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1. Overview2. Text Input/Output3. Error Handling4. File Streams5. Binary Input/Output6. File System OperationsWolfgang Shreiner http://www.ris.uni-linz.a.at 2/82C Standard Input/OutputAlso in C++, the standard I/O funtions of C an be used.#inlude <stdio>using namespae std;int main() {har day[20℄; int hour; int min;printf("Day: "); sanf("%19s", day);printf("Hour: "); sanf("%d", &hour);printf("Minute: "); sanf("%d", &min);printf("%s, %.2d:%.2d\n", day, hour, min);}Day: MondayHour: 6Minute: 5Monday, 06:05Low-level and unsafe, C++ provides better alternatives.Wolfgang Shreiner http://www.ris.uni-linz.a.at 3/82

C++ I/O StreamsC++ I/O is based on the onept of �streams�.Stream: an abstration of an input/output devie.A sequene of haraters (bytes) �owing from/to a soure/sink.Stream soures/sinks may be physial devies.Console, keyboard, disk �le, . . .Charaters written/read are physially input/output.Class fstream (�le streams).Stream soures/sinks may be abstrat devies.Strings, bu�ers, . . .Charaters written/read are transferred to/from data objet.Class stringstream (string streams).By this abstration, the same program an operate without signi�antmodi�ation on a multitude of di�erent devies.Wolfgang Shreiner http://www.ris.uni-linz.a.at 4/82



C++ Stream Libraryplusplus.om: �C++ Referene�.
These lasses are instantiations of orresponding basi templates.Wolfgang Shreiner http://www.ris.uni-linz.a.at 5/82

C++ Stream Template LibraryRay Lishner, �C++ in a Nutshell�.
typedef basi_istream<har> istream;typedef basi_ostream<har> ostream;typedef basi_iostream<har> iostream;The basi templates are parameterized over the harater type.Wolfgang Shreiner http://www.ris.uni-linz.a.at 6/82Struture of the LibraryClass iostream: reading and writing harater sequenes.Header <iostream>.Inherits from both istream and ostream.Class fstream: reading and writing from/to �les.Header <fstream>.Inherits from iostream.Classes ifstream/ofstream with restrited interfaes.Class stringstream: reading and writing from/to stringsHeader <sstream>.Inherits from iostream.Classes istringstream/ostringstream with restrited interfaes.Objets in and out/err/log.Standard streams for input and for output/errors/logging.Wide harater ounterparts are pre�xed by �w� (wiostream, win, . . . ).Wolfgang Shreiner http://www.ris.uni-linz.a.at 7/82

I/O Flavors of the LibraryIs the harater sequene interpreted by the I/O stream or not?Text input/output (�formatted I/O�)Charater sequene is in some way interpreted.E.g. for onversion of harater sequene from/to another datatype.Conversion ontrolled by the stream's loale (formatting preferenes).Adjusted by e.g. applying stream manipulators.I/O operators << and >>.Binary input/output (�unformatted I/O�)Sequene of haraters is transferred without interpretation.Charaters are onsidered as plain bytes.Input funtions e.g. get and read.Output funtions e.g. put and write.We will investigate both �avors.Wolfgang Shreiner http://www.ris.uni-linz.a.at 8/82



1. Overview2. Text Input/Output3. Error Handling4. File Streams5. Binary Input/Output6. File System OperationsWolfgang Shreiner http://www.ris.uni-linz.a.at 9/82
I/O OperatorsFor formatted I/O, the shift operators are overloaded as memberfuntions of the orresponding stream lasses.Writing: operator<<out << val : write value val to output stream out.Reading: operator>>in >> var : read value from input stream in into variable var.Typial: haining of multiple operations on a stream.Write multiple values to an output stream:out << val1 << val2 << ...;Read multiple values from an input stream:in >> var1 >> var2 >> ...;The operators an be also overloaded for user-de�ned datatypes.Wolfgang Shreiner http://www.ris.uni-linz.a.at 10/82Making a Class Writable to a StreamD. Ryan Stephens et al, �C++ Cookbook�.#inlude <iostream>#inlude <string>using namespae std;...int main( ) {Employee emp;string first = "William";string last = "Shatner";emp.setFirstName(first);emp.setLastName(last);Employer empr;string name = "Enterprise";empr.setName(name);emp.setEmployer(empr);out << emp; // Write to the stream}Wolfgang Shreiner http://www.ris.uni-linz.a.at 11/82

Making a Class Writable to a Streamlass Employer {friend ostream& operator<< // This has to be a friend(ostream& out, onst Employer& empr); // so it an aess non-publi: // publi membersEmployer( ) {}~Employer( ) {}void setName(onst string& name) {name_ = name;}private:string name_;};// Allow us to send Employer objets to an ostream...ostream& operator<<(ostream& out, onst Employer& empr) {out << empr.name_ << endl;return(out);}Wolfgang Shreiner http://www.ris.uni-linz.a.at 12/82



