1C9X Floating-PointWG14/N595 X3J11/96-059 (Draft 9/12/96)Jim Thomas5517 Hendon CourtSunnyvale, CA 94087jthomas@best.com10This document describes the detailed changes to made to C9X Draft 6 (N559) inorder to incorporate the floating-point proposal accepted at the Amsterdam meeting. Ithas been approved by the editorial review committee and is intended for the redactor. Itis basically the proposal N546 (post Irvine mailing), with151.overview and rationale removed (to reappear elsewhere)2.C9X references updated to Draft 63.the footnote (presented to X3J11 at Amsterdam) to further highlight the conditionalnature of the IEC 559 annex4.long long versions of two functions205.some corrections (from Fred Tydeman) regarding when domain and range errorsoccur or might occur6.a few author’s editorial changes7.positive values of FLT_EVAL_METHOD reserved for future use8.several clarifications and corrections from the editorial review committee (Fred25Tydeman, Douglas Walls, Frank Farance, and John Kwan).(Note that the page number is not printed on the blank pages inserted in order for majorsections to begin on right-hand pages.)30

3C9X EditsFeature: �Recommended practice� designation53 Definitions and conventionsInsert the following definition:3.xx recommended practice: Sections so entitled contain specification that is strongly10recommended as being in keeping with the intent of the standard, but that may beimpractical for some implementations.Feature: Expression evaluation methods155.1.2.3 Program executionRemove the last sentence of example 3.205.2.4.2.2 Characteristics of floating types <float.h>Replace the last three sentences of [1] with:Of the values in the <float.h> header, FLT_EVAL_METHOD and FLT_RADIX shall be25constant expressions suitable for use in #if preprocessing directives; all other valuesneed not be constant expressions. All except FLT_EVAL_METHOD, FLT_RADIX, andFLT_ROUNDS have separate names for all three floating-point types. The floating-pointmodel representation is provided for all values except FLT_EVAL_METHOD andFLT_ROUNDS.30After paragraph [2] add:The values of operations with floating operands and subject to the usual arithmeticconversions and of floating constants are evaluated to a format whose range and precision35may be greater than required by the type. The use of evaluation formats is characterizedby the value of FLT_EVAL_METHOD:-1indeterminable0evaluate all operations and constants just to the range and precision of the type401evaluate operations and constants of type float and double to the range andprecision of the double type, evaluate long˚double operations and constants to therange and precision of the long˚double type2evaluate all operations and constants to the range and precision of the long˚doubletype45All other negative values for FLT_EVAL_METHOD characterize implementation-definedbehavior.

WG14/N595 X3J11/96-0599/12/964C9X Floating-Point�Edits6.3.4 Cast operatorsFootnote the last sentence of [4] with:If the value of the expression is represented with greater precision or range than required by the type named5by the cast (6.2.1.5), then the cast specifies a conversion even if the type of the expression is the same asthe named type.Feature: Dynamic FLT_ROUNDS105.2.4.2.2 Characteristics of floating types <float.h>In [2], add the following footnote to �rounding mode�:15Evaluation of FLT_ROUNDS correctly reflects any execution-time change of rounding mode through thefunction fesetround in˚<fenv.h>.Feature: Hexadecimal floating constants203. Definitions and conventionsAdd the following definition:253.x correctly rounded result: A representation in the result format that is nearest invalue, subject to the effective rounding mode, to what the result would be given unlimitedrange and precision.6.1.3.1 Floating constants30Replace the syntax with the following syntax:Syntax35floating-constant:decimal-floating-constanthexadecimal-floating-constantdecimal-floating-constant:40fractional-constant exponent-partopt floating-suffixoptdigit-sequence exponent-part floating-suffixopthexadecimal-floating-constant:0x hexadecimal-fractional-constant binary-exponent-part floating-suffixopt450X hexadecimal-fractional-constant binary-exponent-part floating-suffixopt0x hexadecimal-digit-sequence binary-exponent-part floating-suffixopt0X hexadecimal-digit-sequence binary-exponent-part floating-suffixopt

