Section 3: Library Functions

This sectionof the manualdescribesthe functions availableto programsfrom the
standardXinu library. C programmerswill recognizesomeof the C library functions

(esp.thosethat manipulatestrings). Be careful: not all function argumentsare like
those in UNIX.



ascdate(3) ascdate(3)

NAME
ascdate - print a date in ASCII including hours:mins:secs

SYNOPSIS
int ascdate(time, str)
long time;
char *str;

DESCRIPTION
Ascdate prints the dateandtime specifiedin time asan ASCII string which is
copied tostr. The stringstr must be long enough to hold the converted date and time.

SEE ALSO
gettime(2)
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NAME
atoi, atol - extract and return an integer or long from a string

SYNOPSIS
int atoi(string)
char *string;

long atol(string)
char *string;

DESCRIPTION
Each function extractsthe data type it returnsfrom the string string. Atol
requires that its function prototype be specified in the calling function.

SEE ALSO
sscanf(3)
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NAME
blkcmp - lexical block comparison

SYNOPSIS
int blkemp(sl, s2, len)
char *sl;
char *s2;
int len;

DESCRIPTION

Blkcmp comparesup to len bytesof the blocks sl and s2. If the blocks are
equal,the value O is returned.If the blocks differ, a negativeintegeris returnedif a
byte in block sl is lessthanthe correspondingyte in block 2, otherwisea positive
integer is returned.

SEE ALSO
blkequ(3)
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NAME
blkcopy - copy a contiguous block of bytes

SYNOPSIS
int blkcopy(to, from, nbytes)
char *to;
char *from;
int nbytes,

DESCRIPTION

Blkcopy copies a block ofibytes contiguous bytes starting at locatimom into
the area starting at locatiom Blkcopy returns OK to the calleBlkcopy will copyany
byte value including the null character (zero).

SEE ALSO
blkequ(3), string(3)

BUGS
Blkcopy does not check for valid memory addresses.
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NAME
blkequ - compare two contiguous blocks of memory for equality

SYNOPSIS
int blkequ(first, second, nbytes)
char *firgt;
char *second;
int nbytes,

DESCRIPTION

Blkequ comparestwo blocks of memory for equality. Each block contains
exactlynbytes bytes.Blkequ returnsFALSE if the two blocksdiffer, and TRUE if the
blocks are equaBlkequ compares all byte values including null (zero).

SEE ALSO
blkemp(3), blkcopy(3), string(3)
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NAME
ckmode - check a file mode string and convert to integer representation

SYNOPSIS
#include <file.h>

int ckmode(mode)
char *mode;

DESCRIPTION

Ckmode parsesa null-terminated string, mode, containing charactersthat
represenfile modes,andproducesanintegerwith modebits set. The possiblemode
characters are:

r The file is to be opened for reading (i.e., input).

w The file is to be opened for writing (i.e., output).

n The file must be new. That is, it must not already exist.

0 The file must be old. That is, it must already exist.

The file modestring, mode, canspecifythatthefile is to be accessefor bothreading
andwriting, but it cannotspecifythe modeto be both old andnew. If neitherreading
nor writing is specified,ckmode assumeghe file will be usedfor both. Similarly, if
neither old nor new files are specifieimode assumes either is allowed.

Given a legal modestring, ckmode returnsan integerwith bits FLREAD, FLWRITE,
FLOLD, andFLNEW setaccordingto the argumentmode. Ckmode returnsSYSERR
if it finds illegal or duplicatedcharactersn the argumentstring, or if the modestring

specifies that the file must be both old and new.

SEE ALSO
access(2), open(2)
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NAME
ctype - character type predicates and manipulation routines

SYNOPSIS
#include <ctype.h>

isalpha(c)

toascii(c)
tolower (C)
toupper (c)
char c;

DESCRIPTION

Routinesbeginningwith is are predicateghat classifythe type of a character.
Routinesbeginningwith to convertcharactersEach predicatereturnsTRUE if the
conditionis satisfied,and FALSE otherwise.In the currentimplementationpredicates
are macros that use table lookup for efficiency.