Making a Class Writable to a Streamlass Employee {friend ostream& operator<< (ostream& out, onst Employee& obj);publi:Employee( ) : empr_(NULL) {}~Employee( ) {if (empr_) delete empr_;}void setFirstName(onst string& name) {firstName_ = name;}void setLastName(onst string& name) {lastName_ = name;}void setEmployer(Employer& empr) {empr_ = &empr;}onst Employer* getEmployer( ) onst {return(empr_);}private:string firstName_;string lastName_;Employer* empr_;};// Allow us to send Employee objets to an ostream...ostream& operator<<(ostream& out, onst Employee& emp) {out << emp.firstName_ << endl;out << emp.lastName_ << endl;if (emp.empr_) out << *emp.empr_ << endl;return(out);}Wolfgang Shreiner http://www.ris.uni-linz.a.at 13/82
Making a Class Readable from a StreamD. Ryan Stephens et al, �C++ Cookbook� (modi�ed).#inlude <iostream>#inlude <istream>#inlude <string>using namespae std;...int main( ) {Employee emp; Employee emp2;string first = "William"; string last = "Shatner";emp.setFirstName(first); emp.setLastName(last);out << emp;in >> emp2;out << emp2;}Wolfgang Shreiner http://www.ris.uni-linz.a.at 14/82Making a Class Readable from a Streamlass Employee {friend ostream& operator<< // These have to be friends(ostream& out, onst Employee& emp); // so they an aessfriend istream& operator>> // nonpubli members(istream& in, Employee& emp);publi:Employee( ) {}~Employee( ) {}void setFirstName(onst string& name) {firstName_ = name;}void setLastName(onst string& name) {lastName_ = name;}private:string firstName_;string lastName_;};Wolfgang Shreiner http://www.ris.uni-linz.a.at 15/82

Making a Class Readable from a Stream// Send an Employee objet to an ostream...ostream& operator<<(ostream& out, onst Employee& emp) {out << emp.firstName_ << endl;out << emp.lastName_ << endl;return(out);}// Read an Employee objet from a streamistream& operator>>(istream& in, Employee& emp) {in >> emp.firstName_;in >> emp.lastName_;return(in);}Wolfgang Shreiner http://www.ris.uni-linz.a.at 16/82



I/O ManipulatorsManipulators an be inserted into a stream to in�uene its behavior.out << val1 << endl << val2 ; // insert new linein >> var1 >> ws >> var2 ; // eat white spae<iostream>: input/output manipulators.endl: insert new line and �ush.ends: insert null harater and �ush.flush: �ush stream bu�er.ws: eat white spae.<ios>: formatting �ags manipulators.de/hex/ot: use deimal/hexadeimal/otal number base.skipws/noskipws: (do not) skip white spae.. . .<iomanip>: parameterized manipulators.setpreision(n): set output preision to n digits.setw(n): set �eld width of output to n haraters.. . .Wolfgang Shreiner http://www.ris.uni-linz.a.at 17/82
I/O Manipulatorsplusplus.om: �C++ Referene�.Independent flags (swith on):boolalpha Alphanumerial bool values (manipulator funtion)showbase Show numerial base prefixes (manipulator funtion)showpoint Show deimal point (manipulator funtion)showpos Show positive signs (manipulator funtion)skipws Skip whitespaes (manipulator funtion)unitbuf Flush buffer after insertions (manipulator funtion)upperase Generate upper-ase letters (manipulator funtion)Independent flags (swith off):noboolalpha No alphanumerial bool values (manipulator funtion)noshowbase Do not show numerial base prefixes (manipulator funtion)noshowpoint Do not show deimal point (manipulator funtion)noshowpos Do not show positive signs (manipulator funtion)noskipws Do not skip whitespaes (manipulator funtion)nounitbuf Do not fore flushes after insertions (manipulator funtion)noupperase Do not generate upper ase letters (manipulator funtion)Wolfgang Shreiner http://www.ris.uni-linz.a.at 18/82Exampleplusplus.om: �C++ Referene�.#inlude <iostream>using namespae std;int main () {har a[10℄, b[10℄;in >> noskipws;in >> a >> ws >> b;out << a << "," << b << endl;return 0;}Input:onetwoOutput:one,twoWolfgang Shreiner http://www.ris.uni-linz.a.at 19/82

I/O ManipulatorsNumerial base format flags ("basefield" flags):de Use deimal base (manipulator funtion)hex Use hexadeimal base (manipulator funtion)ot Use otal base (manipulator funtion)Floating-point format flags ("floatfield" flags):fixed Use fixed-point notation (manipulator funtion)sientifi Use sientifi notation (manipulator funtion)Adustment format flags ("adjustfield" flags):internal Adjust field by inserting haraters at an internal position (m.f.)left Adjust output to the left (manipulator funtion)right Adjust output to the right (manipulator funtion)Input manipulatorsws Extrat whitespaes (manipulator funtion)Output manipulatorsendl Insert newline and flush (manipulator funtion)ends Insert null harater (manipulator funtion)flush Flush stream buffer (manipulator funtion)Wolfgang Shreiner http://www.ris.uni-linz.a.at 20/82



Exampleplusplus.om: �C++ Referene�.#inlude <iostream>using namespae std;int main () {int n;n=70;out << de << n << endl;out << hex << n << endl;out << ot << n << endl;return 0;}7046106Wolfgang Shreiner http://www.ris.uni-linz.a.at 21/82
I/O Manipulatorsplusplus.om: �C++ Referene�.Parameterized manipulatorsThese funtions take parameters when used as manipulators. They require theexpliit inlusion of the header file <iomanip>.setiosflags Set format flags (manipulator funtion)resetiosflags Reset format flags (manipulator funtion)setbase Set basefield flag (manipulator funtion)setfill Set fill harater (manipulator funtion)setpreision Set deimal preision (manipulator funtion)setw Set field width (manipulator funtion)

Wolfgang Shreiner http://www.ris.uni-linz.a.at 22/82Exampleplusplus.om: �C++ Referene�.#inlude <iostream>#inlude <iomanip>using namespae std;int main () {double f = 3.14159;out << setpreision (5) << f << endl; // up to 5 digits (both sides of ".")out << setpreision (9) << f << endl; // up to 9 digits (both sides of ".")out << fixed;out << setpreision (5) << f << endl; // exatly 5 digits to the right of "."out << setpreision (9) << f << endl; // exatly 9 digits to the right of "."return 0;}3.14163.141593.141593.141590000Wolfgang Shreiner http://www.ris.uni-linz.a.at 23/82
Exampleplusplus.om: �C++ Referene�.#inlude <iostream>using namespae std;int main () {int n;n=-77;out << setw(6);out << internal << n << endl;out << left << n << endl;out << right << n << endl;return 0;}- 77-77-77Wolfgang Shreiner http://www.ris.uni-linz.a.at 24/82