Draft 9/12/96WG14/N595 X3J11/96-059C9X Floating-Point�Edits5fractional-constant:digit-sequenceopt . digit-sequencedigit-sequence .exponent-part:5e signopt digit-sequenceE signopt digit-sequencesign: one of+ -10digit-sequence:digitdigit-sequence digit15hexadecimal-fractional-constant:hexadecimal-digit-sequenceopt . hexadecimal-digit-sequencehexadecimal-digit-sequence .binary-exponent-part:20p signopt digit-sequenceP signopt digit-sequencehexadecimal-digit-sequence:hexadecimal-digit25hexadecimal-digit-sequence hexadecimal-digithexadecimal-digit: one of0 1 2 3 4 5 6 7 8 9a b c d e f30A B C D E Ffloating-suffix: one off l F L35In the third sentence of the Description, replace �e or E� with �e, E, p, or P�.Replace the second clause of the last sentence of the Description with:for decimal floating constants, either the period or the exponent part shall be present.40Replace the first paragraph of the Semantics with:The significand part is interpreted as a (decimal or hexadecimal) rational number; thedigit sequence in the exponent part is interpreted as a decimal integer. For decimal45floating constants, the exponent indicates the power of 10 by which the significand part isto be scaled. For hexadecimal floating constants, the exponent indicates the power of 2by which the significand part is to be scaled. For decimal floating constants, and also forhexadecimal floating constants when FLT_RADIX is not a power of 2, if the scaled value isin the range of representable values (for its type) the result is either the nearest50representable value, or the larger or smaller representable value immediately adjacent tothe nearest representable value, chosen in an implementation-defined manner. Forhexadecimal floating constants, if FLT_RADIX is a power of 2 and the scaled value is in

WG14/N595 X3J11/96-0599/12/966C9X Floating-Point�Editsthe range of representable values (for its type), then the result of a hexadecimal floatingconstant is correctly rounded.Recommended practice5The implementation emits a non-fatal diagnostic if a hexadecimal constant cannot berepresented exactly in its evaluation format.6.1.3.2 Integer constants10Delete the hexadecimal-digit syntax (now in 6.1.3.1).6.1.8 Preprocessing numbersBefore the last line of the Syntax insert:15pp-number p signpp-number P sign7.11.1.4 The strtod function20Replace the first sentence of [4] with:The expected form of the subject sequence is an optional plus or minus sign, then one ofthe following:25¥a nonempty sequence of decimal digits optionally containing a decimal-pointcharacter, then an optional exponent part as defined in 6.1.3.1;¥a 0x or 0X, then a nonempty sequence of hexadecimal digits optionally containing30a decimal-point character, then an optional binary-exponent part, where either thedecimal-point character or the binary-exponent part is present;but no floating suffix.35In the first sentence of [5], replace �if neither an exponent part nor a decimal-pointcharacter appears� with �if neither an exponent part, a binary-exponent part, nor adecimal-point character appears�.After paragraph [6] insert the paragraph:40If the subject sequence has the hexadecimal form and FLT_RADIX is a power of 2,then the value resulting from the conversion is correctly rounded.After the Description insert:45Recommended practiceIf the subject sequence has the hexadecimal form and FLT_RADIX is not a power of 2,then the result is one of the two numbers in the appropriate internal format that are50adjacent to the hexadecimal floating source value, with the extra stipulation that the errorhave a correct sign for the current rounding direction.

Draft 9/12/96WG14/N595 X3J11/96-059C9X Floating-Point�Edits77.17.4.1.1 The wcstod functionReplace the first sentence of [4] with:The expected form of the subject sequence is an optional plus or minus sign, then one of5the following:¥a nonempty sequence of decimal digits optionally containing a decimal-pointwide character, then an optional exponent part as defined for the correspondingsingle-byte characters in subclause 6.1.3.1;10¥a 0x or 0X, then a nonempty sequence of hexadecimal digits optionally containinga decimal-point wide character, then an optional binary-exponent part, where eitherthe decimal-point character or the binary-exponent part is present;15but no floating suffix.In the first sentence of [5], replace �if neither an exponent part nor a decimal-point widecharacter appears� with �if neither an exponent part, a binary-exponent part, nor adecimal-point wide character appears�.20After paragraph [6], insert the paragraph:If the subject sequence has the hexadecimal form and FLT_RADIX is a power of 2,then the value resulting from the conversion is correctly rounded.25After the Description insert:Recommended practice30If the subject sequence has the hexadecimal form and FLT_RADIX is not a power of 2,then the result is one of the two numbers in the appropriate internal format that areadjacent to the hexadecimal floating source value, with the extra stipulation that the errorhave a correct sign for the current rounding direction.357.10.6.1 The fprintf functionIn the third bullet of [4], replace �e, E,� with �a, A, e, E,�.In the fourth bullet of [4], replace �e, E,� with �a, A, e, E,�.40In the # flag specification in [6], replace �e, E,� with �a, A, e, E,�.In the 0 flag specification in [6], replace �e, E,� with �a, A, e, E,�.45After the g, G conversion specifier and its meaning in [8], insert:a, AThe double argument is converted in the style [-]0xh.hhhhp–d. The number ofhexadecimal digits h after the decimal-point character is equal to the precision;if the precision is missing and FLT_RADIX is a power of 2, then the precision is50sufficient for an exact representation of the value; if the precision is missingand FLT_RADIX is not a power of 2, then the precision is sufficient to distinguishvalues of type double, except that trailing zeros may be omitted. Thehexadecimal digit to the left of the decimal-point character is nonzero for