isalnum c is an alphanumeric character (i.e., a letter or digit)

isalpha cis a lower- or upper-case letter
isascii cis an ASCII character, code less than 0200
iscntrl ¢ has a value less than octal 040 or is a DEL (octal value 0177).

isdigit cis a digit.
islower cis a lower case letter.
isprint c is a printable character with octal value 040 (blank) to 0176 (tilde).

isprshort  cis a printable short.

ispunct c is a punctuation character (neither control nor alphanumeric).
isspace C is a space, tab, carriage return, newline, or formfeed.

isupper c is an upper case letter.

isxdigit c is a hexadecimal digit (i.e., is 0-9 or a-f).

toascii Convertsc to an ascii by turning off high-order bits.

tolower Converts argumertfrom upper to lower case.
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toupper Converts argumeatfrom lower to upper case. Converts
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NAME
disable, enable, restore - change and restore processor interrupt status

SYNOPSIS
#include<kernel.h>
disable(ps);
int ps,

enable();

restor e(ps);
int ps,

DESCRIPTION

These routines change the processorinterrupt status mode. Normally,
proceduresisedisable and restore to savethe interrupt status,maskinterruptsoff,
andthenrestorethe savedstatus.Enable explicitly enablesnterrupts;it is used only
at system startup.
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NAME dot2ip - convert dotted decimal notation to an IP address
SYNOPSIS

int dot2ip(ip, pdot)

| Paddr ip;

char *pdot;
DESCRIPTION

Functiondot2ip convertsanInternet(IP) addresgrom dotteddecimalnotation
to its 32-bit integerform andstoresit in argumentp. Argumentpdot is a pointerto
the null-terminated dotted decimal representation of the Internet address.

SEE ALSO
ip2dot(3), ip2name(2), name2ip(2)
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NAME
fgetc, getchar - get character from a device

SYNOPSIS
#include <io.h>

int fgetc(dev)
int dev;

int getchar()
DESCRIPTION
Theseproceduresreincludedfor compatibility with UNIX. Fgetc returnsthe
next character from the named input device.
Getchar() is identical togetc(STDIN).
Note thatfgetc is exactly equivalent tgetc.

SEE ALSO
getc(2), putc(2), gets(3), scanf(3),

DIAGNOSTICS
These functions return SYSERR to indicate an illegal device or read error.
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NAME
fputc, putchar - put character to a device

SYNOPSIS
#include <io.h>

int fputc(device, ¢)
int device;

char c;

putchar (c)

DESCRIPTION

fputc(3)

These procedures are included dompatibility with UNIX. Fputc appendshe
characterc to the namedoutputdevice,andreturnsSYSERRIf device is invalid; it is

defined to beoutc(device, c).
Putchar(c) is defined to beutc(STDOUT, c).

SEE ALSO
putc(2), puts(3), printf(3)
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NAME
gets, fgets - get a string from a device

SYNOPSIS
#include <io.h>

char *gets(s)
char *s,

char *fgets(dev, s, n)
int dev;

char *s,

int n;

DESCRIPTION

Gets readsa string into s from the standardinput device, CONSOLE. The
string is terminatedby a newline characterwhich is replacedn s by a null character.
Gets returns its argument.

Fgets readsn-1 characterspr up to a newline characterwhichevercomesfirst, from
device dev into the string s. The last characterread into s is followed by a null
characterFgets returns its second argument.

SEE ALSO
getc(2), puts(2), scanf(3)

DIAGNOSTICS
Gets andfgets return SYSERR if an error results.

BUGS

Gets deletes a newline, fgets keeps it, all in the name of backward
compatibility.

14



gpa(3) gpa(3)

NAME
gpg - generic priority queue processing functions

SYNOPSIS
#include <q.h>

char *deq(q)
intq;

int enq(q, item, key)
intq;

char *item;

int key;

int freeq(q)
intq;

int newq(size, type)
int size;
int type;

char *seeq(q)
intq;

