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Appendix B

Restart Library

Restart Library

This appendixgives the completespecificationsand codefor the restartlibrary. This
library containsfunctionsthatrestartwhenthey have notfinishedtherequesteaperation
dueto apossiblytemporaryevent. Two maintypesof eventsarehandled:interruptionby
asignalandincomplete/O.

Many library functions,includingr ead andwr i t e, return-1 andseter r no to EI NTR
wheninterruptedby a signal beforeary 1/O takes place. This is not a real error, but
indicatesa naturaleventwhensignalsoccurin thepresencef blockingl/O. Thefunctions
in this library restartwhenthis occurs makingthis errortransparento theuser

Somefunctionssuchawr i t e may returnbeforea full requests satisfied. Whena
requesis madeto write n bytes thewr i t e is considereguccessfulvhenary numberof
bytesgreatethanzerohave beenwritten. A wr i t e mayreturnapositive valuelessthann
if asignalis caughteforetherequestedmounthasbeenwrittenor if anl/O buffer is full,
suchaswhenwriting to a pipeor network connection.Typically it is up to the programto
handlethis caseandwrite theremainingbytes.Thefunctionsin therestartlibrary handle
this, simplifying the usercode.

Therestartlibrary includestwo typesof functions.A functionwhosenamestartwith
r _ is arestartversionof a traditionallibrary function andhasprototypeidenticalto the
correspondingraditional function. For example,ther _r ead function takes the same
parametersisr ead, but restartghe readif -1 is returnedwith er r no setto El NTR. The
completdist of thesefunctionsis shavn in thefirst partof TableB.1. For thesefunctions,
the table only describeghe differencesbetweenthe function given and its traditional
counterpart.The interpretationof the parametersloesnot change.Only thosefunctions
thatareneededy thecodein thebookareincludedin therestartibrary. Otherfunctions
caneasilybeaddedjf needed.
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Prototype

Description

int r_close(int fildes)

Similarto cl ose.

int r_dup2(int fildes,

Similarto dup2.

int fildes2)
int r_open2(const char *path,) Similarto open whencalled
i nt ofl ag) with 2 parameters.

int r_open3(const char *path,)

Similarto open whencalled

int oflag, node_t node) with 3 parameters.
int r_read(int fd, void *buf, Similarto r ead.
size_t size)
pidt r_ wait(int *stat_loc) Similartowai t .
pidt r_waitpid(pid t pid, Similartowai t pi d.

int *stat_loc, int options)

int r_wite(int fd,
size_t size)

voi d *buf,

Similartowr i t e but restartsf fewer
thansi ze bytesarewritten.
Theonly possiblereturnvaluesare
si ze and-1.

struct tineval
add_to_current _ti me(
doubl e seconds)

returnsastruct tinmeval
correspondingo the currenttime plus
seconds seconds

int copyfile(int fronfd,
int tofd)

Copy bytesfrom oneopenfile
descriptorto anotheruntil anendof file
Or erroroccurs.

i nt readbl ock(int fd,

Readsxactly si ze bytesinto the

void *buf, size_ t size) buffer or returnanerror.
int readline(int fd, Readslint into the buffer buf
char *buf, int nbytes) which hassizenbyt es.
int readwite(int fronfd, Copy atmostPI PE_BUF bytesfrom
i nt tofd) oneopenfile descriptoito another
int readwiteblock(int fronfd, Copy exactly byt es from
int tofd, char *buf, oneopenfile descriptorto another
int size) usingthe givenbuffer.

int waitfdtined(int fd,
struct tineval end)

Wait for datato be availableonthe
givenfile descriptoror until time end.

Table B.1: The functionsin the restartlibrary. The first part of the table shavs the
functionsthatcorrespondo traditionalfunctions.All functionsin therestartibrary restart
wheninterruptedby a signal. Noneof themreturn-1 with er r no setto El NTR.
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Therestartlibrary includesadditionalfunctionsthat do not correspondo ary tradi-
tional library functions.Theseincluder eadl i ne which handlegestartingwhena signal
occurs,andr eadbl ock which restartsvhenthe requestechumberby byteshasnot yet
beerread.Thesefunctionsareshavn in thesecondartof TableB.1. Thethetableshavs
the prototypesandshortdescription®f thesefunctions.

The following is a more completedescriptionof eachof the functionsin the restart
library.

struct tineval add_to_current _tine(doubl e seconds);
Returnastruct tineval thatcorrespondso thecurrenttime plusseconds
seconds. The get t i meof day function is usedto get the currenttime. The
seconds parameteis corvertedto integervaluesrepresentingecondsandmi-
crosecondsndaddedo thecurrenttime.

int copyfile(int fronfd, int tofd);
Copy bytesfrom openfile descriptoff r onf d to openfile descriptort of d until
eitheranendof file or an error occurs. Returnthe numberof bytescopied. If
somebytesare successfullycopied,thenno error is returned,evenif an error
occurson awrite thatfollows a successfutead.If -1 is returneder r no is set.

int r_close(int fildes);
This is similar to cl ose. The function deallocateshe givenfile descriptor It
returns0O on successand-1 with errno seton error  This function just calls
cl ose in aloop, restartingf cl ose returns-1 with er r no setto EI NTR.