WG14/N595 X3J11/96-0599/12/968C9X Floating-Point�Editsnormalized floating-point numbers and is otherwise unspecified; if theprecision is zero and the # flag is not specified, no decimal-point characterappears. The letters abcdef are used for a conversion and the letters ABCDEF forA conversion. The a conversion specifier will produce a number with x and pand the A conversion specifier will produce a number with X and P. The5exponent always contains at least one digit, and only as many more digits asnecessary to represent the decimal exponent of 2. If the value is zero, theexponent is zero.In the second sentence of the preceding inserted text, footnote the word �distinguish�10with:The precision p is sufficient to distinguish values of the source type if

p− 1

16 > nb

15where b is FLT_RADIX and n is the number of base-b digits in the significand of the source type. A smallerp might suffice depending on the implementation�s scheme for determining the digit to the left of thedecimal-point character.20In the third sentence of the preceding inserted text, footnote the word �implementation�with:Binary implementations can choose the hexadecimal digit to the left of the decimal-point character so thatsubsequent digits align to nibble (4-bit) boundaries.25At the end of the Description append the paragraphs:For a and A conversions, if FLT_RADIX is a power of 2, the value is correctly roundedto a hexadecimal floating number with the given precision.30Recommended practiceIf FLT_RADIX is not a power of 2, the result is one of the two adjacent numbers inhexadecimal floating style with the given precision, with the extra stipulation that the35error have a correct sign for the current rounding direction.7.17.2.1 The fwprintf functionIn the third bullet of [5], replace �e, E,� with �a, A, e, E,�.40In the fourth bullet of [5], replace �e, E,� with �a, A, e, E,�.In the # flag specification in [7], replace �e, E,� with �a, A, e, E,�.45In the 0 flag specification in [7], replace �e, E,� with �a, A, e, E,�.After the g, G conversion specifier and its meaning in [8], insert:a, AThe double argument is converted in the style [-]0xh.hhhhp–d. The number of50hexadecimal digits h after the decimal-point wide character is equal to theprecision; if the precision is missing and FLT_RADIX is a power of 2, then theprecision is sufficient for an exact representation of the value; if the precision ismissing and FLT_RADIX is not a power of 2, then the precision is sufficient to

Draft 9/12/96WG14/N595 X3J11/96-059C9X Floating-Point�Edits9distinguish values of type double, except that trailing zeros may be omitted.The hexadecimal digit to the left of the decimal-point wide character is nonzerofor normalized floating-point numbers and is otherwise unspecified; if theprecision is zero and the # flag is not specified, no decimal-point wide characterappears. The letters abcdef are used for a conversion and the letters ABCDEF for5A conversion. The a conversion specifier will produce a number with x and pand the A conversion specifier will produce a number with X and P. Theexponent always contains at least one digit, and only as many more digits asnecessary to represent the decimal exponent of 2. If the value is zero, theexponent is zero.10In the second sentence of the preceding inserted text, footnote the word �distinguish�with:The precision p is sufficient to distinguish values of the source type if15

p− 1

16 > nb

where b is FLT_RADIX and n is the number of base-b digits in the significand of the source type. A smallerp might suffice depending on the implementation�s scheme for determining the digit to the left of the20decimal-point wide character.In the third sentence of the preceding inserted text, footnote the word �implementation�with:25Binary implementations can choose the hexadecimal digit to the left of the decimal-point wide character sothat subsequent digits align to nibble (4-bit) boundaries.At the end of the Description append the paragraphs:30For a and A conversions, if FLT_RADIX is a power of 2, the value is correctly roundedto a hexadecimal floating number with the given precision.Recommended practice35If FLT_RADIX is not a power of 2, the result is one of the two adjacent numbers inhexadecimal floating style with the given precision, with the extra stipulation that theerror have a correct sign for the current rounding direction.7.10.6.2 The fscanf function40In the third bullet of [4], replace �e, f, and g� with �a, e, f, and g�.In [13], replace �e, f, g� with �a, e, f, g�.45In [17], replace �specifiers E,� with �specifiers A, E,�. In the same paragraph, replace�respectively, e,� with �respectively, a, e,�.7.17.2.2 The fwscanf function50In [4], replace �e, f, and g� with �a, e, f, and g�.In [12], replace �e, f, g� with �a, e, f, g�.

