
INTRO(3M) MATHEMATICAL LIBRARY INTRO(3M) 

NAME 
intro - introduction to mathematical library functions and constants 

SYNOPSIS 
#indude <Sys/ieeerp.h> 

#include <floatingpoint.h> 

#include <111ath.b> 

DESCRIPTION 
The include file <math.h> contains declarations of all the functions describe.d in Section 3M that are 
implemented in the math library, libm. C programs should be linked with the the -Im option in order to 
use this libmy. 

<Sys/ieeefp.h> and <ftoatingpoint.b> define certain types and constants used for libm exception handling, 
conforming to ANSI/IEEE Std 754-198S, the IEEE Standard/or Binary Floating-Point Arithmetic. 

ACKNOWLEDGEMENT 
'The Sun version of libm is based upon and developed from ideas embodied and codes contained in 4.3 
BSD, which may not be companble with earlier BSD or UNIX implementations. 

IEEE ENVIRONME1''T 
The IEEE Standard specifies modes for rounding direction, precision, and exception trapping, and status 
reflecting accrued exceptions. These modes and status constitute the IEEE run-time environmenL On Sun-
2 and Sun-3 systems without 68881 floating-point co-processors, only the default rounding direction to 
nearest is available, only the default non-stop exception handling is available, and accrued exception bits 
are not maintained. 

IEEEEXCEPTIONHA~~LING 
The IEEE Standard specifies exception handling for aint, cell, floor, irint, remainder, riot, and sqrt, and 
suggests appropriate exception handling for fp_chw, copysign, fabs, finite, fmod, isinf, isnan, ilogb, 
ldexp-, logb, nextafter, scalb, scalbn and signbit, but does not specify exception handling for the other 
libm functions. 

For these other unspecified functions the spirit of the IEEE Standard is generally followed in libm by han
dling invalid operand, singularity (division by zero). overflow, and underflow exceptions, as much as possi
ble, in the same way they are handled for the fundamental floating-point operations such as addition and 
multiplication. 

These unspecified functions are usually not quite correctly rounded, may not observe the optional rounding 
directions, and may not set the inexact exception correctly. 

SYSTEM V EXCEPTIOS HANDLING 
The System V Interface Definition {SVID) specifies exception handling for some libm functions: jO( ), jl( ), 
jn(), y0(), yl{), yo(), exp(), log(), logl0(), pow(), sqrt(), bypot(), lgamma(), sinh(), cosb(), sin(), 
cos(), tan(), asin(), acos( ), and atanl(). See matberr(3M) for a discussion of the extent to which Sun's 
implementation of libm follows the SVID when it is consistent with the IEEE Standard and with hardware 
efficiency. 
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IN'IRO(3M) MATHEMATICAL LIBRARY INTRO(3M) 

LIST OF MATH LIBRARY FUNCTIONS 
Name 

acos() 
acosh() 
aint() 
anint() 
asin() 
asinh() 
atan() 
atan2() 
atanh() 
cbrt() 
ceil() 
copysign() 
cm() 
cmh() 
erf() 
erfc() 
exp() 
expml() 
exp2() 
expl0() 
rahs() 
finite() 
floor() 
fmod() 
fp _ clas.,( ) 
frexp() 
hypot() 
ieee_flags() 
ieee _handler() 
ilogb() 
infinity() 
irint() 
isinf() 
isnan() 
isnormal() 
mubnormal() 
iszero() 
j0() 
jl() 
jn() 
ldexp() 
)gamma() 
log() 
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Appears on Page 

beSRl(3M) 
frexp(3M) 
hyperbolic(3M) 
ieee _runctions(3M) 
ieee_test(3M) 
ieee _ values(3M) 
trig(3M) 
trig(3M) 
hyperbolic(3M) 
rint(3M) 
rint(3M) 
trig(3M) 
hyperbolic(3M) 
trig(3M) 
trig(3M) 
hyperbolic(3M) 
sqrt(3M) 
rint(3M) 
ieee _runctions(3M) 
trig(3M) 
hyperbolic(3M) 
erf(3M) 
erf(3M) 
exp(3M) 
exp(3M) 
exp(3M) 
exp(3M) 
ieee _runctions(3M) 
ieee _runctions(3M) 
rint(3M) 
ieee _runctions(3M) 
ieee _functions(3M) 
frexp(3M) 
hypot(3M) 
ieee _flags(3M) 
ieee _ handler(3M) 
ieee _runctions(3M) 
ieee_ values(3M) 
rint(3M) 
ieee _runctions(3M) 
ieee _runctions(3M) 
ieee _runctions(3M) 
ieee _runctions(3M) 
ieee _runctions(3M) 
be~l(3M) 
beSRl(3M) 
bes.wl(3M) 
frexp(3M) 
lgamma(3M) 
exp(3M) 

Description 

Bessel functions 
floating-point analysis 
hyperbolic functions 
IEEE classification 
IEEE tests for compliance 
returns double-precision IEEE infinity 
trigonometric functions 
inverse ttigonometric functions 
inverse hyperbolic function 
convert to integral value in floating-point format 
convert to integral value in floating-point format 
inverse trigonometric function 
inverse hyperbolic function 
inverse ttigonometric function 
rectangular to polar conversion 
inverse hyperbolic function 
cube root 
ceiling function 
copy sign bit 
trigonometric function 
hyperbolic function 
error function 
complementary error function 
exponential function 
exp(X)-1 
2**X 
t0o•X 
absolute value function 
test for finite number 
floor function 
floating-point remainder 
classify operand 
floating-point analysis 
Euclidean distance 
IEEE mod~ and status 
IEEE trapping 
exponent extraction 
returns double-precision IEEE infinity 
convert to integral value in integer fonnat 
IEEE classification 
IEEE classification 
IEEE classification 
IEEE classification 
IEEE classification 
Bessel function 
Bessel function 
Bessel function 
exponent adjustment 
log gamma function 
natural logarithm 
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logb() 
loglp() 
log2() 
logl0() 
matherr() 
max_normal() 
max_subnormal() 
min_ normal() 
min _subnormal() 
modf() 
nextafter( ) 
Dint() 
pow() 
quiet_ nan() 
remainder() 
rint() 
scalb() 
scalbn() 
signaling_ nan() 
signbit() 
significand() 
sin() 
sincos() 
single _precision() 
sinh() 
sqrt() 
tan() 
tanb() 
yO() 
yl() 
yn() 
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MATHEMATICAL LIBRARY INTRO(3M) 