What is a Manipulator?plusplus.om: �C++ Referene�.ios_base& skipws ( ios_base& str );Skip whitespaesSets the skipws format flag for the str stream.When the skipws format flag is set, as many whitespae haraters as neessaryare read and disarded from the stream until a non-whitespae harater isfound before every extration operation. Tab spaes, arriage returns andblank spaes are all onsidered whitespaes.This flag an be unset with the noskipws manipulator, foring extrationoperations to onsider leading whitepaes as part of the ontent to beextrated.The skipws flag is set in standard streams on initialization.A manipulator is just a funtion on a stream (and an be diretly alled).Wolfgang Shreiner http://www.ris.uni-linz.a.at 25/82
I/O Operations and Manipulatorsplusplus.om: �C++ Referene�.istream::operator>> publi member funtionistream& operator>> (ios_base& ( *pf )(ios_base&));ostream::operator<< publi member funtionostream& operator<< (ios_base& ( *pf )(ios_base&));This member funtions has a pointer to a funtion as parameter. It isdesigned to be used with a manipulator funtion. Manipulator funtions arefuntions speifially designed to be easily used with this operator.The I/O operators are overloaded to aept manipulators and all themon the respetive streams.

Wolfgang Shreiner http://www.ris.uni-linz.a.at 26/82Streams and Manipulatorsplusplus.om: �C++ Referene�.ios_base lassThe ios_base lass is designed to be a base lass for all of the hierarhy ofstream lasses, desribing the most basi part of a stream, whih is ommonto all stream objets. Therefore, it is not designed to be diretlyinstantiated into objets.The ios_base lass is in harge of maintaining internally the followinginformation of a stream:Formatting information...State information...Other...Manipulators modify the formatting/state information of a stream objets.Wolfgang Shreiner http://www.ris.uni-linz.a.at 27/82
Stream Formatting Informationplusplus.om: �C++ Referene�.Formatting information* format flags: a set of internal indiators desribing how ertaininput/output operations shall be interpreted or generated. The state of theseindiators an be obtained or modified by alling the members flags, setfand unsetf.* field width: desribes the width of the next element to be output. Thisvalue an be obtained/modified by alling the member funtion width.* display preision: desribes the deimal preision to be used to outputfloating-point values. This value an be obtained/modified by alling member preision.* loale objet: desribes the loalization properties to be onsidered whenformatting i/o operations. The loale objet used an be obtained allingmember getlo and modified using imbue.Wolfgang Shreiner http://www.ris.uni-linz.a.at 28/82



Format Flagsios_base::setf publi member funtionfmtflags setf ( fmtflags fmtfl );fmtflags setf ( fmtflags fmtfl, fmtflags mask );The first syntax sets the stream's format flags whose bits are set in fmtflleaving unhanged the rest.The seond syntax sets the flags whose bits are set in both fmtfl and mask,and lears the format flags whose bits are set in mask but not in fmtf. ...The first syntax of setf is generally used to set unary format flags:boolalpha, showbase, showpoint, showpos, skipws, unitbuf and upperase, whihan also be unset diretly with unsetf.On the other hand, the seond syntax is generally used to set a value for oneof the seletive flags, using one of the field bitmasks as the mask argument:fmtfl maskleft, right or internal adjustfieldde, ot or hex basefieldsientifi or fixed floatfieldWolfgang Shreiner http://www.ris.uni-linz.a.at 29/82
Exampleplusplus.om: �C++ Referene�.#inlude <iostream>using namespae std;int main () {out.setf ( ios::hex, ios::basefield ); // set hex as the basefieldout.setf ( ios::showbase ); // ativate showbaseout << 100 << endl;out.setf ( 0, ios::showbase ); // deativate showbaseout << 100 << endl;return 0;}0x6464Set �ags diretly on stream objet.Wolfgang Shreiner http://www.ris.uni-linz.a.at 30/82Exampleplusplus.om: �C++ Referene�.#inlude <iostream>#inlude <iomanip>using namespae std;int main () {out << hex << setiosflags (ios_base::showbase | ios_base::upperase);out << 77 << endl;return 0;}0X4DUse stream manipulator for setting �ags.Wolfgang Shreiner http://www.ris.uni-linz.a.at 31/82

ExampleD. Ryan Stephens et al: �C++ Cookbook�.#inlude <iostream>#inlude <iomanip>#inlude <string>using namespae std;int main( ) {ios_base::fmtflags flags = out.flags( ); // save format flagsstring first, last, itystate;int width = 20;first = "Rihard"; last = "Stevens"; itystate = "Tuson, AZ";out << left // Left-justify in eah field<< setw(width) << first // Then, repeatedly set the width<< setw(width) << last // and write some data<< setw(width) << itystate << endl;out.flags(flags); // restore format flags}Rihard Stevens Tuson, AZWolfgang Shreiner http://www.ris.uni-linz.a.at 32/82



String Streamsplusplus.om: �C++ Referene�stringstream lass (header <sstream>)Input/output string stream lassstringstream provides an interfae to manipulate strings as if they wereinput/output streams.The objets of this lass maintain internally a pointer to a stringbuf objetthat an be obtained/modified by alling member rdbuf. This streambuf-derivedobjet ontrols a sequene of haraters (string) that an beobtained/modified by alling member str.We an use I/O operations to onstrut strings and parse them.

