Clib

The Clib moduk is a setof sharel libraries providing the implemenations of most of the stardard C routines
in Apperdix B of Kernighan & Ritchie. It excludes floatingfoint suppat, which is provided by the relevant
machine-dgendet library. Routineswhich exped afiling sysem (for examplerenamé areimplemernedin the
FSlib module.

Module Options

CLIB_CONSOLE_PROCESS The name (rome URL) of the process to which the standard I/O
streamsshoud be connetedfor procesesthat usestdin, stdaut and
stdar. If this option is not set,the default valueof “console” will be

used

CLIB_NDEBUG Disabkstheasset macra

CLIB_SYSTEM_PROCESS The nameof a processcamble of recaving andrespnding to com-
mandspassedthroughthe systenroutine call.

CPU_HAS_FIOAT If thisoptionis enaltedin the CPUplugin module, support for floating-
point corversiorsis compiedin to thel/O routines.

NVRAM_RTC_ENABLED Enables the useof the rtc_read_time routine to getthe current date
andtime.

Data Definitions
Theheade files in the modulecontan the following type definitions:

BITMAP Thedatastrucurerepresenting aresaircebitmap

struct tm Thestructurefor time-of-dayroutines.

Shared Library Macrosand Routines

Full detals of the behaviour of mostof these routinesis exadly asdescibed in Appendi B of K&R. However
K&R leavessomeimplementatian detailk open (such aswhetheralibrary routineis aprocedureor amacro).These
dedsionsfor ROME aredocumatedhere,asareary deviationsfrom strict adheenceto the K&R specfications
Many of the I/O routines make messging calls into the ROME kernd. The specfication for the routines
usually requresthatthesebe perdedcalls (i.e. thatthe processmustblock until thereply is receved). This limits
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the useof sud routinesto placeswhereblocking canoccur Specificdly this excludesthe process’initialisation
andquete-handing routinesandary registeredinterrupthardlers(plus routinesthat they maycall). Therestriction
to ‘processcontet’ in thefollowing desciptionsindicatesa routine which may causea context switch

In orde to usethe stdio routines (like printf or fprintf with a stdod amgument) the standad files must be
initialised. Unlessthey areto be directedto a non-stardardlocation, this usually meansmarking the processwith
the use-sdio flag during the build. In the following list, the restiction of a routine to the ‘stdio context’ means
a main processor its direct des@ndan routine following initialisation of the stanaard files. The ‘stdio context’
implies the ‘processcontext’ restridion, but someof the ‘processcontet’ routines (for examplefopen) are not
restictedto the ‘stdio context’.

The stanardlibrary specificaions descibe different stylesof 1/0 without giving clearindicatiors of how they
might be mixed. In particular the action of various routinesfollowing a call to ungetg or mixing charaterbased
callslik e fgetc with recod-orientedl/O usingfreadarenot spedfied.

Theseinteractions mostly affect only legag/ prograns. Applicationswritten specificdly for ROME, or those
written to handke networked multimedia dataare expectal to usethe ‘mblk’ interfaceto avoid datacopying and
provide efficient protoml transprt. The stardardlibrary routinesshout, in geneal, be limited to operdions on
stdout, stdin andstder. Theuseof freadandfwrite is not recanmendedthough the routinesareimplementel).

_main
void _main(
void (* proc)(void),
char *proces$
The _mainroutineis the entrypoint for processesvhich usethe C stanaard I/O library calls suchas
printf andwhich expectstdn etc. to be preent. Theroutine opers the stardardstreans andthe calls
themainprocessproc for the processnamedprocess Theroutinealsocallstheexit routine shout the
processterminate,which further execuesary atexit routinesspecfied.
abs
int abg
int n)
Theabsroutineretunsthe absdute valueof n.
allocb
mblk_t *alloch(
int size
int pri)
Theallocb routine allocatesan mblk capalte of holding at leag sizebytes, andinitialisesthe interral
pointersfor the databuffer. Thepri field is ignored.
asctime

char *asctimg
conststruct tm *tp)