ieee _ test(3M) 
exp(3M) 
exp(3M) 
exp(3M) 
matberr(3M) 
ieee _ values(3M) 
ieee _ values(3M) 
ieee _ values(3M) 
ieee _ values(3M) 
frexp(3M) 
ieee _functions(3M) 
rint(3M) 
exp(3M) 
ieee_ values(3M) 
ieee _runctions(3M) 
rint(3M) 
ieee _ test(3M) 
ieee _runctions(3M) 
ieee _ values(3M) 
ieee _runctions(3M) 
ieee _ test(3M) 
trig(3M) 
trig(3M) 
single _precision(3M) 
hyperbolic(3M) 
sqrt(3M) 
trig(3M) 
hyperbolic(3M) 
bessel(3M) 
bessel(3M) 
be~l(3M) 

exponent extraction 
log{l+X) 
logbase2 
common logarithm 
math library exception-handling routines 
double-precision IEEE largest positive nonnalized number 
double-precision IEEE largest positive subnonnal number 
double-precision IEEE smallest positive nonnalized number 
double-precision IEEE smallest positive subnonnal number 
floating-point analysis 
IEEE nearest neighbor 
convert to integral value in integer fonnat 
powerX••Y 
returns double-precision IEEE quiet NaN 
floating-point remainder 
convert to integral value in floating-point fonnat 
exponent adjustment 
exponent adjustment 
returns double-precision IEEE signaling NaN 
IEEE sign bit test 
scalb(x,-ilogb(x)) 
trigonometric function 
simultaneous sin and cos 
single-precision libm access 
hyperbolic function 
square root 
trigonometric function 
hyperbolic function 
Bessel function 
Bessel function 
Bessel function 
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BESSEL(3M) MA TIIEMA TICAL LIBRARY 

NAME 
jO, j 1, jn, yO, y 1, yn - Bessel functions 

SYNOPSIS 
#include <math.h> 

double jO(x) 
doublex; 

doublejl(x) 
doublex; 

double jn(n, x) 
doublex; 
into; 

double yO(x) 
doublex; 

double yl(x) 
doublex; 

double yn(n, x) 
double x; 
int n; 

DESCRIPTION 

BESSEL(3M) 

These functions calculate Bessel functions of the first and second kinds for real arguments and integer ord
ers. 

SEE ALSO 
exp(3M) 

DIAGNOSTICS 
The functions yO. yl, and yn have logarithmic singularities at the origin, so they treat zero and negative 
arguments the way log does, as described in exp(3M). Such arguments are unexceptional for jO,jl, andjn. 
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ERF(3M) 

NAME 
erf, erfc - error functions 

SYNOPSIS 
#include <math.h> 

double erf(x) 
doublex; 

double erfc(x) 
doublex; 

DESCRIPTION 

MATHEMATICAL LIBRARY 

erf(x) returns the error function of .x; where err (x):= (2/✓x) f: exp(-t2) dL 

ERF(3M) 

erfc(x) returns 1.0-erf(x), computed however by other methods that avoid cancellation for large .x. 
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EXP(3M) MATHEMATICAL LIBRARY EXP(3M) 

NAME 
exp, expml, exp2, explO, log, loglp, log2, loglO. pow - exponential, logarithm. power 

SYSOPSIS 
#include <matb.b> 

double exp(x) 
doublex; 

double expml(x) 
double x; 

double exp2(x) 
doublex; 

double exp lO(x) 
doublex; 

double log(x) 
doublex; 

double loglp(x) 
doublex; 

double log2(x) 
double x; 

double loglO(x) 
double x; 

double pow(x, y) 
doublex, y; 

DESCRIPTION 
exp() returns the exponential function e••x. 

expml() returns e••x-1 accurately even for tiny x. 

exp2() and explO() return 2 .. x and 10 .. x respectively. 

log( ) returns the natural logarithm of x. 

loglp() returns log(l+x) accurately even for tiny x. 

log2() and log10() return the logarithm to base 2 and 10 respectively. 

pow() returns .r-•y. pow(x,0.0) is 1 for all x, in conformance with 4.3BSD, as discussed in the Floating 
Point Programmers Guide. 

SEE ALSO 
matherr(3M) 

DIAGNOSTICS 

1086 

All these functions handle exceptional arguments in the spirit of ANSI/IEEE Std 7S4-198S. Thus for x = 
±0, log(x) is --oo with a division by zero exception; for x < 0, including-. log(x) is a quiet NaN with an 
invalid operation exception; for x = +oo or a quiet NaN, log(x) is x without exception; for x a signaling 
NaN, log(x) is a quiet NaN with an invalid operation exception; for x = 1, log(x) is O without exception; 
for any other positive x, log(x) is a normalized number with an inexact exception. 

