
Appendix B

Restart Library

B.1 Restart Library

This appendixgives the completespecificationsand codefor the restartlibrary. This
library containsfunctionsthatrestartwhenthey havenotfinishedtherequestedoperation
dueto apossiblytemporaryevent.Two maintypesof eventsarehandled:interruptionby
asignalandincompleteI/O.

Many library functions,includingread andwrite, return-1 andseterrno to EINTR
when interruptedby a signal beforeany I/O takes place. This is not a real error, but
indicatesanaturaleventwhensignalsoccurin thepresenceof blockingI/O. Thefunctions
in this library restartwhenthis occurs,makingthiserrortransparentto theuser.

Somefunctionssucha write may returnbeforea full requestis satisfied.Whena
requestis madeto write n bytes,thewrite is consideredsuccessfulwhenany numberof
bytesgreaterthanzerohavebeenwritten. A write mayreturnapositivevaluelessthann
if asignalis caughtbeforetherequestedamounthasbeenwrittenor if anI/O buffer is full,
suchaswhenwriting to apipeor network connection.Typically it is up to theprogramto
handlethiscaseandwrite theremainingbytes.Thefunctionsin therestartlibrary handle
this,simplifying theusercode.

Therestartlibrary includestwo typesof functions.A functionwhosenamestartwith
r_ is a restartversionof a traditionallibrary functionandhasprototypeidenticalto the
correspondingtraditional function. For example, the r_read function takes the same
parametersasread, but restartsthereadif -1 is returnedwith errno setto EINTR. The
completelist of thesefunctionsis shown in thefirst partof TableB.1. For thesefunctions,
the table only describesthe differencesbetweenthe function given and its traditional
counterpart.The interpretationof theparametersdoesnot change.Only thosefunctions
thatareneededby thecodein thebookareincludedin therestartlibrary. Otherfunctions
caneasilybeadded,if needed.
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Prototype Description
int r_close(int fildes) Similar to close.
int r_dup2(int fildes, Similar to dup2.

int fildes2)

int r_open2(const char *path,) Similar to open whencalled
int oflag) with 2 parameters.

int r_open3(const char *path,) Similar to open whencalled
int oflag, mode_t mode) with 3 parameters.

int r_read(int fd, void *buf, Similar to read.
size_t size)

pid_t r_wait(int *stat_loc) Similar to wait.
pid_t r_waitpid(pid_t pid, Similar to waitpid.

int *stat_loc, int options)

int r_write(int fd, void *buf, Similar to write but restartsif fewer
size_t size) thansize bytesarewritten.

Theonly possiblereturnvaluesare
size and-1.

struct timeval returnsastruct timeval

add_to_current_time( correspondingto thecurrenttime plus
double seconds) seconds seconds

int copyfile(int fromfd, Copy bytesfrom oneopenfile
int tofd) descriptorto anotheruntil anendof file

or erroroccurs.
int readblock(int fd, Readsexactlysize bytesinto the

void *buf, size_t size) buffer or returnanerror.
int readline(int fd, Readsa lint into thebuffer buf

char *buf, int nbytes) whichhassizenbytes.
int readwrite(int fromfd, Copy at mostPIPE_BUF bytesfrom

int tofd) oneopenfile descriptorto another.
int readwriteblock(int fromfd, Copy exactlybytes from

int tofd, char *buf, oneopenfile descriptorto another
int size) usingthegivenbuffer.

int waitfdtimed(int fd, Wait for datato beavailableon the
struct timeval end) givenfile descriptoror until timeend.

Table B.1: The functions in the restartlibrary. The first part of the table shows the
functionsthatcorrespondto traditionalfunctions.All functionsin therestartlibrary restart
wheninterruptedby asignal.Noneof themreturn-1 with errno setto EINTR.
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The restartlibrary includesadditionalfunctionsthat do not correspondto any tradi-
tional library functions.Theseincludereadline whichhandlesrestartingwhenasignal
occurs,andreadblock which restartswhenthe requestednumberby byteshasnot yet
beenread.Thesefunctionsareshown in thesecondpartof TableB.1. Thethetableshows
theprototypesandshortdescriptionsof thesefunctions.

The following is a morecompletedescriptionof eachof the functionsin the restart
library.

struct timeval add_to_current_time(double seconds);

Returnastruct timeval thatcorrespondsto thecurrenttime plusseconds
seconds.The gettimeofday function is usedto get the currenttime. The
seconds parameteris convertedto integervaluesrepresentingsecondsandmi-
crosecondsandaddedto thecurrenttime.

int copyfile(int fromfd, int tofd);

Copy bytesfrom openfile descriptorfromfd to openfile descriptortofd until
eitheranendof file or anerroroccurs.Returnthenumberof bytescopied. If
somebytesaresuccessfullycopied,thenno error is returned,even if an error
occurson awrite thatfollowsa successfulread.If -1 is returned,errno is set.

int r_close(int fildes);

This is similar to close. The function deallocatesthe given file descriptor. It
returns0 on successand-1 with errno seton error. This function just calls
close in a loop,restartingif close returns-1 with errno setto EINTR.

int r_dup2(int fildes, int fildes2);