Theasctimeroutine corvertsthetp strucureinto a printablestring in standirdforma. Notethatasthe
retumedpointe is allocatedin a staticbuffer, the datamustbe copiedif they areto bestored.
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assert

(void) asset(
int _cond
The ass@t macroprints a messag on stdou and calls exit if the suppled condtion _cord is false

This macromay only be usel in the stdio context. If the CLIB_NDEBUG option is set, the as®ert
macrodoesnothing.

atexit

int atexit(
void (*funcptr)(void))
The atexit routine adds a function fungptr to the list of functionsto be called whena processexits.

This call hasan effect only whenthe processis stated through the stdio initi alisaion preanble or
explicitly callstheexit routine.

bcopy

void bcapy(
constvoid *from,
void *to,
int len)

The bcopy routines copies len bytes from fromto to. Note thatthe agumentsarein a differentorder
from memcpy

bitmap_claim

uint bitmap_claim(
BITMAP *map
The bitmap_claim routine returrs a resoucesindex currert marked asfree in the supplied map. If

no resoucesare available the the routine returrs BITMAP_NO_RESOURE. It is up to the calling
programto maptheindex into aresoucevalue.

bitmap_free

void bitmap_freq
BITMAP *map
uint indey

Thebitmap freeroutine markstheresouceatindex in the supgdied mapasavailable (free).

bitmap_new

BITMAP *bitmap new(
uint low,
uint high)
Thebitmap_new routine create anew bitmaprepresenting a setof indexableresouces.Theresouce
index runsfrom low to highinclusive (both mustbegreaterthanzerg. Thatis, acall to bitmap_claim
will retum anundgnedintegerin low..high.
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bitmap_reset

bzero

calloc

canput

clearerr

clock

ctime

void bitmap_rese(
BITMAP *map

Thebitmap resetroutine marksall theresaircesin the suppied mapasavailable (free).

void bzeo(
void *to,
int len)
Thebzep routine setslen bytesin to to zero.

void *calloc(
size t nobj,
Size t sizg
The calloc routine returrs an areanobj x size byteslong, cleaed to zeros,using the undetying
rome_dloc routine. The memoryis allocatedfrom the locad RAM pool sharel by all process, and
mustbe freedasasinge unit.

(int) canput(
queue_t*_q)
Thecanput macronotionally retums TRUE if thereis spa®in thequeue_qgfor anothermessagélock.

In ROME, flow control is deteminedby the availability of messagédlocksto be usedasreplies, not
by perstreamoptions. This macroalwaysretuns TRUE.

(void) clearerr(
FILE *_stream)

Theclearerr macrocleas the errorandeofflagsfor the FILE _stream.

clock_t clock(void)
Theclodck routine returrs -1, sinceCPUtime usead by programsis not maintairedby ROME.

char *ctimg
consttime_t *tp)

Thectimeroutinecornvertsthe calendartime tp into a printable stringin stardardformat. Notethatthe
retumedpointe is allocatedin a staticbuffer, sothe data mustbe copied if they areto be stored
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difftime

div

exit

fclose

feof

ferror

double difftimg
time_ttime2
time_ttimel)

The difftime routine, which retums the floating-point time difference betwveentwo times, is imple-
mentedonly if the CPU_HAS FLQOAT optionis setin the systam.

div_t div(
int num
int denon)

The div routine returnthe quotient and remainde of numdevided by denam. This routine doesnot
take any specal actions,andis equivalentto usingthe‘/ and‘%’ operdorsdiredly.

void exit(
int statug
The exit routine terminatesa processby closing all openfiles, calling the atexit routinesandwaiting
forever on anon-eistart messag. Notethat this doesnot prevent other processesrom sendng mes-
sageto thatprocess.In geneaal, exit shoud not be usedfor ROME processesunning in anembeded
system. Theroutineis only availablein theprocesscontext. To terminde ROME from anahercontext,
therome_faal routine may, whenall elsefails, beinvoked.