WG14/N595 X3J11/96-0599/12/9610C9X Floating-Point�EditsIn [17], replace �specifiers E,� with �specifiers A, E,�. In the same paragraph, replace�respectively, e,� with �respectively, a, e,�.Feature: Output of wide exponents57.10.6.1 The fprintf functionIn the "e, E" item in [8], in the next to last sentence, replace �at least two digits� with �atleast two digits, and only as many more digits as necessary to represent the exponent�.107.17.2.1 The fwprintf functionIn the "e, E" item in [8], in the next to last sentence, replace �at least two digits� with �atleast two digits, and only as many more digits as necessary to represent the exponent�.15Feature: Support for infinities, NaNs, and -05.2.4.2.2 Characteristics of floating types <float.h>20In [1], before the sentence beginning "Of the values in the <float.h> header ...", insert:Floating types might include values that are not normalized floating-point numbers, forexample subnormal numbers (x „ 0, e = emin, f1 = 0), infinities, and NaNs. A N a N is an25e n c o d i n g s i g n i f y i n g N o t - a - N u m b e r . A quiet NaN propagates through almost everyarithmetic operation without raising an exception; a signaling NaN generally raises anexception when occurring as an arithmetic operand.Footnote the last inserted sentence above with:30IEC 559 specifies quiet and signaling NaNs. For implementations that do no support IEC 559, the termsquiet NaN and signaling NaN are intended to apply to encodings with similar behavior.7.11.1.4 The strtod function35In the first sentence of [4], as amended by the change above for hexadecimal floatingconstants, after the last bullet, insert:¥one of INF or INFINITY, ignoring case40¥one of NAN or NAN(n-char-sequenceopt ), ignoring case in the NAN part, wheren-char-sequence:digit45nondigitn-char-sequence digitn-char-sequence nondigit

Draft 9/12/96WG14/N595 X3J11/96-059C9X Floating-Point�Edits11In the first sentence of [5], replace �expected form� with �expected form for a floating-point number�.After the first sentence of the [5], insert:5A character sequence INF or INFINITY is interpreted as an infinity, if representable in thedouble type, else like a floating constant that is too large for the range of double. Acharacter sequence NAN or NAN(n-char-sequenceopt) i s i n t e r p r e t e d a s a q u i e t N a N , i f supported in the double type, else like a subject sequence part that does not have theexpected form; the meaning of the n-char sequences is implementation-defined.10In the preceding insertion, footnote �implementation-defined� with:An implementation may use the n-char-sequence to determine extra information to be represented in theNaN�s significand.15In the next to last sentence of [5], footnote �negated� with:The strtod function honors the sign of zero if the arithmetic supports signed zeros.207.17.4.1.1 The wcstod functionIn the first sentence of [4], as amended by the change above for hexadecimal floatingconstants, after the last bullet, insert:25¥one of INF, INFINITY, or any wide string equivalent except for case¥one of NAN, or NAN(n-wchar-sequenceopt ), or any wide string equivalent exceptfor case in the NAN part, where30n-wchar-sequence:digitnondigitn-wchar-sequence digitn-wchar-sequence nondigit35In the first sentence of [5], replace �expected form� with �expected form for a floating-point number�.After the first sentence of [5], insert:40A wide character sequence INF or INFINITY is interpreted as an infinity, if representablein the double type, else like a floating constant that is too large for the range of double.A wide character sequence NAN or NAN(n-wchar-sequenceopt) is interpreted as a quietNaN, if supported in the double type, else like a subject sequence part that does not have45the expected form; the meaning of the n-wchar sequences is implementation-defined.In the preceding insertion, footnote �implementation-defined� with:An implementation may use the n-wchar-sequence to determine extra information to be represented in the50NaN�s significand.