Wolfgang Shreiner http://www.ris.uni-linz.a.at 33/82
Exampleplusplus.om: �C++ Referene� (modi�ed).#inlude <iostream>#inlude <sstream>using namespae std;int main () {int val;stringstream ss;ss << "120 42 377 6 5 2000";for (int n=0; n<6; n++){ ss >> val;out << val*2 << endl;}return 0;}Wolfgang Shreiner http://www.ris.uni-linz.a.at 34/82Example: Writing a Rational NumberRay Lishner, �C++ in a Nutshell�.// Print a rational number as two integers separated by a slash.// Use a string stream so the two numbers are written without padding,// and the overall formatted string is then padded to the desired width.template<typename T, typename harT, typename traits>::std::basi_ostream<harT, traits>&operator<<(::std::basi_ostream<harT, traits>& out,onst rational<T>& r){ // Use the same flags, loale, et. to write the// numerator and denominator to a string stream.::std::basi_ostringstream<harT, traits> s;s.flags(out.flags());s.imbue(out.getlo());s.preision(out.preision());s << r.numerator() << '/' << r.denominator();// Write the string to out, padding the entire fration as needed.out << s.str();return out;}Wolfgang Shreiner http://www.ris.uni-linz.a.at 35/82

1. Overview2. Text Input/Output3. Error Handling4. File Streams5. Binary Input/Output6. File System OperationsWolfgang Shreiner http://www.ris.uni-linz.a.at 36/82



Stream State Informationplusplus.om: �C++ Referene�.State information* error state: internal indiator refleting the integrity and urrent errorstate of the stream. The urrent objet may be obtained by allingios::rdstate and an be modified by alling ios::lear andios::setstate. Individual values may be obtained by alling ios::good,ios::eof, ios::fail and ios::bad.* exeption mask: internal exeption status indiator. Its value an beretrieved/modified by alling member ios::exeptions.It is important to hek the suess of an I/O operation.

Wolfgang Shreiner http://www.ris.uni-linz.a.at 37/82
Error Stateplusplus.om: �C++ Referene�.ios_base::iostate publi member typeBitmask type to represent stream error state flags.All stream objets keep internally information on the state of the objet thatan be retrieved as an element of this type by alling member funtionios::rdstate or set by alling ios::setstate.The values passed and retrieved by these funtions an be any valid ombination(using the boolean or operator, "|") of the following member onstants:flag value indiateseofbit End-Of-File reahed while performing an extrating operationon an input stream.failbit The last input operation failed beause of an error relatedto the internal logi of the operation itself.badbit Error due to the failure of an I/O operation on the stream buffer.goodbit No error. Represents the absene of all the above (value zero).Wolfgang Shreiner http://www.ris.uni-linz.a.at 38/82Reading and Writing State Informationplusplus.om: �C++ Referene�.ios::... publi member funtionsiostate rdstate ( ) onst;Returns the urrent internal error state flags of the stream.void setstate ( iostate state );Modifies the urrent error state by ombining the error state flags passedas argument with those urrently set for the stream.void lear ( iostate state = goodbit );Sets a new value for the error ontrol state. All the bits in the ontrolstate are replaed by the new ones.Better use the higher-level alternatives.

Wolfgang Shreiner http://www.ris.uni-linz.a.at 39/82
Cheking State Informationplusplus.om: �C++ Referene�.ios::... publi member funtionsbool good ( ) onst;The funtion returns true if none of the stream's error flags are set.bool eof ( ) onst;The funtion returns true if the eofbit stream's error flag has been set.bool fail ( ) onst;The funtion returns true if either the failbit or the badbit is set .bool bad ( ) onst;The funtion returns true if the badbit stream's error flag is set.// Automati onversion of error status to bool// (atual implementation is a bit different)operator bool() onst { !fail(); } // onversion operatorHigher-level ways of heking the status of a stream.Wolfgang Shreiner http://www.ris.uni-linz.a.at 40/82



Cheking State Informationplusplus.om: �C++ Referene�.#inlude <iostream>#inlude <fstream>using namespae std;int main () {ifstream is;is.open ("test.txt");if ((is.rdstate() & ifstream::failbit ) != 0) // alternative: if (is.fail())err << "Error opening 'test.txt'\n"; // even simpler: if (!is)return 0;}Espeially important for �le input/output (see later).Wolfgang Shreiner http://www.ris.uni-linz.a.at 41/82
Reading a Sequene of ValuesA ommon pattern for reading a sequene of values.while (true){ int input;in >> input;if (!in) break;... // proess input} After last item has been read, eofbit is set on input stream.in.eof() yields �true�.On next attempt on reading item, failbit is set on input stream.in.fail() yields �true�.!in yields �false�.Chek status of input stream after every read operation!Wolfgang Shreiner http://www.ris.uni-linz.a.at 42/82Example: Reading a Rational NumberRay Lishner, �C++ in a Nutshell�.// Read a rational number, e.g. "2/3" or "-14/19".template<typename T, typename harT, typename traits>::std::basi_istream<harT, traits>&operator>>(::std::basi_istream<harT, traits>& in, rational<T>& r){ rational<T>::numerator_type n;rational<T>::denominator_type d;har ;if (! (in >> n)) return in;if (! (in >> )) return in;if ( != '/') {in.setstate(::std::ios_base::failbit);return in;}if (! (in >> d)) return in;r.set(n, d);return in;}Wolfgang Shreiner http://www.ris.uni-linz.a.at 43/82