FILE *fclosg
FILE *stream)

Thefcloseroutine serdsa ROME CLOSEmessge on the streamandwaitsfor thereply. It alsofrees
the asso@tedfile strucure andfile-slot in the process. Theroutine is only availablein the ‘process
contet’.

(int) feof(
FILE *_strean)
Thefeof macroreturns TRUE if the End-of+ile indicationis setfor the FILE _stream

(int) ferror(
FILE *_strean)

Theferror macroreturrs TRUE if the Errorindicationis setfor the FILE _stream.
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fflush

fgetc

fgets

fopen

fprint f

FILE fflush(
FILE *stream)

Thefflushroutine send a ROME FLUSH messagenthe specifiedstreamandwaitsfor thereply. The
routineis only availablein the ‘processcontext’.

int fgetq
FILE *stream)
The fgetc routine returrs a singel charater from stream. This is eitherthe charater mostrecerily
passe to ungetc or the next charaterin the strean obtanedby a ROME FETMBLK messag. The
routineis only availablein the ‘processcontext’.

int fgetq
char *s,
int n,
FILE *stream)
Thefgetsroutinereturrs up to n charatersfrom stream,including ary chaacterpushel bad onto the
strean with ungetc. The charatersarefetched from the streamwith a ROME FETMBLK message
Theroutineis only availablein the ‘stdio context'.

FILE *fopen(
constchar *filename
constchar *modg

The fopen routine initialises a FILE structure for subsguert messamg operdions, using pended
ROME calls. Thefilenamemustbe (ultimately) the string for of a ROME-URL idertifying a process
within the systen. Theroutine will addthe current root andworking diredory to stringsthat do not
contan a‘’ schemeidentifier. The modestringsareasdefinedin B1.1 of K&R. Theroutine is only
availablein the‘processcontext’.

int fprintf(
FILE *stream,
constchar *format,
)
The fprintf routine formatsthe agumentsfoll owing the fixed parametersaccoding to the supplied
format, andsendsthe resuting buffer to the file stream using pendel ROME. The printf descrption
(below)lists the supprtedformatting options. It is only available in the ‘processcorntext’.
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fputc

fputs

fread

free

freeb

freansg

int fputq
int c,
FILE *stream)
The fputc routine send the charader ¢ for output on stream usinga ROME PUTMBLK pendel mes-
sage.Theroutine is only available in the ‘processcontext’.

int fputq
constchar s,
FILE *stream)

Thefputsroutine send the string s for outpu on streamusing a perdedROME OUTMBLK message
(using the string asthe outpu buffer). Theroutine is only availablein the ‘processcontext’.

size t fread
void *array,
size t size
size_t nobj,
FILE *stream)
Thefreadroutine retumsatmostsize x nobj bytesfrom streaminto array in a single pencded ROME
FETMBLK call. Theroutineis only availablein the ‘processcontext’.

void freq
void *ptr)
The freeroutine retums the areaof memorypointed to by ptr to the free pod using the rome free
systan routine. Notethatthis memorymusthave beenpreviously allocatedby a call to calloc, malloc
or theunderlying system routine rome _alloc.

void freelf
mblk_t * m)
Thefreebmacroreturrs anmblk _mto thefree pool. It expardsto adirect call of rome_fee It shoud
not be used whenmblk areasareallocatedin specid memory for exampleby devices.

void freemsg
mblk_t * m)
Thefreemsgoutine retrnsanmblk chain to thefreepod. It expands to adirect call of rome_feefor
eachlinkedmbilk. It shoud notbeused whenmblk areasareallocatedin specid memory for example
by devices.
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freopen

fscanf

fwrite

getc

getchar

geterv

FILE *freopen
constchar *filename
constchar *mode
FILE *stream)

Thefreopen} routine re-initiali sesthe file stream to be comectedto filenamewith modemode The
fopenroutine above desribesthe requiremens on thesetwo strings. The routine is only availablein
the ‘processcontext’.