WG14/N595 X3J11/96-0599/12/9612C9X Floating-Point�EditsIn the next to last sentence of [5], footnote �negated� with:The wcstod function honors the sign of zero if the arithmetic supports signed zeros.7.10.6.1 The fprintf function5In the third bullet of [4], replace �E, and f� with �E, f, and F�.In the fourth bullet of [4], replace �E, f,� with �E, f, F,�.10Footnote the + flag specification in [6] with:The results of all floating conversions of a negative zero include a minus sign.In the # flag specification in [6], replace �E, f,� with �E, f, F,�.15In the 0 flag specification in [6], replace �E, f,� with �E, f, F,�.In the list of conversion specifiers and their meanings in [8], change the �f� bullet to �f,F�.20In the f item in the list of conversion specifiers and their meanings in [8], replace�double argument� with �double argument representing a floating-point number�.At the end of the f item in the list of conversion specifiers and their meanings in [8],25append the paragraph:A double argument representing an infinity is converted in one of the styles[-]inf or [-]infinity�which style is implementation-defined. A double argumentrepresenting a NaN is converted in one of the styles [-]nan or30[-]nan(n-char-sequence)�which style, and the meaning of any n-char-sequence, isimplementation-defined. The F conversion specifier will produce an INF, INFINITY, orNAN instead of an inf, infinity, or nan.Footnote the preceding inserted paragraph with:35When applied to infinite and NaN values, the -, +, and space flag characters have their usual meaning; the# and 0 flag characters have no effect .In the e item in the list of conversion specifiers and their meanings in [8], replace40�double argument� with �double argument representing a floating-point number�.At the end of the e item in the list of conversion specifiers and their meanings in [8],append the sentence:45A double argument representing an infinity or a NaN is converted in the style of an f orF conversion specifier.In the newly inserted a item in the list of conversion specifiers and their meanings in [8],replace �double argument� with �double argument representing a floating-point50number�.

Draft 9/12/96WG14/N595 X3J11/96-059C9X Floating-Point�Edits13In the newly inserted a item in the list of conversion specifiers and their meanings in [8],append the sentence:A double argument representing an infinity or a NaN is converted in the style of an f orF conversion specifier.5In the g item in the list of conversion specifiers and their meanings in [8], replace �styleE� with �style F or E�.7.17.2.1 The fwprintf function10In the third bullet of [5], replace �E, and f� with �E, f, and F�.In the fourth bullet of [5], replace �E, f,� with �E, f, F,�.15Footnote the + flag specification in [7] with:The results of all floating conversions of a negative zero include a minus sign.In the # flag specification in [7], replace �E, f,� with �E, f, F,�.20In the 0 flag specification in [7], replace �E, f,� with �E, f, F,�.In the list of conversion specifiers and their meanings in [8], change the �f� bullet to �f,F�.25In the f item in the list of conversion specifiers and their meanings in [8], replace�double argument� with �double argument representing a floating-point number�.At the end of the f item in the list of conversion specifiers and their meanings in [8],30append the paragraph:A double argument representing an infinity is converted in one of the styles[-]inf or [-]infinity�which style is implementation-defined. A double argumentrepresenting a NaN is converted in one of the styles [-]nan or35[-]nan(n-wchar-sequence)�which style, and the meaning of any n-wchar-sequence, isimplementation-defined. The F conversion specifier will produce an INF, INFINITY, orNAN instead of an inf, infinity, or nan.Footnote the preceding inserted paragraph with:40When applied to infinite and NaN values, the -, +, and space flag wide characters have their usual meaning;the # and 0 flag wide characters have no effect .In the e item in the list of conversion specifiers and their meanings in [8], replace45�double argument� with �double argument representing a floating-point number�.At the end of the e item in the list of conversion specifiers and their meanings in [8],append the sentence:50A double argument representing an infinity or a NaN is converted in the style of an f orF conversion specifier.