DESCRIPTION

The Xinu Kernelusesthe queuestructureQUEUE(3)to defineand manipulate
doubly-linkedlists of processesThe networkingextensionsn Xinu 7.9 use Generic
Priority Queueg GPQ) for queueingnetwork packets.The gpg functions manipulate
priority queueswith mutual exclusion either with a semaphore,or by using
disable()/restore(), dependingon argumenttype when the queueis created.The
supported operations are:

deq
Remove the first item from the ligtand return it.
enq
Insert itemitem on the orderedlist g, usingintegerkey to choosea positionfor
theitem. Integerkey representshe priority of anitem. Enq returnsthe number
of available queue element slots after the insertion, or SYSERR on overflow.
freeq

Deletethelist g, returningall memoryto the freelist. If g is not empty,freeq
returns SYSERR and does not free the list. Otherwise OK is returned.
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newq
Allocate a new list that can hold up to size nodes,use type to determine
whethermutual exclusionfor the list is controlledwith a semaphordtype is
QF_WAIT) or by disablinginterrupts(type is QF _NOWAIT), and return the
list index. Queueswhich will be manipulatedat interrupttime should specify
QF_NOWAIT.

Searchlist g one item at a time, without removing the items; the list only

rememberne searchposition at any instant. Multiple processescanninga

gueuewill seeonly someof the elementsno locking is doneacrossseeq calls,

and the queuemay changefrom one call to the next becauseof enq or deq

calls. Returnsthe items until all seen,then returns NULLPTR and resets
q_Seen.

A functioninitq is usedonly at system startup) to initialize the GPQ mechanism.

SEE ALSO
queue(3)
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NAME ip2dot - convert an IP address to dotted decimal notation

SYNOPSIS
#include <networ k.h>

char *ip2dot(pdot, ip)
char *pdot;
| Paddr ip;

int ip2str(cp, ip)
char *cp;
| Paddr ip;

DESCRIPTION

Functionip2dot convertsan Internet(IP) addresdrom its 32-bit integerform
to dotteddecimalnotationandstoresit in argumentpdot. Argumentpdot shouldbe a
pointerto a buffer at least16 byteslong, the maximumlength of a dotted decimal
address and its terminating null character The function repdiots

Functionip2str performs the same conversion, but returns OK.

SEE ALSO
dot2ip(3), name2ip(2), ip2name(2)
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NAME
netnum - compute the network portion of a given Internet (IP) address

SYNOPSIS
#include <networ k.h>
int netnum(netpart, addr ess)
| Paddr netpart;
| Paddr address;

DESCRIPTION

Netnum extractsthe network portion of the Internet addressspecified by
argumentaddress, and placesthe resultin argumentnetpart. It operatedy usingthe
IP classof argumentaddress to determinewhetherthe network part of the address
occupies 1, 2, or 3 bytes, and it zeros the remaining byégsim always returns OK.

SEE ALSO
getaddr(2), getnet(2)

BUGS
Netnum does not understand subnets or subnet masks.
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NAME
netutil - Network utilities hs2net, net2hs, hi2net, net2hl, hl2vax, vax2hl

SYNOPSIS
#include <networ k.h>

short net2hs(s)
short hs2net(s)
long net2hl(l)
long hi2net(l)
long vaxzhl(l)
long hl2vax(l)

short s;
long I;

DESCRIPTION

Theseroutinesmap binary integer databetweennetwork standardoyte order
andlocal hostbyte order.In the descriptionthe termshort refersto a 2-octet(16-bit)
binary value,whethertwo's complemensignedor unsignedandthe term long refers
to a 4-octet (32-bit) value.

net2hs
Converts a short item from network byte order to host byte order.

hs2net
Converts a short item from host byte order to network byte order.

net2hl
Converts a long item from network byte order to host byte order.

hl2net
Converts a long item from host byte order to network byte order.

vax2hl
Convertsa long item from VAX byte order to host byte order (used in
communication with a file server running on a VAX).

hl2vax
Converts a long from host byte order to VAX byte order (used in
communication with a file server running on a VAX).

No conversionis neededfor characterstrings becausehe local host order on most

machinesagreeswith network standardoyte order (i.e., the string extendsupwardin
the memory address space).
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NAME
pause - pause the processor

SYNOPSIS
pause();

DESCRIPTION

Pause stopsthe processowuntil aninterruptoccurs,allowing it to continueat
the instruction following th@ause when thenterruptreturns.Pause is usedin the null
process instead of an infinite loop to avoid taking bus bandwidth needlessly.