int fscarf (
FILE *stream,
constchar *format,
)
The fscanf corverts the charatersfrom the file streamaccoding to suppied format, placing the
resutsin thefoll owing aguments.The supprtedformat effectorsarelistedin scanfbelow. It is only
availablein the‘processcontext’.

size_t fwrite(
constvoid *array,
size t size
size t nobj,
FILE *stream)
Thefwrite routine outpus size x nobj bytesfrom array ontostreamin asinglepencedROME OUTM-
BLK messge. Theroutine is only availablein the ‘processcontext’.

int getd
FILE *_stream)

Thegetcmacroexpamdsdiredly to afgetd_stream) call, andis only availablein the‘processcontext’.

int getchar(void)
The getchar macroexpardsdirectly to afgetc(stdn) call andis only availablein the ‘stdio context'.

char *getenv(
constchar *name

ROME doesnot support arbitrary ‘C’ ervironmert variables. This routine returrs NULL for all input

strings. Somespecfic ervironmert informationmaybeavailable throuch particularnon-volatile RAM
implemenations, andtherome_gtcwdandrome_@troot routines..
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gets

gmtime

isalnum

isalpha

iscntrl

isdigit

isgraph

char *gets(
char *s)

Thegetsroutinereads aline from stdinusinga sequenceof fgetc calls. It discadsthetrailing newline.
Theroutineis only availablein the ‘stdio context'.

struct tm *gmtimé
consttime_t *tp)

Thegmtimeroutine returrs NULL for all input.

(int) isalnun(
char 0

The isalnum macroretuns TRUE if the agument _c is an alphanumericcharacter _c is evaluaed
only once.

(int) isalphg
char 0

Theisalpha macroreturrs TRUE if the agument _c is an alphaetic chaacter _c is evaluatedonly
once

(int) iscrtrl(
char 0
Theiscntrl macroretums TRUE if theargument_cis a cortrol charader. _cis evaluatedonly once.

(int) isdigit(
char 0o
Theisdigit macroretums TRUE if the agument_c is a decimal digit charater. _cis evaluatedonly
once

(int) isgraph(
char ¢

The isgrgph macroreturrs TRUE if the argument _c is a graghic format effector chamacter _cis
evaluaedonly once.
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islower

isprint

ispunct

isspace

isupper

isxdigit

labs

(int) islower(
char 0o

Theislower macroretums TRUE if theagument_cis alower-cas alphabetc chaacter _cis evalu-
atedonly once.

(int) isprint(
char 0o
Theisprint macroretrns TRUE if theargument_cis a printablecharater _cis evaluatedonly once

(int) ispunct(
char 0

Theispunct macroreturrs TRUE} if the amgument_cis a puncuationcharater _cis evaluaed only
once

(int) isspacq
char 0

Theisspae macroretuns TRUE if theamgument_cis anwhite-spacechamlacter _cis evaluaedonly
once

(int) isupper(
char 0

The isupper macroretuns TRUE if the agument _c is an upper-casalphabetic charater. _c is
evaluaedonly once.

(int) isxdgit(
char 0

Theisxdigit macroreturrs TRUE if the agument_c is a hexadecimaldigit chalacter _c is evaluaed
only once.

long labs(
long n)
Thelabsroutine returrs the absolue value of n.