I/O Errors and ExeptionsRather than setting error bits, streams may also raise exeptions.Every stream has an exeption mask.Set of failure onditions for whih exeptions are thrown.By default, the exeption mask is empty.Publi member funtion ios::exeptionsOverloaded for setting/getting a stream's exeption mask.s.exeptions(mask );Sets exeption mask of s to mask.in.exeptions(ios_base::badbit | ios_base::failbit);iostate mask = s.exeptions();Gets exeption mask of s to mask.iostate mask = in.exeptions();in.exeptions(mask | ios_base::badbit);May onsiderably simplify the handling of I/O errors.Wolfgang Shreiner http://www.ris.uni-linz.a.at 44/82



Example: Handling I/O ErrorsRay Lishner, �C++ in a Nutshell� (modi�ed).#inlude <exeption>#inlude <iostream>#inlude <string>using namespae std;int main() {try {in.exeptions(ios_base::badbit); // badbit (but not failbit)out.exeptions(ios_base::badbit); // triggers exeptionwhile (true) {string word;in >> word;if (!in) break; // failbit is hekedout << word << endl;}}...}Wolfgang Shreiner http://www.ris.uni-linz.a.at 45/82
Example: Handling I/O Errors (Contd)#inlude <exeption>#inlude <iostream>#inlude <string>using namespae std;int main() {try {...} ath(ios_base::failure& ex) {err << "I/O error: " << ex.what() << '\n';return 1;} ath(exeption& ex) {err << "Fatal error: " << ex.what() << '\n';return 2;} ath(...) {err << "Total disaster.\n";return 3;}}Wolfgang Shreiner http://www.ris.uni-linz.a.at 46/82

1. Overview2. Text Input/Output3. Error Handling4. File Streams5. Binary Input/Output6. File System OperationsWolfgang Shreiner http://www.ris.uni-linz.a.at 47/82
File Streamsplusplus.om: �C++ Referene�.fstreamInput/output file stream lassfstream provides an interfae to read and write data from files asinput/output streams.The objets of this lass maintain internally a pointer to a filebuf objetthat an be obtained by alling member rdbuf.The file to be assoiated with the stream an be speified either as aparameter in the onstrutor or by alling member open.After all neessary operations on a file have been performed, it an be losed(or disassoiated) by alling member lose. One losed, the same file streamobjet may be used to open another file.The member funtion is_open an be used to determine whether the stream objetis urrently assoiated with a file.File streams represent the ontents of �les (not the �le system data).Wolfgang Shreiner http://www.ris.uni-linz.a.at 48/82



Examples#inlude <fstream>#inlude <iostream>using namespae std;// read from file in.txt, let onstrutor open fileint main () {fstream in ("in.txt", fstream::in);if (!in) return;// input operations (in >> var)in.lose();return 0;}// append to file out.txt, all open() for opening fileint main () {fstream out;out.open("out.txt", fstream::out | fstream::app);if (!out) return;// output operations (out << value)out.lose();return 0;}Wolfgang Shreiner http://www.ris.uni-linz.a.at 49/82
Construting a File Streamplusplus.om: �C++ Referene�.fstream::fstream onstrutor memberfstream ( );expliit fstream ( onst har * filename,ios_base::openmode mode = ios_base::in | ios_base::out );Construt objet and optionally open fileConstruts an objet of the fstream lass. This implies the initialization ofthe assoiated filebuf objet and the all to the onstrutor of its baselass with the filebuf objet as parameter.Additionally, when the seond onstrutor version is used, the stream isassoiated with a physial file as if a all to the member funtion open withthe same parameters was made.If the onstrutor is not suessful in opening the file, the objet is stillreated although no file is assoiated to the stream buffer and the stream'sfailbit is set (whih an be heked with inherited member fail).Wolfgang Shreiner http://www.ris.uni-linz.a.at 50/82Opening a File Streamplusplus.om: �C++ Referene�.fstream::open publi member funtionvoid open ( onst har * filename,ios_base::openmode mode = ios_base::in | ios_base::out );Open fileOpens a file whose name is s, assoiating its ontent with the stream objetto perform input/output operations on it. The operations allowed and someoperating details depend on parameter mode.The funtion effetively alls rdbuf()->open(filename,mode).If the objet already has a file assoiated (open), the funtion fails.On failure, the failbit flag is set (whih an be heked with member fail),and depending on the value set with exeptions an exeption may be thrown.Wolfgang Shreiner http://www.ris.uni-linz.a.at 51/82

File Modesios_base::openmode publi member typeBitmask type to represent stream opening mode flags.A value of this type anbe any valid ombination of the following member onstants:flag value opening mode-------------------------------------------------------------------------app (append) Set the stream's position indiator to the end ofthe stream before eah output operation.ate (at end) Set the stream's position indiator to the end ofthe stream on opening.binary (binary) Consider stream as binary rather than text.in (input) Allow input operations on the stream.out (output) Allow output operations on the stream.trun (trunate) Any urrent ontent is disarded,assuming a length of zero on opening.These onstants are defined in the ios_base lass as publimembers. Therefore, they an be refered to either diretly by their name asios_base members (like ios_base::in) or by using any of their inheritedlasses or instantiated objets, like for example ios::ate or out.out.Wolfgang Shreiner http://www.ris.uni-linz.a.at 52/82