In addition, exp,exp2,exp10, log,log2,Jog10, and pow() may also set errno and call matherr(3M). 
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FREXP(3M) MATHEMATICAL LIBRARY FREXP(3M) 

NAME 
frexp, modf, ldexp - traditional UNIX functions 

SYNOPSIS 
#include <math.h> 

double frexp(value, eptr) 
double value; 
int •eptr; 

double ldexp(x,n) 
doublex; 
int n; 

double modf(value, iptr) 
double value, •iptr; 

DESCRIPTION 
These functions are provided for compatibility with other UNIX system implementations. They are not 
used internally in libm or libc. Better ways to accomplish similar ends may be found in 
ieee _ runctions(3M) and rint(3M). 

ldexp(.x,n) returns .x • 2••n computed by exponent manipulation rather than by actually performing an 
exponentiation or a multiplication. Note: ldexp(.x,n) differs from scalbn(.x,n), defined in 
ieee_runctions(3M), only that in the event of IEEE overflow and underflow, ldexp(.x,n) sets errno to 
ERANGE. 

Every non-zero number can be written uniquely as .x • 2••n, where the significand .xis in the range 0.5 <= 
Ix/ < 1.0 and the exponent n is an integer. The function frexp() returns the significand of a double value as 
a double quantity, .x, and stores the exponent n, indirectly through eptr. If value = 0, both results returned 
by frexp() are 0. 

modf() returns the fractional part of value and stores the integral part indirectly through iptr. Thus the 
argument value and the returned values modf() and •iptr satisfy 

( •iptr + mod/) = value 

and both results have the same sign as value. The definition of modf() varies among UNIX system imple
mentations, so avoid modf() in ponable code. 

The results of frexp() and modf() are not defined when value is an IEEE infinity or NaN. 

SEE ALSO 
ieee_runctions(3M), rint(3M) 
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HYPERBOLIC (3M) MATIIEMATICAL LIBRARY HYPERBOLIC (3M) 

NAME 
sinh, cosh, tanh, asinh, acosh, atanh - hyperbolic functions 

SYNOPSIS 
#include <math.h> 

double sinb(x) 
doublex; 

double cosb(x) 
doublex; 

double taob(x) 
doublex; 

double asinh(x) 
doublex; 

double acosh(x) 
doublex; 

double atanh(x) 
doublex; 

DESCRIPTION 
These functions compute the designated direct and inverse hyperbolic functions for real arguments. They 
inherit much of their roundoff error from expml() and loglp, described in exp(3M). 

DIAGNOSTICS 
These functions handle exceptional arguments in the spirit of ANSI/IEEE Std 754-198S. -Thus sinh() and 
cosh() return :too on overflow, acosb() returns a NaN if its argument is less than 1, and atanh() returns a 
NaN if its argument has absolute value greater than 1. In addition, sinh,cosb, and tanh() may also set 
en-no and call matherr(3M). 

SEE ALSO 
exp(3M),matherr(3M) 
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HYPOT(3M) 

NAME 
hypot - Euclidean distance 

SYNOPSIS 
#include <math.h> 

double hypot(:x, y) 
double x, y; 

DESCRIPTION 
hypot() returns 

sqrt(x•x + y•y), 

MATHEMATICAL LIBRARY HYPO"r(3M) 

taking precautions against unwammted IEEE exceptions. On IEEE overflow, bypot() may also set errno 
and call matherr(3M). hypot(±oo, y) is +oo for any y, even a NaN, and is exceptional only for a signaling 
NaN. 

hypot(x,y) and atan2(3M) convert rectangular coordinates (.r,y) to polar {r,8); hypot() computes r, the 
modulus or radius. 

SEE ALSO 
matherr(3M) 
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IEEE_ FLAGS ( 3M) MATHEMATICAL LIBRARY IEEE_ FLAGS (3M) 

ieee _ flags - mode and status function for IEEE standard arithmetic 

SY~OPSIS 
#include <Syslieeefp.h> 

int ieee _ ftags{action,mode,in,out) 
char •action, •mode, •in, ••out; 

DESCRIPTION 

1090 

This function provides easy access to the modes and status required to fully exploit ANSI/IEEE Std 754-
1985 arithmetic in a C program. All arguments are pointers to strings. Results arising from invalid argu
ments and invalid combinations are undefined for efficiency. 

There are four types of action: "get", "set", "clear", and "clearall". There are three valid settings for 
mode, two corresponding to modes of IEEE arithmetic: 

"direction", ... current rounding direction mode 
"precision", ... current rounding precision mode 

and one corresponding to status of IEEE arithmetic: 

''exception''. 

There are 14 types of in and oUJ: 

''nearest'', 
''tozero'', 
"negative", 
"positive", 
''extended'', 
"double", 
"single", 
'•inexact'', 
"division", 
''underflow'', 
''overflow'', 
"invalid", 
"all", 
''common''. 

. .. accrued exception-occurred status 

... round toward nearest 

... round toward zero 

... round toward negative infinity 

.. _. round toward positive infinity 

... division by zero exception 

... all five exceptions above 

. .. invalid, overflow, and division exceptions 

Note: "all" and "common" only make sense with "set" or "clear". 

For "clearall9 ', ieee_flags() returns 0 and restores all default modes and status. Nothing will be assigned 
to out. Thus 

char •mode, •out, •in; 
ieee_ftags("clearall" ,mode, in, &out); 

set rounding direction to "nearest", rounding precision to "extended'\ and all accrued exception-occurred 
status to zero. 