10
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[div

linkb

localtime

longjump

malloc

memchr

[div_t Idiv(
long num
long denam)

The ldiv routine returnthe quotient and remainde of numdivided by denan. The routine doesno
specal processingandis equivalentto the useof the'/" and'%’ operdors.

void linkb(
mblk_t *base
mblk_t *add)

Thelinkb routine concdenatsadd to the endof the mblk chainrooted at base

struct tm *localtime(
consttime_t tp)

Thelocaltimeroutine corvertsthe calerdartime in tp (se@ndssincel970) into the returnedtm struc-
ture. Notethatthereturred pointer is allocatedon thelocd stack,the datamustbe copidd if they are
to be storal.

void longjumg(
jmp_buf env,
int val)

The longjmp routine (actually the cpu_longjump routine) executesa long jump to the ervironment
savedin theerv variadeswith returncodeval. Thisimplemenation of this routine is machire depa-
dent.

void *mallog(
size t size
Themallocroutineretumsanareasizebyteslong, with uninitialized values from thecommonmemory
pool sharal by all processes.Note thatthis routine never retrns NULL asa failure indication since
theundetying rome alloc routine will call rome_fa&l if the sydgemrunsout of memory

void *memair(
constvoid *src,
uchar c,
int len)

Thememar routine returrs a pointer to thefirst occurenceof ¢ within len bytes of src.

11
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memcmp

int memcmp
constvoid *oneg
constvoid *two,
int 1)
Thememcmpoutine compaesat mostl bytes betweeroneandtwo.

memcpy
void *memcpy
void *to,
constvoid *from,
int len)

Thememcpyoutine copies len bytesfrom fromto to.

memmove
void *memmug(
void *to,
constvoid *from,
int len)

Thememmaueroutine copieslen bytesfrom fromto to, preservirg dataordering if the areasoverlap.

memset
void *memsd
void *dg,
uchar val,
int len)

Thememsetoutine setsthefirst len bytes of dstto the byte val.

mktime
time_t mktime
struct tm *tp)

Themktimeroutine corvertsthelocaltime in thetp strudureinto calendartime (se@ndssincel970),
or -1 if thestrudureis invalid.

noenable

(void) noerableg
queue_t*_q)
Thenoendle macronotionally disabkesthe service procedurefor a STREAMS quele _g. This oper
ationis not suppatedin ROME, andthe macro.

12
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perror

printf

putc

putchar

putnext

size t perror(
constchar *s)

The perror routine prints the error messag for the curent processonto stder. The routine is only
availablein the‘stdio context'.

int printf(
constchar *format,
)
The printf routine formatsthe agumentsfollowing the supplied paranetersaccading to formatand
sendthe resuting buffer to the stdaut file usingpendel ROME. The full rangeof integer and string
operdions aresupprtedaccoding to table B-1 of K&R. In addtion, the ‘I’ format effector prints a
32bit undgnedinteger agument asa ‘dotted quad’ Internet Protoml| address. The floating-point ‘e’,
‘f' and'g’ formateffectorsareonly availableif the CPU_HAS_ FL@T option is enabédfor the sys-
temanda compatble floatingpoint plugin is linked into theimageto supgy the cpu_intemal_pfloat
routine. The printf routineis only available in the ‘stdio cortext’.

int putd
int_c,
FILE *_strean)
The putc macroexpandsdirectly to a fputq_c, _streanj call, andis only available in the ‘process
contet’.

int putchar(
int_o
Theputchar macroexpardsdirectly to afputc(_c, stdou) call. It is available only in the‘stdio context’.

void putnext(
queue_t*_q,
mblk_t * m)
The putnext macronotionally addsthe messag _mto the next quele on a STREAM. In ROME, this
functionis split betweertherome pass downwadsroutinefor intermediae modules,androme_epy
for device drivers. The putnext macroimplemeris the device driver requrementsand expards to
rome_epy(_m).

13



Clib

putq

puts

QNAME

gprocson

raise

rand

realloc

void putg(
queue_t*rq,
mblk_t *mp)
The putg shoud not be usedin ROME programsasit destrgs the local context chain. Instead the
rome_pass_awnsteam androme_p@ss_ypstream routinesare providedfor modules,andthe putnext
routinefor drivers
Theputqgroutine callsrome_fdal if it is used.

char *puts(
constchar *s)

The putsroutine writes the suppled string s onto stdou using fputs, followed by a newlinr charater.
Theroutineis only availablein the ‘stdio context'.

char *QNAME(
queue_t*_q)
The QNAME macronotionally returrs the nameof the STREAMS quete representedby the g pa-
rameter In ROME it retumsthe nameof the destnationproces to which the quete points.