SEE ALSO
disable(3), wait(2), xdone(2)
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NAME
printf, fprintf, sprintf - formatted output conversion

SYNOPSIS
printf(format [, arg] ... )
char *format;

fprintf(dev, format [, arg] ... )
int dev;
char *format;

sprintf(s, format [, arg] ... )
char *s, format;

DESCRIPTION

Printf writes formattedoutputon device STDOUT. Fprintf writes formatted
output on the namedoutput device. Sprintf placesformatted’'output'in the string s,
followed by the character "\O'.

Eachof thesefunctionsconverts,formats,and prints its argumentsafter the format
under control of théormat argumentThe formatargumenis a charactestringwhich
containstwo typesof objects:plain charactersyhich are simply copiedto the output
streamandconversiorspecificationseachof which causesonversionandprinting of
the next successiag.

Each conversionspecificationis introducedby the character%. Following the %,
there may be, in the following order,

- anoptionalminussign'-' which specifiedeft adjustmenbf the convertedvaluein the
indicated field,

- an optional digit string specifyinga field width; if the convertedvalue hasfewer
charactershanthe field width it will be blank-paddedn the left (or right, if the left-
adjustmentindicator has beengiven) to make up the field width; if the field width
begins with a zero, zero padding will be done instead of blank padding;

- an optional period"." which servesto separatethe field width from the next digit
string;

- an optional digit string specifying a precision whsgecifiesthe maximumnumberof
characters to be printed from a string;

- the charactett specifyingthata following d, o, x, or u corresponds$o a long integer
arg. (A capitalized conversion code accomplishes the same thing.)

- a character which indicates the type of conversion to be applied.
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A field width or precisionmay be *' insteadof a digit string. In this casean integer
arg supplies the field width or precision.

The conversion characters and their meanings are:

dox The integer arg is convertedto decimal, octal, or hexadecimalnotation

respectively.
C The character arg is printed. Null characters are ignored.
S Arg is taken to be a string (character pointar)icharactergrom the stringare

printeduntil a null characteor until the numberof charactersndicatedby the
precisionspecificationis reachedhoweverif the precisionis 0 or missingall
characters up to a null are printed.

u Theunsignedntegerargis convertedo decimalandprinted (the resultwill be
in the range0 through 65535 on the PC for normalintegersand O through
4294967295 for long integers).

% Print a '%'; no argument is converted.

In nocasedoesa non-existenbr smallfield width causetrruncationof a field; padding
takes place only if the specified field width exceedsthe actual width. Characters
generated byrintf are printed by PUTC(2).

Examples

To print a date antime in theform 'SundayJuly 3, 10:02',whereweekday andmonth
are pointers to null-terminated strings:

printf("%s, %s %d, %02d:%02d", weekday, month, day, hour, min);

SEE ALSO
putc(2), scanf(3)

BUGS
Very wide fields (>128 characters) falil.
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NAME
puts, fputs - write a string to a device

SYNOPSIS

puts(s)
char *s;

fputs(dev, s)
int dev;
char *s;

DESCRIPTION

Puts writes the null-terminatedstring s on the output device STDOUT and
appends a newline character.
Fputs writes the null-terminated strirgyon devicedev.

Neither routine writes the terminal null character.They return SYSERRIif dev is
invalid.

SEE ALSO
gets(3), putc(3), printf(3), read(2), write(2)

BUGS
Puts appends a newlin§uts does not; there is no good reason for this.
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NAME
gsort - quicker sort

SYNOPSIS
gsort(base, nel, width, compar)
char *base,
int (*compar)();

DESCRIPTION

Qsort is animplementatiorof the quicker-sortalgorithm. Thefirst arguments
a pointerto the baseof the data;the seconds the numberof elementsthe third is the
width of an element in bytes; the last is the name of the compaostineto be called
with two argumentswhich are pointersto the elementsbeing compared.The routine
must return an integer less than, equalto, or greaterthan O accordingas the first
argument is to be considered less than, equal to, or greater than the second.
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NAME
gueue - g-structure predicates and list manipulation procedures