For "clear", ieee _ flags() returns O and restores the default mode or status. Nothing will be assigned to 
out. Thus 

char •out, •in; 
ieee_flags("clear" ,"direction", in, &out); ... set rounding direction to round to nearest. 
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IEEE_FLAGS ( 3M) MATHEMATICAL LIBRARY IEEE_FLAGS (3M) 

FILES 

For "set", ieee_ftags() returns O if the action is successful and 1 if the corresponding required status or 
mode is not available (for instance, not supponed in hardware). Nothing will be assigned to out. Thus 

char •out, •in; 
ieee_ftags ("set" ,"direction" ,"tozero" ,&out); ... set rounding direction to round toward zero; 

For "get", we have the following cases: 

Case 1: mode is "direction". In that case, out returns one of the four strings "nearest", "tozero", "posi
tive", "negative"; and ieee_ftags() returns a value corresponding to out according to the enum 
fp _direction_ type defined in <sys/ieeefp.h>. 

Case 2: mode is "precision". In that case, our returns one of the three strings "extended", "double", 
"single"; and ieee_ftags() returns a value corresponding to out according to the enumfp_precision_type 
defined in <sys/ieeefp.h>. 

Case 3: mode is "exception". In that case, out returns 

{a) ''not available'' if information on exception is not available, 
(b) "no exception" if no accrued exception, 
(c) the accrued exception that has the highest priority according to the list below 

(1) the exception named by in, 
(2) "invalid'', 
(3) "overflow", 
(4) "division", 
(5) "underflow", 
(6) "inexact". 

In this case ieee_ftags() returns a five bit value where each bit (cf. enum fp_exceprion_rype in 
<Syslieeefp.h>) corresponds to an exception-occurred accrued status flag: 0 • off, 1 = on. The bit 
corresponding to a particular exception varies among architectures. 

Example: 

char •out; int k, ieee flags(); 
ieee_ftags ("clear" ,"exception" ,"all" ,&out); /• clear all accrued exceptions •I 

... (code that generates three exceptions: o,·erftow, invalid, inexact) 

k = ieee_ftags("get" ,"exception" ,"overflow" ,&out); 

then out= "overflow", and on a Sun-3, k=25. 

/usr /incl ude/sys/ieeef p .h 
/usr/lib/libm.a 
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IEEE_FUNCTIONS (3M) MATI-IEMATICAL LIBRARY IEEE_FUNCTIONS ( 3M) 

NAME 
ieee_functions, fp_class, finite, ilogb, isinf, isnan, • isnormal, issubnonnal, iszero, signbi~ copysign, fabs, 
fmod, nextafter, remainder, scalbn - appendix and related miscellaneous functions for JEEE arithmetic 

SYNOPSIS 

1092 

#include <math.h> 

enum fp _ clag _ type fp _ claa(x) 
double x; 

int finite(x) 
doublex; 

int ilogb(x) 
doublex; 

intisinf(x) 
doublex; 

int isnan(x) 
doublex; 

int isnormal(x) 
double x; 

int issubnormal(x) 
doublex; 

int iszero(x) 
doublex; 

int signbit(x) 
doublex; 

double copysign(x,y) 
double x, y; 

double fabs(x) 
double x; 

double fmod(x,y) 
double x, y; 

double nextafter(x,y) 
double x, y; 

double remainder(x,y) 
double x, y; 

double scalbn(x,n) 
double x; int n; 
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IEEE_FUNCTIONS ( 3M) MATIIEMATICAL LIBRARY IEEE_FUNCTIONS (3M) 

DESCRIPl10N 

FlLES 

Most of these functions provide capabilities required by ANSI/IEEE Std 754-1985 or suggested in its appen
dix. 

fp_dass(x) corresponds to the IEEE's class0 and classifies x as zero, subnonnal, nonnal, 00, or quiet or 
signaling NaN; dloatingpoint.h> defines enum fp _class_ type. The following functions return O if the 
indicated condition is not satisfied: 

finite(x) returns 1 if x is zero, subnormal or normal 
isinf(x) retmns 1 if x is oo 
isnan(x) returns 1 if x is NaN 
isnormal(x) retmns 1 if x is normal 
issubnormal(x) returns 1 if x is subnormal 
iszero(x) retmns 1 if x is zero 
signbit(x) returns 1 if x 's sign bit is set 

ilogb(x) returns the unbiased exponent of x in integer formaL ilogb(±oo) = +MAXINT and ilogb(O) = 
-MAX11''T; <values.b> defines MAXINT as the largest inL ilogb(x) never generates an exception. When x 
is subnonnal, ilogb(x) returns an exponent computed as if x were first normalized. 

copysign(x,y) returns x with y's sign biL 

fabs(x) returns the absolute value of x. 

nextafter(x ,y) returns the next machine representable number from x in the direction y. 

remainder(x,y) and fmod(x,y) return a remainder of x with respect toy; that is, the result r is one of the 
numbers that differ from x by an integral multiple of y. Thus (x-r)/y is an integral value, even though it 
might exceed MAXINT if it were explicitly computed as an inL Both functions return one of the two such r 
smallest in magnitude. remainder(x,y) is the operation specified in ANSI/IEEE Std 754-1985; the result of 
fmod(x,y) may differ from remainder's result by ±y. The magnitude of remainder's result can not 
exceed half that of y; its sign might not agree with either x or y. The magnitude of fmod' s result is less 
than that of y; its sign agrees with that of x. Neither function can generate an exception as long as both 
arguments are normal or subnormal. remainder( x, 0), fmod( x, 0), remainder(oo, y ), and fmod(00, y) 
are invalid operations that produce a NaN. 

scalbn(x,n) returns x• l••n computed by exponent manipulation rather than by actually performing an 
exponentiation or a multiplication. Thus 

1 ~ scalbn(fabs(x ),-ilogb(x)) < 2 

for every x except 0, oo, and NaN. 