(void) gprocsor(
queue_t*_q)
Thegprocsonmacronotionally enallesthe servie procaluresfor a STREAMS quele _g. In ROME,
the‘service procedureé is alwaysenaled,andthis macrohasno effect

int raisq
int sig)
Theraiseroutine explicitly calls (andsoresds) the signd hander for sig in the current process. The
rouine is only available in the ‘processcontext’.

int rand(void)
Therandroutine returrs a pseuwo-randominteger.

void *redloc(
void *ptr,
size t sizg

14
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scanf

setimp

signal

sprintf

srand

The realloc routine retums a block of memory size bytes long contdning the samevaluesas the
memorypointedto by ptr. Theoriginal ptr, whichis freed,mustreferencememoryallocaedby acall
to calloc, mallocor theunderyling sysemroutine rome_aloc.

int scanf(
constchar *format,
)
Thescarf routine corvertscharat¢ersfrom thefile stdn accoding to the supgied formatandplaces
theresuts in the following aguments.Theroutine supprtsall theintegerandstring format effectars
listedin table B-2 of K&R. Thefloating-point ‘e’, 'f’ and'g’ formateffectorsareonly availableif the
CPU_HAS FLQOAT option is enalted for the systan anda compdible floatingpoint plugin is linked
into theimageto sumply the strtod routine. The scarf routine is only availablein the ‘stdio context’.

int setjimg
jmp_buf env)
Thesetjmproutine (actudly thecpu_setjmproutine) estattishesanenvironmentn env for asubseguent
call to longjump, andreturns 0. The parametr passe is a pointer to a struct _jmp_buf structure
definedby the CPUplugin. Theimplemenation of this routine is machire dependent

void (*signal(
int sig,
void (*handler)(int)))(int)
The sigral routine instdls a hander for the signal sig for the currert process. This routine is only
availablein the ‘processcontext’.

int sprintf (
char *s,
constchar *format,
)

The sprintf routine formatsthe supped agumentsfollowing the fixed paramtes accoding to the
formatinto the buffer s. It is therespnsillity of the caller to ensue thatthe suppled buffer is large
enowghto holdtheresuting outpu string. Theprintf desciption (above)lists thesupprtedformatting
options.

void srand(
uint seed

The srand routine setsthe seedvaridble for therand routine.

15
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sscanf

int sscarf(
char *buffer,
constchar *format,

)
The sscarf corvertsthe charatersin buffer accordng to supplied format, placing the resuts in the
following amguments.The supprtedformateffectorsarelistedin scanfabove.

strcat

char *strcat(
char *to,
constchar *from)

The strcat routine does byte-by-byte concatendion of the two strings in a machire-indepenent,
though possble not optimalimplementation.

strchr

char *strchr(
constchar *src,
char c)

The strchr routine searclesfor ¢ in src.

strcmp

char *stremp(
char *to,
constchar *from)

The strcmproutine compaes(byte-by-byte) two strings.

strcpy

char *strepy(
char *to,
constchar *from)

The strcpy routine does byte-by-byte copying of the two strings in a machine-indeperdent, though
posgble not optimalimplemenation

strcspn

size_t stresp(
constchar *one
constchar *two)

Thestrcspn routinereturrs thelength of theleading substing of onecontaning charad¢ersnotin two.