int r_dup2(int fildes, int fildes2);
Thisis similarto dup2. Thefunctioncloses i | des2 if it wasopenandcauses
fil des2 torefertothesamefile asfi | des. It returnsfi | des2 onsuccessnd
-1 with er r no seton error. Thefunctionjustcallsdup2 in aloop, restartingif
dup?2 returns-1 with er r no setto El NTR.

int r_open2(const char *path, int oflag);
This is similar to open whencalledwith two parametersit establishes con-
nectionbetweena file a anda file descriptor The of | ag shouldnot have the
O_CREAT bit set. It returnsanopenfile descriptoron succes®r -1 with er r no
setonerror. Thefunctionjustcallsopen in aloop, restartingf open returns-1
with er r no setto EI NTR.

int r_open3(const char *path, int oflag, npde_t node);
This is similar to open when called with three parameters.It establishesa
connectionbetweena file a anda file descriptor The of | ag shouldhave the
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O_CREAT bit set. It returnsanopenfile descriptoron succes®r -1 with er r no
setonerror. Thefunctionjustcallsopen in aloop, restartingf open returns-1
with er r no setto EI NTR.

ssize_t r_read(int fd, void *buf, size_t size);
Thisis similartor ead. It readsatmostsi ze bytesfrom theopenfile descriptor
f d into buf . It returnsthe numberof bytesreadon succes®r -1 with errno
setonerror. Thefunctionjustcallsr ead in aloop, restartingf r ead returns-1
with er r no setto EI NTR.

pidt r wait(int *stat_|oc);
This is similar to wai t . It suspendgxecutionof the calling threaduntil status
informationfor oneof its terminatedchildrenis available. It returnsthe process
ID of aterminatedchild proceson succes®r -1 with er r no seton error. The
functionjust callswai t in aloop, restartingif wai t returns-1 with err no set
to EI NTR.

pidt r_ waitpid(pid_t pid, int *stat_loc, int options);
Thisis similarto wai t pi d. It suspendsxecutionof thecalling threaduntil sta-
tusinformationis availablefor anindicatedchild processlt returnsthe process
ID of achild processon succes®r -1 with er r no seton error. The function
justcallswai t pi d in aloop, restartingf wai t pi d returns-1 with er r no setto
El NTR.

ssize_t r_wite(int fd, void *buf, size_t size);
Thisis similartowr i t e, but it attemptdo write exactlysi ze bytesfrom buf to
the openfile descriptorf d. It callswri t e in aloop, restartingf wri t e returns
-1 with errno setto EI NTR. If thewri t e doesnot write all of the requested
bytes,wri t e is calledagain until all of the byteshave beenwritten or anerror
occurs.Theonly possiblereturnvaluesaresi ze and-1. If -1lisreturnedger r no
is set.

ssize_t readbl ock(int fd, void *buf, size_t size);
Attempt to readexactly si ze bytesfrom the openfile descriptorf d into the
buf . ReturnO if anendof file is reachedon f d beforeary bytesareread. If
successfulreturnsi ze. If anerroroccurs,return-1if err no set. If anendof
file occursaftersomebyteshave beenread return-1 with er r no setto EI NVAL.

int readline(int fd, void *buf, size t size);
Attemptto readaline from the openfile descriptoif d into buf , a buffer of size
si ze. Return0 if anendof file is reachedn f d beforeary bytesareread. If
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successfulpuf will containa string endingwith a newline, the length of the
string will be the numberof bytesreadandthis valuewill be returned. If an
erroroccurs,-1 is returnedander r no is set. Two errorsarepossibleotherthan
an error readingfrom f d, causeser r no to be setto EI NVAL. It is an error if
somebytesarereadandno newline is found beforeandendof file is reached.
An erroralsooccursif nonewline is foundin thefirstsi ze- 1 bytesread.

ssize_t readtined(int fd, void *buf, size_t nbyte,
doubl e seconds);
Attemptto readat mostnbyt e bytesfrom the openfile descriptorf d into the
buffer buf . This hasthe samebehaior asr _r ead unlessno bytesareavailable
in anumberof secondgivenby seconds. If no bytesareavailablewithin the
timeoutperiod,-1 is returnedander r no is setto ETI ME. Thetimeoutperiodis
restartedf thisis interruptedby asignal.

int readwite(int fronfd, int tofd);
Readat mostPI PE_BUF bytesfrom openfile descriptorf r onf d andwrite the
numberof bytesreadto the openfile descriptort of d. Returnthe numberof
bytescopied. The valueO is returnedif anendof file is reachedon f r onf d
beforeary bytesareread.If anerroroccurs,-1 is returnedwith er r no set.

int readwiteblock(int fronfd, int tofd, char *buf, int size);
Readexactly si ze bytesfrom the openfile descriptorf r onf d andwrite them
to the openfile descriptort of d. Usethe buffer, buf , of sizeat leastsi ze to
hold the dataread. ReturnO if anendof file is reachedn f r onf d beforeary
bytesareread.If successfulteturnsi ze. Otherwiseyeturn-1 with er r no set.

int waitfdtinmed(int fd, struct timeval end);
Wait until datais availableto bereadfrom file descriptorf d or until thecurrent
timeis laterthanthetimein end. ReturnQ if areadonf d will notblock. Return
-1 with errno setto ETI ME if aread onfd will still block whentime end
occurs.Return-1 with er r no setto EI NVAL if f d is negative or greaterthanor
equalto FD_SETSI ZE.
ProgramB.1 is theheadeffile containingthe prototypefor thesefunctions.