/usr/include/floatingpoint.h 
/usr/include/math.b 
/usr/include/values.h 
/usr/lib/libm.a 

SEE ALSO 
8oatingpoint(3), ieee _ environment(3M), matherr(3M) 
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IEEE_HANDLER (3M) MAlHEMATICAL LIBRARY IEEE_ HANDLER (3M) 

NAME 
ieee _ handler - IEEE exception trap handler function 

SYNOPSIS 
#include <floatingpoint.h> 

int ieee _ handler(action,exception,hdl) 
char action[], exception[]; 
sigfpe_handler _type hdl; 

DESCRIPTION 
This function provides easy exception handling to exploit ANSI/IEEE Std 754-1985 arithmetic in a C pro
gram. All arguments are pointers to strings. Results arising from invalid arguments and invalid combina
tions are undefined for efficiency. 

There are three types of action: "get", "set", and "clear". There are five types of exception : 
"inexact" 
"division" ... division by zero exception 
''underflow'' 
"overflow" 
"invalid" 
"all" 
''common'' 

... all five exceptions above 

... invalid. overflow, and division exceptions 

Note: "all" and "common" only make sense with "set" or "clear". 

hdl contains the address of a signal-handling routine. <floatingpoint.h> defines sigfpe _handler_ type. 

"get" will get the location of the current handler routine for exception in hdl . "set" will set the routine 
pointed at by hdl to be the handler routine and at the same time enable the trap on exception, except when 
hdl === SIGFPE_DEFAULT or SIGFPE_IGNORE; then ieee_handler() will disable the trap on exception. 
When hdl == SIGFPE_ABORT, any trap on exception will dump core using abort(3). "clear" "all" dis
ables trapping on all five exceptions. 

Two steps are required to intercept an IEEE-related SIGFPE code with ieee_handler: 

1) Set up a handler with ieee_handler. 

2) Perform a floating-point operation that generates the intended IEEE exception. 

Unlike sigfpe{3), ieee_handler() also adjusts floating-point hardware mode bits affecting IEEE trapping. 
For "clear", "set" SIGFPE_DEFAULT, or "set" SIGFPE_IGNORE, the hardware trap is disabled. For 
any other "set", the hardware trap is enabled. 

SIGFPE signals can be handled using sigvec(2), signal(3), signal(3F), sigfpe(3), or ieee_handler(3M). In 
a panicular program, to avoid confusion, use only one of these interfaces to handle SIGFPE signals. 

DIAGNOSTICS 
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ieee_handler{) normally returns 0. In the case of "set", 1 will be returned if the action is not available 
(for instance, not supported in hardware). 
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IEEE_ HANDLER (3M) MATIIEMATICAL LIBRARY IEEE_HANDLER (3M) 

EXAMPLE 

FILES 

A user-specified signal handler might look like this: 
void sample_handler( sig, code, scp, addr) 
int sig; /• sig = SIGFPE always•/ 
int code; 
struct sigcontext •scp ; 
char •addr; 
{ 

I• 
Sample user-\Vritten sigfpe code handl~r. 
Prints a message and continues. 
struct sigcontext is defined in <Signal.h> . . , 

printf("ieee exception code %x occurred at pc %X \n" ,code,scp•>SC_pc); 
} 

and it might be set up like this: 
extern void sample_handler(); 
main() 
{ 

sigfpe_handler _type hdl, old_handlerl, old_handler2; 
I• 
• save current overflow and invalid handlers 
•I 

ieee_bandler("get" ,"overflow" ,old_handlerl); 
ieee_handler("get", "invalid", old_handler2); 

• set new overflow handler to sample_handler() and set new 
• invalid handler to SJGFPE_ABORT (abort on in\'alid) 
•I 

I• 

hdl = (sigfpe_handler _type) sample_handler; 
if(ieee_handler("set" ,"overflow" ,hdl) != 0) 

printf(" ieee _ handler can't set overflow \n" ); 
if(ieee_handler("set" ,"invalid" ,SIGFPE_ABORT) != 0) 

printf("ieee_handler can't set invalid \n .. ); 

• restore old overflow and invalid handlers 
•I 

} 

ieee_handler("set" ,"overflow", old_handlerl); 
ieee_handler("set" ,"invalid", old_handler2); 

/usr/include/floatingpoint.h 
/usr/include/signal.h 
/usr/lib/libm.a 

SEE ALSO 
sigvec(2), abort(3), floatingpoint(3), sigfpe(3), signal(3), signal(3F) 
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NAME 
ieee_test, logb, scalb, significand- IEEE test functions for verifying standard compliance 

SYNOPSIS 
#include <math.h> 

double logb(x) 
doublex; 

double scalb(x,y) 
double x; double y; 

double significand(x) 
doublex; 

DESCRIPTION 

FILES 

These functions allow users to verify compliance to ANSI/IEEE Std 754-1985 by running certain test vec
tors distributed by the University of California. Their use is not otherwise recommended; instead use 
scalbn(.x,n) and ilogb(.x) described in ieee_runctions(3M). See the Floating Point Programmers Guide 
for details. 

logb(.x) returns the unbiased exponent of .x in-floating-point fonnat, for exercising the logb(L) test vector. 
logb(±oo) = +oo; logb(O) = -oo with a division by zero exception. logb(.x) differs from ilogb(.x) in returning 
a result in floating-point rather than integer format, in sometimes signaling IEEE exceptions, and in not nor
malizing subnonnal .x. 

scalb(.x,(double)nJ returns .x • 2••n computed by exponent manipulation rather than by actually perfonn
ing an exponentiation or a multiplication, for exercising the scalb(S) test vector. Thus 

0 S scalb(fabs(.x ),-logb(.x)) < 2 
for every .x except 0, oo and NaN. scalb(.x,y) is not defined when y is not an integral value. scalb(.x,y) 
differs from scalbn(.x,nJ in that the second argwnent is in floating-point rather than integer fonnat. 

significand(.x) computes just 
scalb(.x, (double) -ilogb(.x)), 

for exercising the fraction-part(F) test vector. 