16
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strerror

char *strerror(
int n)
The strerror routine returrs a pointer to the text string correspondng to the error coden for the er-
ror codes definedin the ROME sysem. The returned string is readonly, and may be dynamically
geneated,sothe pointer shauld notbe sared

strftime

size t strftimg
char *s,
size t smax
constchar *fmt,
conststruct tm *tp)

The strftime routine format the time supgied in tp into the buffer s accading to the formatfmt. The
formatspedfications suppated arethoselisted in K&R.

strlen

size t strlen(
constchar *src)

Thestrlen routineretumsthelength of the string src.

strncat

char *strncaf(
char *to,
constchar *from,
int n)
Thestrncat routine conatendes(byte-by-byte) at mostn chamacters

strncmp

char *strncmg(
char *to,
constchar *from,
int n)
Thestrnanproutine compaes(byte-by-byte) at mostn charaters.

strncpy

char *strncpy(
char *to,
constchar *from,
int n)
Thestrngoy routine copies (byte-by-byte) at mostn charaders.

17
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strpbrk

strrchr

strspn

strstr

strtok

system

char *strpbrk(
constchar *one
constchar *two)

Thestrplrk routinereturnstheresidual string of oneafter stripping off all chaactersin two.

char *strrchr(
constchar *src,
char c)

Thestrrchr routine searfiesbackwardsfor cin src.

size t strspn(
constchar *ong
constchar *two)

Thestrspn routine returnsthelength of theleading subdring of onecontaning chasmactersin two.

char *strstr(
constchar *one
constchar *two)

Thestrstr routinereturnsthefirst ocaurenceof twoin one

char *strtok(
char *s,
constchar *ct)

The strtok routine splits the input string s into tokens delimited by charatersin ct. Thisroutine uses
afield in the processcortrol block to save context betwea multiple calls and canonly be called in
‘processcontet’.

int system
constchar *string)
The sysemroutine sendsstring asa pendel ROME COMMAND messag to the processdefinedby

the CLIB_SYSTEM_RBRCESSoption. If the option is not set, the routine ignoresthe commandand
retumszera

18
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time

tolower

toupper

ungetc

unlinkb

vfprintf

time_t timg(
time_t *tp)
Thetimeroutine returrs the current calendartime for sysemsonwhichthe NVRAM RTC_EMBLED
option is set,andsothertc_read_tmeroutine exists, otheawisetheroutine returns-1.

int tolower(
int ¢
Thetolower routine returrs the lower-case equivalent of c if ¢ is a uppea-caseletter, or c otherwise.
Notethatastoloweris aroutine,it may be called with anautoincremerning argument.

int toupper(
int ¢
Thetoupper routine returrs the upper-cag equivalentof c if ¢ is alower-caseletter, or ¢ otherwise.
Notethatastoupper is aroutine,it maybe called with anautoincremening argument.

int ungetc(
int_c,
FILE *_stream)
Theungetc macropushe the charater_c backonto _stream. Only onecharactermay be pushel per
strean. Notethatungetc will only work correctly with callsto fgetc or amacroequivalent.

mblk_t *unlinkb(
mblk_t *base)

The unlinkb routine remorvesthe headmblk from the chainrooted at baseandreturrs the restof the
chain

int vfprintf (
FILE *stream,
constchar *format,
va_listargs)
Thevfprintf routine formatsthe supgied variade-agumentsin argsaccoding to the spedfied format
andsend the resuting string to the output file stream using pendel ROME. The printf descrption
(above) lists the suppated formating options. It is only availablein the ‘processcontext’.
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vprintf

vsprintf

WR

int vprintf (
constchar *format,
va_listargs)
Thevprintf routine formats the suppled varigble-argumets in args accading to the spedfied format
andserdstheresuting stringto thestdiofile using pendel ROME. Theprintf descrption (above)lists
the suppatedformattng optiors. It is only availablein the ‘stdio context'.

int vsprintf(
char *buffer,
constchar *format,
va_listargs)
Thevspiintf routine formatsthe supplied variable-agumensin argsaccadingto the spedfied format
into the supplied buffer, whichis assumd to belarge enoudn to contan theresuling string. The printf
desciption (above) lists the sugportedformatting options.

queue_t*WR
queue_t*_q)
The WRmacronotiomally returrs the ‘writer’ queue of a pair of STREAMS queus. In ROME, the
two quelesarerepresentel by the samestrucure,andthe macroretumsits argument,_q.
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