Closing a File Streamplusplus.om: �C++ Referene�.fstream::lose publi member funtionvoid lose ( );Close fileCloses the file urrently assoiated with the objet, disassoiating it fromthe stream. Any pending output sequene is written to the physial file.The funtion effetively alls rdbuf()->lose().The funtion fails if no file is urrently open (assoiated) with this objet.On failure, the failbit internal state flag is set (whih an be heked withmember fail), and depending on the value set with exeption an exeption maybe thrown.Before a �le stream is losed, it is not guaranteed that data are on disk.Wolfgang Shreiner http://www.ris.uni-linz.a.at 53/82
Flushing a Streamplusplus.om: �C++ Referene�.ostream::flush publi member funtionostream& flush ( );Flush output stream bufferSynhronizes the buffer assoiated with the stream to its ontrolled outputsequene. This effetively means that all unwritten haraters in the bufferare written to its ontrolled output sequene as soon as possible ("flushed").The funtion only has meaning for buffered streams, in whih ase iteffetively alls the pubsyn member of the streambuf objet(rdbuf()->pubsyn()) assoiated to the stream.A manipulator exists with the same name and behavior (see flush manipulator).Typially applied in long running programs to make sure that outputgenerated so far is on disk (not all data are lost when omputer fails).Wolfgang Shreiner http://www.ris.uni-linz.a.at 54/82Exampleplusplus.om: �C++ Referene�.#inlude <fstream>using namespae std;int main () {fstream outfile ("test.txt", ios::out);for (int n=0; n<100; n++) {outfile << n << " "; // alternative: outfile << n << " " << flush;outfile.flush();}outfile.lose();return 0;}Wolfgang Shreiner http://www.ris.uni-linz.a.at 55/82

Input/Output File Streamsplusplus.om: �C++ Referene�.ifstream lassInput file streamifstream provides an interfae to read data from files as input streams.ifstream( );expliit ifstream (onst har* filename, ios_base::openmode mode = ios_base::in);void open(onst har* filename, ios_base::openmode mode = ios_base::in);ofstream lassOutput file streamofstream provides an interfae to write data to files as output streams.ofstream( );expliit ofstream(onst har* filename, ios_base::openmode mode = ios_base::out);void open(onst har* filename, ios_base::openmode mode = ios_base::out);Speialized to support only the orresponding read/write operations.Wolfgang Shreiner http://www.ris.uni-linz.a.at 56/82



Copying a File of Integers#inlude <iostream>#inlude <fstream>using namespae std;int intFileCopy(har* inName, har* outName) throw(string);int main(int arg, har* argv[℄) {if (arg != 3) {out << "Usage: intCopy <infile> <outfile>" << endl;return -1;}try {int n = intFileCopy(argv[1℄, argv[2℄);out << n << " values opied" << endl;}ath(string& message) {err << "Error: " << message << endl;}return 0;}Wolfgang Shreiner http://www.ris.uni-linz.a.at 57/82
Copying a File of Integers (Contd)int intFileCopy(har* inName, har* outName) throw(string) {ifstream in(inName);if (!in) throw string("ould not open input file");ofstream out(outName);if (!out) { in.lose(); throw string("ould not open output file"); }int i = 0;while (true) {int input;in >> input;if (!in) break;out << input << endl;i = i+1;}in.lose();out.lose();return i;}Wolfgang Shreiner http://www.ris.uni-linz.a.at 58/82

1. Overview2. Text Input/Output3. Error Handling4. File Streams5. Binary Input/Output6. File System OperationsWolfgang Shreiner http://www.ris.uni-linz.a.at 59/82
Binary Input: Byte Sequenesplusplus.om: �C++ Referene�.istream::get publi member funtionistream& get ( har* s, streamsize n );Extrats haraters from the stream and stores them as a -string into thearray beginning at s. Charaters are extrated until either (n - 1)haraters have been extrated or the delimiting harater '\n' is found. ...If the delimiting harater is found, it is not extrated from the inputsequene and remains as the next harater to be extrated. Use getline ifyou want this harater to be extrated (and disarded). The ending nullharater that signals the end of a -string is automatially appended at theend of the ontent stored in s.istream::get publi member funtionistream& get ( har* s, streamsize n, har delim );Same as above, exept that delimiting harater is speified in delim.Reading delimited byte sequenes into bu�ers (preserving the delimiter).Wolfgang Shreiner http://www.ris.uni-linz.a.at 60/82



Binary Input: Byte Sequenesistream::getline publi member funtionistream& getline (har* s, streamsize n );istream& getline (har* s, streamsize n, har delim );Extrats haraters from the input sequene and stores them as a -string intothe array beginning at s.Charaters are extrated until either (n - 1) haraters have been extratedor the delimiting harater is found (whih is delim if this parameter isspeified, or '\n' otherwise). The extration also stops if the end of fileis reahed in the input sequene or if an error ours during the input operation.If the delimiter is found, it is extrated and disarded, i.e. it is notstored and the next input operation will begin after it. If you don't wantthis harater to be extrated, you an use member get instead.The ending null harater that signals the end of a -string is automatiallyappended to s after the data extrated. The number of haraters read by thisfuntion an be obtained by alling to the member funtion gount.Reading delimited byte sequenes as C strings (disarding the delimiter).Wolfgang Shreiner http://www.ris.uni-linz.a.at 61/82
Binary Input: Byte Sequenesplusplus.om: �C++ Referene�.getline funtion (header <string>)istream& getline ( istream& is, string& str, har delim );istream& getline ( istream& is, string& str );Extrats haraters from is and stores them into str until a delimitationharater is found.The delimiter harater is delim for the first funtion version, and '\n'(newline harater) for the seond. The extration also stops if the end offile is reahed in is or if some other error ours during the inputoperation.If the delimiter is found, it is extrated and disarded, i.e. it is notstored and the next input operation will begin after it.Notie that unlike the -string versions of istream::getline, these stringversions are implemented as global funtions instead of members of the lass.Reading delimited byte sequenes as C++ strings (disarding delimiter).Wolfgang Shreiner http://www.ris.uni-linz.a.at 62/82Example: Copying a File Line-Wise#inlude <iostream>#inlude <fstream>#inlude <string>using namespae std;onst stati int BUF_SIZE = 4096;int main(int arg, har** argv) {ifstream in(argv[1℄);ofstream out(argv[2℄);if (!in || !out) return -1;while(true) {string s;getline(in, s);if (!in) break;out << s << endl;}in.lose( ); out.lose( );return 0;}Wolfgang Shreiner http://www.ris.uni-linz.a.at 63/82