/usr/include/math.b 
/usr/lib/libm.a 

SEE ALSO 
ftoatingpoiot(3), ieee _ values(JM), ieee _ruoctions(3M), matherr(3M) 
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NAME 
ieee_ values, min_subnonnal, max_subnonnal, min_nonnal, max_nonnal, infinity, quiet_nan, 
signaling_nan, HUGE, HUGE_ VAL - functions that return extreme values of IEEE arithmetic 

SYNOPSIS 
#include <math.h> 

double min_subnormal() 

double max_subnormal() 

double min_normal() 

double max_normal() 

double infinity() 

double quiet_ nan(n) 
long n; 

double signaling_ nan(n) 
long n; 

#define HUGE (infinity()) 

#define HUGE_ VAL (infinity()) 

DESCRIPTION 

FILES 

These functions return special values associated with ANSI/IEEE Std 754-1985 double-precision floating
point arithmetic: the smallest and largest positive subnonnal numbers, the smallest and largest positive nor
malized numbers, positive infinity, and a quiet and signaling NaN. The long parameters n to quiet_nan(n) 
and signaling_ nan(n) are presently m1used but are reserved for- future use to specify the significand of the 
returned NaN. 

None of these functions are affected by IEEE rounding or trapping modes or generate any IEEE exceptions. 

The macro HUGE returns +oo in accordance with previous Sunos releases. The macro HUGE_ v AL returns 
+oo in accor4ance with the System V Interface Definition. 

/usr/include/math.h 
/usr/lib/libm.a 

SEE ALSO 
ieee _runctions(3M) 
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NAME 
lgamma - log gamma function 

SYNOPSIS 
#include <math.II> 

extern int signgam; 

double lgamma(x) 
doublex; 

DESCRIPTION 
lgamma() returns 

where 

forx>Oand 

for x < 1. 

MATHEMATICAL LIBRARY 

lnlr(x)I 

r(x) = 'tx-le-tdt 

r(x) = ,r/(r(l-x) sin(,cx)) 

The external integer signgam returns the sign of r(x). 

IDIOSYNCRASIES 

LGAMMA(3M) 

Do not use the expression signgam•exp(lgamma(x)) to compute 'g := r(x)'. Instead compute lgamma() 
first: 

lg= lgamma(x); g = signgam•expOg); 

only after ljamma() has returned can signgam be correcL Note: r(x) must overflow when .x is large 
enough, underflow when -.x is large enough, and generate a division by zero exception at the singularities .x 
a nonpositive integer. In addition, lgamma() may also set errno and call matherr(3M). 

SEE ALSO 
matherr(3M) 
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NAME 
matherr - math library exception-handling function 

SYNOPSIS 
#include <math.h> 

int matherr(exc) 
struct exception •exc; 

DESCRIPTION 
1be SVID (System VI nterf ace Definition) specifies that certain libm functions call matherr( ) when excep
tions are detected. Users may define their own mechanisms for handling exceptions, by including a func
tion named matherr() in their programs. matherr() is of the fonn described above. When an exception 
occurs, a pointer to the exception structure ac will be passed to the user-supplied matherr() function. 
This structure, which is defined in the <math.b> header file, is as follows: 

struct exception { 
int type; 
char •name; 
double argl, argl, retval; 

}; 

The element type is an integer describing the type of exception that has occurred, from the following list of 
constants (defined in the header file): 

DOMAIN argument domain exception 
SING argument singularity 
OVERFLOW overflow range exception 
UNDERFLOW underflow range exception 

The element name points to a siring containing the name of the function that incurred the exception. The 
elements argl and arg2 are the arguments with which the function was invoked. retval is set to the default 
value that will be returned by the function unless the user's matherr() sets it to a different value. 

If the user's matherr() function returns non-zero, no exception message will be printed, and errno will 
not be seL 

If matherr() is not supplied by the user, the default matherr exception-handling mechanisms, summarized 
in the table below, will be invoked upon exception: 

DOMAIN=fp _ invalid 
An IEEE NaN is usually returned, errno is set to EDOM, and a message is printed on standard 
error. pow(x,0.0) for any x and atan2(0.0,0.0) return numerical default results but set errno and 
print the message. 

SING=fp _ division 
An IEEE oo of appropriate sign is returned, errno is set to EDOM, and a message is printed on stan
dard error. 

OVERFLOW==fp _overflow 
In the default rounding direction, an IEEE oo of appropriate sign is retumed. In optional rounding 
directions, ±MAXDOUBLE, the largest finite double-precision number, is sometimes returned 
instead of ±oo. errno is set 19 ERANGE. 

UNDERFLOW==fp _underflow 
An appropriately-signed zero, subnormal number, or smallest nonnaliud number is returned, and 
errno is set to ERANGE. 

The facilities provided by matherr() are not available in situations such as compiling on a Sun-3 system 
with /usr/lib/f68881/libm.il or /usr/lib/ffpa/libmJI, in which case some libm functions are convened to 
atomic hardware operations. In these cases setting errno and calling matherr() are not worth the adverse 
performance impact, but regular ANSI/IEEE Std 754-1985 exception handling remains available. In any 
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1100 

case errno is not a reliable error indicator in that it may be unexpectedly set by a function in a handler for 
an asynchronous signal. 