SYNOPSIS
#include <q.h>

int enqueue(proc, tail)

int dequeue(proc)

int firstid(head)

int firstkey(head)

int getfirst(head)

int getlast(tail)

int insert(proc, head, key)
int insertd(proc, head, key)
int isempty(head)

int lastkey(tail)

int nonempty(head)

int head, tail;
int proc;
int key;

DESCRIPTION

The q structure holds doubly-linked lists of processes,ncluding lists of
processeghat are ready, sleeping,and waiting on a semaphore.These routines
manipulate lists in thg structure as follows.

enqueue
Add a procesdgo a FIFO list giventhe processd in argumentproc andthe g
indexof thetail of thelist in argumentail. Engueue returnsargumentproc to
its caller.

dequeue
Removea processfrom a list given the processid. The list on which the
processs found neednot be specifiedbecauseat canbe determinedrom theq
structure Dequeue will removea processrom both FIFO andorderedlists. It
returns its argument to the caller.

firstid
Returnthe processd of thefirst processon a list giventhe q index of the list
head in argumeritead.

firstkey
Returntheintegerkey associateavith thefirst entry on a list giventhe q index
of the list in argumerttead.
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getfirst
Removethe first procesdrom a list andreturnits processd giventhe g index
of the headof the list in argumenthead. Getfirst returnsEMPTY if thelist is
empty, and a process id otherwise.

getlast
Removethe lastproceson a list andreturnits procesdsd giventhe g index of
thetail of thelist in argumentail. Getlast returnsEMPTY if thelist is empty,
and a process id otherwise.

insert
Inserta processnto anorderedlist giventhe procesdd in argumentproc, the
g index of the headof the list in argumenthead, and an integerkey for the
processin argumentkey. Orderedlists are alwaysorderedby increasingkey
values.Insert returns OK.

insertd
Insert a process in a delta list given the process id in argymmantheq index
of the headof the list in argumenthead, and anintegerkey in argumentkey.
Insertd returns OK.

isempty
Return TRUE ifthereareno processesn a list, FALSE otherwise giventheq
index of the head of the list in arguméead.

lastkey
Return the key of the last process in adisenthe q indexof thetail of thelist
in argumentail.

nonempty
ReturnTRUE if thereis at leastoneprocesson a list, FALSE otherwise given
theq index of the head of the list in arguméead.

SEE AL SO
gpa(3)

BUGS

Most of theseroutinesdo not checkfor valid argumentsor valid lists. Also,
they assume interrupts are disabled when called, and will corrupt the list structure if the
caller fails to disable interrupts.
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NAME
rand, srand - random number generator

SYNOPSIS
srand(seed)
int seed;

rand()
DESCRIPTION
Rand usesa multiplicative congruentiarandomnumbergeneratomwith period

232 {0 return successive pseudo-random numbers in the range fromb1o 2

The generatoiis reinitialized by calling srand with 1 asargument.It canbe setto a
random starting point by callirgand with whatever you like as argument.

BUGS

Rand doesnot provide mutual exclusionamongcalling processesThus, there
is a small chance that two concurrent processes will receive the same value.
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NAME
scanf, fscanf, sscanf - formatted input conversion

SYNOPSIS
scanf(format [ , pointer ... )
char *format;

fscanf(dev, format [ , pointer ] ... )
int dev;
char *format;

sscanf(s, format [ , pointer ... )
char *s, *format;

DESCRIPTION

Scanf readsfrom the standardinput device STDIN. Fscanf readsfrom the
namedinput device. Sscanf readsfrom the characterstring s. Eachfunction reads
characters,interprets them accordingto a format, and stores the results in its
argumentsEachexpectsasargumentsa control string format, describedelow, anda
set of pointer arguments indicating where the converted input should be stored.

The control string usually containsconversionspecificationswhich are usedto direct
interpretation of input sequences. The control string may contain:

- Blanks, tabs or newlines, which match optional white space in the input.

- An ordinary character(not %) which must matchthe next characterof the input
stream.

- Conversionspecifications,consistingof the character%, an optional assignment
suppressingharacter, anoptionalnumericalmaximumfield width, anda conversion
character.

A conversionspecificationdirectsthe conversionof the nextinput field; the resultis
placedin the variable pointedto by the correspondingargument,unlessassignment
suppressiorwas indicatedby *. An input field is defined as a string of non-space
charactersjt extendsto the next inappropriatecharacteror until the field width, if
specified, is exhausted.