This is similar to dup2. Thefunctionclosesfildes2 if it wasopenandcauses
fildes2 to referto thesamefile asfildes. It returnsfildes2 onsuccessand
-1 with errno seton error. Thefunctionjust callsdup2 in a loop, restartingif
dup2 returns-1 with errno setto EINTR.

int r_open2(const char *path, int oflag);

This is similar to open whencalledwith two parameters.It establishesa con-
nectionbetweena file a anda file descriptor. Theoflag shouldnot have the
O_CREAT bit set. It returnsanopenfile descriptoron successor -1 with errno

setonerror. Thefunctionjust callsopen in a loop,restartingif open returns-1
with errno setto EINTR.

int r_open3(const char *path, int oflag, mode_t mode);

This is similar to open when called with threeparameters.It establishesa
connectionbetweena file a anda file descriptor. The oflag shouldhave the
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O_CREAT bit set. It returnsanopenfile descriptoron successor -1 with errno

setonerror. Thefunctionjust callsopen in a loop,restartingif open returns-1
with errno setto EINTR.

ssize_t r_read(int fd, void *buf, size_t size);

This is similar to read. It readsatmostsize bytesfrom theopenfile descriptor
fd into buf. It returnsthe numberof bytesreadon successor -1 with errno

setonerror. Thefunctionjust callsread in a loop,restartingif read returns-1
with errno setto EINTR.

pid_t r_wait(int *stat_loc);

This is similar to wait. It suspendsexecutionof thecalling threaduntil status
informationfor oneof its terminatedchildrenis available.It returnstheprocess
ID of a terminatedchild processon successor -1 with errno seton error. The
function just callswait in a loop, restartingif wait returns-1 with errno set
to EINTR.

pid_t r_waitpid(pid_t pid, int *stat_loc, int options);

This is similar to waitpid. It suspendsexecutionof thecalling threaduntil sta-
tusinformationis availablefor anindicatedchild process.It returnstheprocess
ID of a child processon successor -1 with errno seton error. The function
justcallswaitpid in a loop,restartingif waitpid returns-1 with errno setto
EINTR.

ssize_t r_write(int fd, void *buf, size_t size);

This is similar towrite, but it attemptsto write exactlysize bytesfrombuf to
theopenfile descriptorfd. It callswrite in a loop, restartingif write returns
-1 with errno set to EINTR. If the write doesnot write all of the requested
bytes,write is calledagain until all of thebyteshave beenwritten or anerror
occurs.Theonly possiblereturnvaluesaresize and-1. If -1 is returned,errno
is set.

ssize_t readblock(int fd, void *buf, size_t size);

Attempt to readexactly size bytesfrom the openfile descriptorfd into the
buf. Return0 if an endof file is reachedon fd beforeany bytesareread. If
successful,returnsize. If anerroroccurs,return-1 if errno set. If anendof
file occursaftersomebyteshavebeenread,return-1 with errno settoEINVAL.

int readline(int fd, void *buf, size_t size);

Attemptto reada line from theopenfile descriptorfd into buf, abuffer of size
size. Return0 if anendof file is reachedon fd beforeany bytesareread. If
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successful,buf will containa string endingwith a newline, the lengthof the
string will be the numberof bytesreadandthis valuewill be returned. If an
erroroccurs,-1 is returnedanderrno is set.Two errorsarepossibleotherthan
an error readingfrom fd, causeserrno to be set to EINVAL. It is an error if
somebytesarereadandno newline is foundbeforeandendof file is reached.
An erroralsooccursif nonewline is foundin thefirst size-1 bytesread.

ssize_t readtimed(int fd, void *buf, size_t nbyte,

double seconds);

Attempt to readat mostnbyte bytesfrom theopenfile descriptorfd into the
buffer buf. Thishasthesamebehavior asr_read unlessnobytesareavailable
in a numberof secondsgivenby seconds. If no bytesareavailablewithin the
timeoutperiod,-1 is returnedanderrno is setto ETIME. Thetimeoutperiodis
restartedif this is interruptedby asignal.

int readwrite(int fromfd, int tofd);

Readat mostPIPE_BUF bytesfrom openfile descriptorfromfd andwrite the
numberof bytesreadto the openfile descriptortofd. Returnthe numberof
bytescopied. The value0 is returnedif an endof file is reachedon fromfd

beforeany bytesareread.If anerroroccurs,-1 is returnedwith errno set.

int readwriteblock(int fromfd, int tofd, char *buf, int size);

Readexactly size bytesfrom theopenfile descriptorfromfd andwrite them
to the openfile descriptortofd. Usethe buffer, buf, of sizeat leastsize to
hold thedataread.Return0 if anendof file is reachedon fromfd beforeany
bytesareread.If successful,returnsize. Otherwise,return-1 with errno set.

int waitfdtimed(int fd, struct timeval end);

Wait until datais availableto bereadfrom file descriptorfd or until thecurrent
timeis laterthanthetimein end. Return0 if areadonfd will notblock. Return
-1 with errno set to ETIME if a read on fd will still block when time end

occurs.Return-1 with errno setto EINVAL if fd is negativeor greaterthanor
equalto FD_SETSIZE.

ProgramB.1 is theheaderfile containingtheprototypefor thesefunctions.