DEFAULT ERROR HANDLING PROCEDURES 

Types of Errors 
<math.h> type DOMAIN SING OVERFLOW UNDERFLOW 

errno EDOM EDOM ERANGE ERANGE 
IEEE Exception Invalid Operation Division by Zero Overflow Underflow 
<floatingpoint.h> type fp_invalid fp_division fp_overflow fp_underflow 

ACOS, ASIN: M,NaN - - -
AT AN2(0,0): M,±0.0or±ff - - -
BESSEL: 
yO, yl, yn (x < 0) M,NaN - - -
y0, yl, yn (x = 0) - M,-oo - -
COSH,SINH: - - IEEE Overflow -
EXP: - - IEEE Overflow IEEE Underflow 

HYPOT: - - IEEE Overflow -
LGAMMA: - M,+oo IEEE Overflow -
LOO,LOOl0: 
(x <0) M,NaN - - -
(x=0) - M,--oo - -

POW: 
usual cases - - IEEE Overflow IEEE Underflow 
(x < 0) • • (y not an integer) M,NaN - - -
0 •• 0 M,1.0 - - -
0**(y<0) - M,±oo - -

SQRT: M,NaN - - -
ABBREVIATIONS 

M Message is printed (EDOM exception). 
NaN IEEE NaN result and invalid operation exception. 

oo IEEE oo result and division-by-zero exception. 
IEEE Overflow IEEE Overflow result and exception. 
IEEE Underflow IEEE Underflow result and exception. 

7t Closest machine-representable approximation to pi. 

The interaction of IEEE arithmetic and matherr( ) is not de~ned when executing under IEEE rounding 
modes other than the default round to nearest: matherr() may not be called on overflow or underflow, and 
the Sun-provided matherr( ) may retmn results that differ from those in this table. 
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EXAMPLE 
#include <math.h> 

int 
matherr(x) 
register struct exception •x; 
{ 

) 

Sun Release 4.0 

switch (x->type) { 
c.e 

DOMAIN: 
/• change sqrt to return sqrt(-argl), not NaN •/ 
ir (!strcmp(x->name, "sqrtst )) { 

x->retval = sqrt(-x->argl); 
return (0); I• print message and set errno •I 

) /• fall through •/ 
c.e 

) 

SING: 
/• all other domain or sing exceptions, print me~ge and abort •/ 
fprintr(stderr, "domain exception in %s\n", x->name); 
abort(); 
break; 

return (0); /• all other exceptions, execute default procedure•/ 

Last change: 20 January 1988 
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NAME 
aint. anint. ceil, floor, rint, i.rint, nint- round to integral value in floating-point or integer format 

SYNOPSIS 
#include <math.b> 

double aint(x) 
doublex; 

double anint(x) 
doublex; 

double ceil(x) 
double x; 

double ftoor(x) 
doublex; 

double rint(x) 
doublex; 

int irint(x) 
doublex; 

int nint(x) 
doublex; 

DESCRIPTION 

1102 

aint, anint, ceil, floor, and riot() convert a double value into an integral value in double formaL They 
vary in how they choose the result when the argument is not already an integral value. Here an "integral 
value" means a value of a mathematical integer, which however might be too large to fit in a particular 
computer's int formaL All sufficiently large values in a particular floating-point format are already 
integral; in IEEE double-precision format, that means all values >= 2••52. Zeros, infinities, and quiet 
NaNs are treated as integral values by these functions, which always preserve their argument's sign. 

aint() retm1W the integral value between x and 0, nearest x. This corresponds to IEEE rounding toward 
zero and to the Fortran generic intrinsic function aint. 

anint() returns the nearest integral value to x, except halfway cases are rounded to the integral value larger 
in magnitude. This corresponds to the Fortran generic intrinsic function anint. 

ceil() returns the least integral value greater than or equal to x. This corresponds to IEEE rounding toward 
positive infinity. 

Boor() returns the greatest integral value less than or equal to x. This corresponds to IEEE rounding 
toward negative infinity. 

rint() rounds x 10 an integral value according to the current IEEE rounding direction. 

irint converts .x into int format according 10 the current IEEE rounding direction. 

nint() converts x into int format ro~ding to the nearest int value, except halfway cases are rounded to the 
int value larger in magnitude. This corresponds to the Fortran generic intrinsic function nint. 
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NAME 
single_precision - Single-precision access to math library functions 