The conversion character indicates ititerpretatiorof theinput field; the correspond-
ing pointer argumentmust usually be of a restrictedtype. The following conversion
characters are legal:

% a single '%' is expected in the input at this point; no assignment is done.
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d adecimalintegeris expectedthe correspondingargumentshouldbe aninteger
pointer.

o] an octal integeris expectedthe correspondingargumentshouldbe an integer
pointer.

X a hexadecimalintegeris expected;ithe correspondingargumentshould be an

integer pointer.

S a characterstring is expected;the correspondingargumentshould be a
charactempointerpointing to an arrayof characterdargeenoughto acceptthe
stringanda terminating\0', which will beadded. The inputfield is terminated
by a space character or a newline.

C a characteris expected;the correspondingargumentshould be a character
pointer. The normal skip over spacecharacterss suppressedh this case;to
read the next non-spacecharacter,try '%1s'. If a field width is given, the
correspondingargumentshouldrefer to a characterarray, and the indicated
number of characters is read.

[ indicatesa string not to be delimited by spacecharactersThe left bracketis
followed by a setof characteranda right bracket;the characterbetweenthe
bracketsdefinea setof charactersnakingup the string. If thefirst characteis
not circumflex (), theinputfield is all charactersntil the first charactemnot in
the set betweenthe brackets;if the first characterafter the left bracketis
circumflex (%), the input field is all characters until the first character whiich is
the remaining set of charactersbetweenthe brackets. The corresponding
argument must point to a character array.

The conversioncharactersl, o andx may be capitalizedor precededuy | to indicate
that a pointer tdong rather than tent is in the argument list.

The scanf functions return the numberof successfullymatchedand assignedinput
items. This can be usedto decidehow many input items were found. The constant
EOF is returneduponendof input; notethatthis is differentfrom 0, which meanghat
no conversionwas done; if conversionwas intended, it was frustrated by an
inappropriate character in the input.
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For example, the call

int i; char name[50];
scanf("%d%s", &, name);

with the input line
25 thompson
will assign toi the value 25, andame will contain thompson\0'. Or,

int i; char name[50];
scanf("%2d%*d%[1234567890]", &i, hame);

with input
56 0123 56a72

will assign56 to i, skip '0123',and placethe string '56\0"in name. The next call to
getchar will return ‘a’.

SEE ALSO
getc(2), printf(3)

DIAGNOSTICS
The scanf functionsreturn SYSERRon end of input, and a short count for
missing or illegal data items.

BUGS

The successof literal matchesand suppressedassignmentds not directly
determinable.
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NAME
strcat, strncat, strcmp, strncmp, strcpy, strncpy, strlen, index, rindex - string
operations

SYNOPSIS
char *strcat(sl, s2)
char *sl, *s2;

char *strncat(sl, s2, n)
char *sl, *s2;

stremp(sl, s2)
char *sl, *s2;

strncmp(sl, s2, n)
char *sl, *s2;

char *strcpy(sl, s2)
char *sl, *s2;

char *strncpy(sl, s2, n)
char *sl, *s2;

strien(s)
char *s;

char *index(s, ¢)
char *s, c;

char *rindex(s, c)
char *s, c;

DESCRIPTION
Thesefunctions operateon null-terminatedstrings. They do not check for
overflow of any receiving string.

Strcat appendsa copy of string s2 to the end of string s1. Srncat copiesat mostn
characters. Both return a pointer to the null-terminated result.

Strcmp comparests argumentsandreturnsan integergreaterthan, equalto, or less
than 0, according a4 is lexicographically greater than, equal to, or less $2an

Strncmp makes the same comparison but examines atmubstracters.

Strcpy copies string2 to sl, stopping after the null character has been moved.
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Strncpy copiesexactlyn characterstruncatingor null-paddings2; the targetmay not
be null-terminated if the length &2 isn or more. Both retursl.

Strlen returns the number of non-null characters. in

Index (rindex) returnsa pointerto thefirst (last) occurrenceof characterc in strings,
or zero ifc does not occur in the string.
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