Binary Input/Output: Bytesplusplus.om: �C++ Referene�.istream::get publi member funtionint get();Extrats a harater from the stream and returns its value (asted to int).istream::get publi member funtionistream& get ( har&  );Extrats a harater from the stream and stores it in .ostream::put publi member funtionostream& put ( har  );Writes the harater  to the output buffer at the urrent put position andinreases the put pointer to point to the next harater.Reading/writing individual bytes from/to input/output stream.Wolfgang Shreiner http://www.ris.uni-linz.a.at 64/82



Example: Copying a File Byte-Wiseplusplus.om: �C++ Referene� (modi�ed)#inlude <iostream>#inlude <fstream>using namespae std;int main(int arg, har** argv) {ifstream in(argv[1℄, ios_base::in | ios_base::binary);ofstream out(argv[2℄, ios_base::out | ios_base::binary);if (!in || !out) return -1;while(true) {har h = in.get();if (!in) break;out.put(h);}in.lose(); out.lose();return 0;}Wolfgang Shreiner http://www.ris.uni-linz.a.at 65/82
Binary Input: Bloksplusplus.om: �C++ Referene�.istream::read publi member funtionistream& read ( har* s, streamsize n );Reads a blok of data of n haraters and stores it in the array pointed by s.If the End-of-File is reahed before n haraters have been read, the arraywill ontain all the elements read until it, and the failbit and eofbit willbe set (whih an be heked with members fail and eof respetively).Notie that this is an unformatted input funtion and what is extrated is notstored as a -string format, therefore no ending null-harater is appendedat the end of the harater sequene.istream::gount publi member funtionstreamsize gount ( ) onst;Returns the number of haraters extrated by the last unformatted inputoperation performed on the objet.Reading byte bloks of �xed size from the input stream.Wolfgang Shreiner http://www.ris.uni-linz.a.at 66/82Binary Output: Bloksplusplus.om: �C++ Referene�.ostream::write publi member funtionostream& write ( onst har* s , streamsize n );Writes the blok of data pointed by s, with a size of n haraters, into theoutput buffer. The haraters are written sequentially until n have been written.This is an unformatted output funtion and what is written is not neessarilya -string, therefore any null-harater found in the array s is opied tothe destination and does not end the writing proess.Writing byte bloks of �xed size to the output stream.

Wolfgang Shreiner http://www.ris.uni-linz.a.at 67/82
Example: Copying a File Blok-WiseD. Ryan Stephens et al, �C++ Cookbook� (modi�ed).#inlude <iostream>#inlude <fstream>using namespae std;onst stati int BUF_SIZE = 4096;int main(int arg, har** argv) {ifstream in(argv[1℄, ios_base::in | ios_base::binary);ofstream out(argv[2℄, ios_base::out | ios_base::binary);if (!in || !out) return -1;while(true) {har buf[BUF_SIZE℄;in.read(&buf[0℄, BUF_SIZE); if (!in) return -1;if (in.gount() == 0) break;out.write(&buf[0℄, in.gount( )); if (!out) return -1;}in.lose( ); out.lose( );return 0;}Wolfgang Shreiner http://www.ris.uni-linz.a.at 68/82



Get Pointer Manipulationplusplus.om: �C++ Referene�.The get pointer determines the next loation in the input sequene to be readby the next input operation.istream::* publi member funtionstreampos tellg ( );Returns the absolute position of the get pointer.istream& seekg ( streampos pos );istream& seekg ( streamoff off, ios_base::seekdir dir );Set position of the get pointer.dir offset is relative to...ios_base::beg beginning of the stream bufferios_base::ur urrent position in the stream bufferios_base::end end of the stream bufferRandom read aess to the ontents of a �le stream is possible.Wolfgang Shreiner http://www.ris.uni-linz.a.at 69/82
Exampleplusplus.om: �C++ Referene� (modi�ed)#inlude <iostream>#inlude <fstream>using namespae std;int main () {ifstream is("test.txt", ios::binary);is.seekg (0, ios::end);int length = is.tellg();is.seekg (0, ios::beg);har* buffer = new har [length℄;is.read (buffer,length);is.lose();out.write (buffer,length);delete[℄ buffer;return 0;}Wolfgang Shreiner http://www.ris.uni-linz.a.at 70/82Put Pointer Manipulationplusplus.om: �C++ Referene�.The put pointer determines the next loation in the output sequene where thenext output operation is going to take plae.ostream::* publi member funtionstreampos tellp ( );Returns the absolute position of the put pointer.ostream& seekp ( streampos pos );ostream& seekp ( streamoff off, ios_base::seekdir dir );Set position of the put pointerdir offset is relative to...ios_base::beg beginning of the stream bufferios_base::ur urrent position in the stream bufferios_base::end end of the stream bufferRandom write aess to the ontents of a �le stream is possible.Wolfgang Shreiner http://www.ris.uni-linz.a.at 71/82

Exampleplusplus.om: �C++ Referene� (modi�ed)#inlude <fstream>using namespae std;int main () {long pos;ofstream outfile("test.txt");outfile.write ("This is an apple",16);pos=outfile.tellp();outfile.seekp (pos-7);outfile.write (" sam",4);outfile.lose();return 0;}This is a sampleWolfgang Shreiner http://www.ris.uni-linz.a.at 72/82