SYNOPSIS 
#indude <math.h> 

FLOATFUNCTIONTYPE r _acos_ (x) 
FLOA TFUNCTIONTYPE r _acosh_ (x) 
FLOATFUNCl'IONTYPE r_aint_ (x) 
FLOATFUNCl'IONTYPE r_anint_ (x) 
FLOATFUNCTIONTYPE r_asin_ (x) 
FLOATFUNCTIONTYPE r_asinh_ (x) 
FLOATFUNCTIONTYPE r _atan_ (x) 
FLOATFUNCTIONTYPE r_atanh_ (x) 
FLOATFUNCTIONTYPE r_atanl_ (x,y) 
FLOATFUNCl'IONTYPE r_cbrt_ (x) 
FLOATFUNCl'IONTYPE r_ceil_ (x) 
enum fp_d~_type ir_fp_class_ (x) 
FLOATFUNCl'IONTYPE r_copysign_ (x,y) 
FLOATFUNCl'IONTYPE r_cos_ (x) 
FLOATFUNCl'IONTYPE r _ cosh_ (x) 
FLOATFUNCTIONTYPE r_err_ (x) 
FLOATFUNCTIONTYPE r_errc_ (x) 
FLOATFUNCTIONTYPE r _exp_ (x) 
FLOATFUNCl'IONTYPE r_expml_ (x) 
FLOATFUNCTIONTYPE r_expl_ (x) 
FLOATFUNCTIONTYPE r_expl0_ (x) 
FLOATFUNCTIONTYPE r _fabs_ (x) 
int ir_finite_ (x) 
FLOATFUNCTIONTYPE r_floor_ (x) 
FLOATFUNCTIONTYPE r _fmod_ (x,y) 
FLOATFUNCTIONTYPE r_hypot_ (x,y) 
int ir _ ilogb _ (x) 
int ir _irint_ (x) 
int ir _isinr - (x) 
int ir _ isnan _ (x) 
int ir _isnormal_ (x) 
int ir_issubnormal_ (x) 
int ir _ iszero _ (x) 
int ir _nint_ (x) 
FLOATFUNCTIONTYPE r_infinity_ () 
FLOA TFUNCTIONTYPE r JO_ (x) 
FLOATFUNCTIONTYPE r Jl_ (x) 
FLOATFUNCTIONTYPE rJn_ (n,x) 
FLOATFUNCTIONTYPE r_lgamma_ (x) 
FLOATFUNCTIONTYPE r_logb_ (x) 
FLOATFUNCTIONTYPE r _log_ (x) 
FLOATFUNCTIONTYPE r_loglp_ (x) 
FLOATFUNCTIONTYPE r_log2_ (x) 
FLOATFUNCTIONTYPE r _logl0 _ (x) 
FLOATFUNCTIONTYPE r _max_normal_ () 
FLOATFUNCTIONTYPE r_max_subnormal_ () 
FLOATFUNCTIONTYPE r_min_normal_ () 
FLOATFUNCTIONTYPE r_min_subnormal_ () 
FLOATFUNCTIONTYPE r _ nextafter _ (x,y) 
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FLOATFUNCTIONTYPE r _pow_ (x,y) 
FLOATFUNCTIONTYPE r_quiet_nan_ (n) 
FLOATFUNCTIONTYPE r_remainder_ (x,y) 
FLOATFUNCTIONTYPE r_rint_ (x) 
FLOATFUNCTIONTYPE r_scalb_ (x,y) 
FLOATFUNCTIONTYPE r _scalbn_ (x,n) 
FLOATFUNCTIONTYPE r_signaling_nan_ (n) 
int ir _signbit_ (x) 
FLOATFUNCTIONTYPE r_significand_ (x) 
FLOATFUNCTIONTYPE r_sin_ (x) 
void r_sincos_ (x,s,c) 
FLOATFUNCTIONTYPE r _sinh _ (x) 
FLOATFUNCTIONTYPE r_sqrt_ (x) 
FLOA TFUNCTIONTYPE r _tan_ (x) 
FLOATFUNCTIONTYPE r_tanh_ (x) 
FLOATFUNCTIONTYPE r_yO_ (x) 
FLOATFUNCTIONTYPE r Jl_ (x) 
FLOATFUNCTIONTYPE r JD_ (n,x) 

float •x, •y, •s, •c 
int •n 

DESCRIPTION 

FILES 

1104 

These functions are single-precision versions of certain libm functions. Primarily for use by Fortran pro
grammers, these functions may also be used in other languages. The single-precision floating-point results 
are deviously declared to avoid C's automatic type conversion to double. 

/usr/lib/libm.a 
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NAME 
sqrt_ cbrt - cube roo~ square root 

SYNOPSIS 
#include <math.h> 

double cbrt(x) 
doublex; 

double sqrt(x) 
doublex; 

DESCRIPTION 

MATHEMATICAL LIBRARY SQRT(3M) 

,,,. 

sqrt(x) returns the square root of x, correctly ro1mded according to ANSI/IEEE 754-1985. In addition, 
sqrt() may also set errno and call matherr(3M). 

cbrt(x) returns the cube root of x. cbrt() is accurate to within 0. 7 ulps. 

SEE ALSO 
matherr(3M) 
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NAME 
sin, cos, tan, asin, acos, atan, atan2 - ttigonometric functions 

SYNOPSIS 
#include <math.h> 

double sin(x) 
doublex; 

double cos(x) 
doublex; 

void sincos(x, s, c) 
double x, •s, •c; 

double tan(x) 
doublex; 

double asin(x) 
doublex; 

double acos(x) 
doublex; 

double atan(x) 
doublex; 

double atan2(y, x) 
double y, x; 

DESCRIPTION 
sin, cos, sincos, and tan() return ttigonometric functions of radian arguments. The values of trigonomettic 
functions of arguments exceeding 'IC/4 in magnitude are affected by the precision of the appro.ximation to 
1C/2 used to reduce those arguments to the range -'IC/4 to 'IC/4. Argument reduction may occur in hardware 
or software; if in software, the variable fp _pi defined in <matb.h> allows changing that precision at run 
time. Trigonometric argument reduction is discussed in the Floating Point Programmers Guide. Note that 
sincos(x,s,c) allows simultaneous computati~n of •s = sin(x) and •c = cos(x). 

asin() returns the arc sin in the range -ft/]. to ft/2. 

acos() returns the arc cosine in the range O to Jt. 

atan( ) returns the arc tangent of x in the range -'Jr/2 to 'Jr/2. 
atanl(y,x) and bypot(3M) convert rectangular coordinates (x,y) to polar (r,8); atan2() computes 8, the 
argument or phase, by computing an arc tangent of y/x in the range -Jt to Jt. atan2(0.0,0.0) is ±0.0 or ±1t, 
in conformance with 4.3BSD, as discussed in the Floating Point Programmers Guide. 

DIAGNOSTICS 
These functions handle exceptional arguments in the spirit of ANSI/IEEE Std 7S4-1985. sin(±oo), cos(±00), 
tan(±oo), or asin(x) or acos(x) with lxl> 1, return NaN. In addition, asin, acos, and atan2() may also set 
errno and call matberr(3M). 

SEE ALSO 
bypot(3M), matberr(3M) 

1106 Last change: 22 November 1987 Sun Release 4.0 


