with valuesstrcpy (bu�er, cp);g
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Data Structures in C++ 37Copy ConstructorA copy constructor is simply a constructor thatduplicates a value of the same type, taking theoriginal as argument.string::string (string & str)// initialize string from argument stringf bu�er = 0;// allocate bu�er of correct sizeresize (str.length());// then �ll with valuesstrcpy (bu�er, str.bu�er);gIt is good practice to always create copyconstructors.
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Data Structures in C++ 38AssignmentAssignment is, not surprizingly, very similar toinitialization.void string::operator = (string & str)// reassign string to the argument valuef resize (str.length());strcpy (bu�er, str.bu�er);g
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Data Structures in C++ 39Functions or MethodsWhen do you want to make a binary into amember function (such as assignment) and whendo you want to make it into an ordinary function(such as <<) ?� An ordinary function is normally notpermitted access to the private portions of theclass, whereas a member function is allowedsuch access. (The phrase \normally" is used,since we will later describe a mechanism tooverride this restriction).� Implicit conversions, say from integer to oator integer to rational, will be performed forboth right and left argument if the operator isde�ned in functional form, but only for theright argument if the operator is de�ned as amember function.The string data type Chapter 7



Data Structures in C++ 40DestructorA destructor is called implicitly when a value isabout to be deleted. Needs to do whatever\housecleaning" is necessary before termination.For strings, it must simply return the memoryassociated with the bu�er.string::�string()// called implicitly when a string// is about to be deleted// free the memory associated// with the bu�erf delete [ ] bu�er;g
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Data Structures in C++ 41Resize the bu�ervoid string::resize (unsigned int newLength, char pd)f int i;// if no current bu�er, length is zeroif (bu�er == 0)bu�erLength = 0;// case 1, getting smallerif (newLength < bu�erLength) f// just add new null characternewbu�er[newLength] = \0;gelse f // case 2, getting larger// allocate new bu�er,// allow space for null characterchar � newbu�er = new char[newLength + 1];assert (newbu�er != 0);// �rst copy existing charactersfor (i = 0; i < bu�erLength && bu�er[i] != \0;i++) newbu�er[i] = bu�er[i];// then add pad charactersfor ( ; i < newLength; i++)newbu�er[i] = pad;// add terminating null characternewbu�er[i] = \0;// free up old area, assign newThe string data type Chapter 7



Data Structures in C++ 42if (bu�er != 0)delete [ ] bu�er;bu�er = newbu�er;bu�erLength = newLength;gg
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Data Structures in C++ 43Computing Lengthint string::length ()// return number of characters in stringf for (int i = 0; i < bu�erLength; i++)if (bu�er[i] == \0)return i;return bu�erLength;gbool string::empty ()// see if string is emptyf return bu�er[0] == \0;g
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Data Structures in C++ 44Character Accesschar & string::operator [ ] (unsigned int index)// return reference to character at locationf assert (index <= bu�erLength); // not req bystandardreturn bu�er[index];gNote that this returns a reference to an existingcharacter, can therefore be used as the target ofan assignment.Can only return references when the object beingreferenced will continue to exist even after thefunction returns.
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Data Structures in C++ 45Creating a substringstring string::substr(unsigned int start, unsigned int len)f assert (start + len <= length());string sub; // create new value// resize appropriatelysub.resize (len,  );for (int i = 0; i < len; i++)// copy characterssub[i] = bu�er[start + i];return sub;g
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Data Structures in C++ 46IteratorsCan use use pointers for iterators (later we willsee some iterators that are not simple pointers).A typedef in the class allows us to hide this factfrom casual users.class string fpublic:// de�ne iterator typetypedef char � iterator;Allows users to declare iterators without knowingtheir representation:string::iterator start = aString.begin();string::iterator stop = aString.end();for ( ; start != stop; start++)...
The string data type Chapter 7



Data Structures in C++ 47Begin and EndBegin and end simply return pointers to the startand end of the internal bu�er.string::iterator string::begin ()// return starting iterator// just use pointer to bu�erf return bu�er;gstring::iterator string::end ()// return ending iteratorf return bu�er + length();g
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Data Structures in C++ 48RemovalSimply slide characters over.void string::remove(unsigned int start, unsigned int len)// remove characters from given locationf // compute end of deleted run,// make sure it is in rangeint stop = start + len;assert (stop <= length());// move characters into placewhile (bu�er[stop] != \0)bu�er[start++] = bu�er[stop++];// make sure string is null terminatedbu�er[start] = \0;g
The string data type Chapter 7



Data Structures in C++ 49InsertInsert is more complex, as we have to open upspace before we copy values into position.void string::insert(unsigned int position, string & newText)// insert text, starting at positionf int len = length(); // current lengthint ntLen = newText.length(); // additionalint newLen = len + ntLen; // new length// if necessary, resize bu�erresize(newLen, \0);// move existing characters overfor (int i = len; i > position; i��)bu�er[i + ntLen] = bu�er[i];// insert new charactersfor (int i = 0; i < ntLen; i++)bu�er[position + i] = newText[i];g
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Data Structures in C++ 50Replace and AppendIllustrate idea of reusing previously de�nedoperations:void string::replace(unsigned start, unsigned len,string & newText)// replace start to start + len// with new textf remove (start, len);insert (start, newText);gvoid string::operator += (string & right)// append argument string to end// of current stringf insert (length(), right);g
The string data type Chapter 7



Data Structures in C++ 51CatenationCatenation is combination of duplication andappend.string operator + (string & left, string & right)f string clone(left); // copy left argument// append right argumentclone += right;return clone; // return resultg
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Data Structures in C++ 52ComparisonsComparisons can all be related to a commonroutine, which is de�ned as follows:int strcmp (char � p, char � q)f while ((�p != \0) && (�p == �q))f p++; q++; greturn �p � �q;gReturns negative when �rst is less than second, 0if equal, and positive when �rst is larger thansecond.
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Data Structures in C++ 53De�ning the RelationalOperatorsAll six relationals are easily de�ned using strcmp.int operator < (string & left, string & right)// test if left string is lexicographically// less than right stringf return strcmp(left.bu�er, right.bu�er) < 0;g
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Data Structures in C++ 54ProblemThe problem is, the bu�ers are private. Solution,declare that these six functions are somehowspecial, namely \friends".Friends are allowed to look at the private parts ofa class.Notice that friendship is something that the classgives away, not something that can be taken.class string fpublic:... // friendsfriend bool operator == (string &, string &);friend bool operator != (string &, string &);friend bool operator < (string &, string &);friend bool operator <= (string &, string &);friend bool operator > (string &, string &);friend bool operator >= (string &, string &);
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Data Structures in C++ 55Substring matchingint string::�nd (string & target, unsigned int start)// search for target string as a substringf int targetLength = target.length();// stop is last possible starting positionint stop = length() � targetLength;for (int i = start; i <= stop; i++)if (substr(i, targetLength) == target)return i;// no match found// return out of bound indexreturn bu�erLength;gUses the equality testing operator, as well assubstr operator.
The string data type Chapter 7