Stream Bu�ersAll stream I/O is automatially bu�ered in memory.I/O streams have bu�er objets assoiated to them.ios::rdbuf publi member funtionstreambuf* rdbuf ( ) onst; // get stream bufferstreambuf* rdbuf ( streambuf* sb ); // set stream bufferCopying of streams possible by referring to their bu�ers.// opy as many haraters as possible from/to sbostream& operator<< (streambuf* sb );istream& operator>> (streambuf* sb );// opy whole ontent of in to outout << in.rdbuf(); // first alternativein >> out.rdbuf(); // seond alternativeThe expliit use of bu�ers allows the rediretion of streams.Wolfgang Shreiner http://www.ris.uni-linz.a.at 73/82
1. Overview2. Text Input/Output3. Error Handling4. File Streams5. Binary Input/Output6. File System OperationsWolfgang Shreiner http://www.ris.uni-linz.a.at 74/82File System OperationsD. Ryan Stephens et al: C++ Cookbook (modi�ed)#inlude <iostream>#inlude <time>#inlude <sys/types.h>#inlude <sys/stat.h>#inlude <errno>#inlude <string>int main(int arg, har** argv ) { // usage: fileinfo <filename>strut stat fileInfo;if (stat(argv[1℄, &fileInfo) != 0) return(EXIT_FAILURE);if ((fileInfo.st_mode & S_IFMT) == S_IFDIR)std::out << "Type: Diretory\n";elsestd::out << "Type: File\n";std::out << "Size: " << fileInfo.st_size << '\n';std::out << "Devie: " << (har)(fileInfo.st_dev + 'A') << '\n';std::out << "Created: " << std::time(&fileInfo.st_time);std::out << "Modified: " << std::time(&fileInfo.st_mtime);}For operating on the �le system level, C system alls are needed.Wolfgang Shreiner http://www.ris.uni-linz.a.at 75/82

Deleting a FileD. Ryan Stephens et al: C++ Cookbook (modi�ed)#inlude <iostream>#inlude <stdio>#inlude <errno>using namespae std;// Usage: remove <filename>int main(int arg, har** argv) {if (arg != 2) {err << "You must supply a file name to remove." << endl;return(EXIT_FAILURE);}if (remove(argv[1℄) != 0) { // remove( ) returns non-0 on errorerr << "Error: " << strerror(errno) << endl;return(EXIT_FAILURE);}elseout << "File '" << argv[1℄ << "' removed." << endl;}Wolfgang Shreiner http://www.ris.uni-linz.a.at 76/82



Renaming a FileD. Ryan Stephens et al: C++ Cookbook (modi�ed)#inlude <iostream>#inlude <stdio>#inlude <errno>using namespae std;// Usage: rename <oldname> <newname>int main(int arg, har** argv) {if (arg != 2) {err << "You must supply a file name to rename." << endl;return(EXIT_FAILURE);}if (rename(argv[1℄, argv[2℄) != 0) { // rename( ) returns non-0 on errorerr << "Error: " << strerror(errno) << endl;return(EXIT_FAILURE);}elseout << "File '" << argv[1℄ << "' renamed to '" << argv[2℄ << "'" << endl;}Wolfgang Shreiner http://www.ris.uni-linz.a.at 77/82
Creating a Temporary FileD. Ryan Stephens et al: C++ Cookbook (modi�ed)#inlude <iostream>#inlude <fstream>#inlude <string>#inlude <stdio>using namespae std;int main( ) {ofstream out;har* name = NULL;do { // must retry beause other program might hoose same file namename = tmpnam(NULL);in (!name) return(EXIT_FAILURE);out.open(name);}while(!out);out << "Here is some temporary data.";out.lose( );return 0;}Wolfgang Shreiner http://www.ris.uni-linz.a.at 78/82Creating a DiretoryD. Ryan Stephens et al: C++ Cookbook (modi�ed)#inlude <iostream>#inlude <diret.h>// Usage: mkdir <dirname>int main(int arg, har** argv) {if (arg < 2) {std::err << "Usage: " << argv[0℄ << " [new dir name℄\n";return(EXIT_FAILURE);}if (mkdir(argv[1℄) != 0) { // Create the diretorystd::err << "Error: " << strerror(errno);return(EXIT_FAILURE);}}Wolfgang Shreiner http://www.ris.uni-linz.a.at 79/82

Removing a DiretoryD. Ryan Stephens et al: C++ Cookbook (modi�ed)#inlude <iostream>#inlude <diret.h>using namespae std;// Usage: rmdir <dirname>int main(int arg, har** argv) {if (arg < 2) {err << "Usage: " << argv[0℄ << " [dir name℄" << endl;return(EXIT_FAILURE);}if (rmdir(argv[1℄) != 0) { // Remove the diretoryerr << "Error: " << strerror(errno) << endl;;return(EXIT_FAILURE);}}Wolfgang Shreiner http://www.ris.uni-linz.a.at 80/82



Reading the Contents of a Diretory#inlude <sys/types.h>#inlude <dirent.h>#inlude <errno.h>#inlude <vetor>#inlude <string>#inlude <iostream>using namespae std;vetor<string> *listDir (string dir);// Usage: dir [ <dirname> ℄int main(int arg, har* argv[℄) {string dir;if (arg < 2) dir = "."; else dir = argv[1℄;vetor<string> *files = listDir(dir);if (files == NULL) return -1;for (unsigned int i = 0;i < files->size();i++)out << files->operator[℄(i) << endl;return 0;}Wolfgang Shreiner http://www.ris.uni-linz.a.at 81/82
Reading the Contents of a Diretoryvetor<string> *listDir (string dir) {DIR *dp = opendir(dir._str());if(dp == NULL) return NULL;vetor<string> *files = new vetor<string>;while (true) {strut dirent *dirp = readdir(dp);if (dirp == NULL) break;files->push_bak(string(dirp->d_name));}losedir(dp);return files;}Type strut dirent ontains all meta-data about a diretory entry.Wolfgang Shreiner http://www.ris.uni-linz.a.at 82/82
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