WG14/N595 X3J11/96-0599/12/9614C9X Floating-Point�EditsIn the newly inserted a item in the list of conversion specifiers and their meanings in [8],replace �double argument� with �double argument representing a floating-pointnumber�.In the newly inserted a item in the list of conversion specifiers and their meanings in [8],5append the sentence:A double argument representing an infinity or a NaN is converted in the style of an f orF conversion specifier.10In the g item in the list of conversion specifiers and their meanings in [8], replace �styleE� with �style F or E�.Feature: Correctly rounded binary-decimal conversion156.1.3.1 Floating constantsInsert after semantics (as revised above) the paragraph:20Recommended practiceThe translation-time conversion of floating constants matches the execution-timeconversion of character strings by library functions, such as strtod, given matchinginputs suitable for both conversions, the same result format, and default execution-time25rounding.Footnote the preceding paragraph with: (note the subclause number will be incrementedby a subsequent change)30The specification for the library functions recommends more accurate conversion than required for floatingconstants. See strtod (7.11.1.5).7.11.1.4 The strtod function35After the Description insert the paragraph:Recommended practiceIf the subject sequence has the decimal form and at most D E C I M A L _ D I G (defined in40<math.h>) significant digits, then the value resulting from the conversion is correctlyrounded. If the subject sequence D has the decimal form and more than DECIMAL_DIGsignificant digits, consider the two bounding, adjacent decimal strings L and U, bothhaving DECIMAL_DIG significant digits, such that the values of L, D, and U satisfy L £ D£ U. The result of conversion is one of the (equal or adjacent) values that would be45obtained by correctly rounding L and U according to the current rounding direction, withthe extra stipulation that the error with respect to D has a correct sign for the currentrounding direction.

Draft 9/12/96WG14/N595 X3J11/96-059C9X Floating-Point�Edits15Footnote the preceding inserted paragraph with:DECIMAL_DIG, defined in <math.h>, is recommended to be sufficiently large that L and U will usuallyround to the same internal floating value, but if not will round to adjacent values.57.17.4.1.1 The wcstod functionAfter the Description insert the paragraph:Recommended practice10If the subject sequence has the decimal form and at most DECIMAL_DIG (defined in<math.h>) significant digits, then the value resulting from the conversion is correctlyrounded. If the subject sequence D has the decimal form and more than DECIMAL_DIGsignificant digits, consider the two bounding, adjacent decimal strings L and U, both15having DECIMAL_DIG significant digits, such that the values of L, D, and U satisfy L £ D£ U. The result of conversion is one of the (equal or adjacent) values that would beobtained by correctly rounding L and U according to the current rounding direction, withthe extra stipulation that the error with respect to D has a correct sign for the currentrounding direction.20Footnote the preceding inserted paragraph with:DECIMAL_DIG, defined in <math.h>, is recommended to be sufficiently large that L and U will usuallyround to the same internal floating value, but if not will round to adjacent values.257.10.6.1 The fprintf functionAt the end of the Description insert the paragraph:30Recommended practiceFor e, E, f, F, g, and G conversions, if the number of significant decimal digits is atmost DECIMAL_DIG, then the result is correctly rounded. If the number of significantdecimal digits is more than DECIMAL_DIG but the source value is exactly representable35with DECIMAL_DIG digits, then the result is an exact representation with trailing zeros.Otherwise, the source value is bounded by two adjacent decimal strings L˚<˚U, bothhaving DECIMAL_DIG significant digits; the value of the result decimal string D satisfiesL˚£˚D˚£˚U, with the extra stipulation that the error have a correct sign for the currentrounding direction.40In the first sentence of the preceding paragraph, footnote �correctly rounded� with:For binary-to-decimal conversion, the result format’s values are the numbers representable with the givenformat specifier. The number of significant digits is determined by the format specifier, and in the case of45fixed-point conversion by the source value as well.7.17.2.1 The fwprintf functionAt the end of the Description insert the paragraph:50

WG14/N595 X3J11/96-0599/12/9616C9X Floating-Point�EditsRecommended practiceFor e, E, f, F, g, and G conversions, if the number of significant decimal digits is atmost DECIMAL_DIG, then the result is correctly rounded. If the number of significantdecimal digits is more than DECIMAL_DIG but the source value is exactly representable5with DECIMAL_DIG digits, then the result is an exact representation with trailing zeros.Otherwise, the source value is bounded by two adjacent decimal strings L˚<˚U, bothhaving DECIMAL_DIG significant digits; the value of the result decimal string D satisfiesL˚£˚D˚£˚U, with the extra stipulation that the error have a correct sign for the currentrounding direction.10In the first sentence of the preceding paragraph, footnote �correctly rounded� with:For binary-to-decimal conversion, the result format’s values are the numbers representable with the givenformat specifier. The number of significant digits is determined by the format specifier, and in the case of15fixed-point conversion by the source value as well.Feature: FP environment management205.1.2.3 Program executionIn the first sentence of [2], footnote �side effects� with:The IEC 559 standard for binary floating-point arithmetic requires certain status flags and control modes,25with user access. Floating-point operations implicitly set the status flags; modes affect result values offloating-point operations. Implementations that support such floating-point state will need to regardchanges to it as side effects�see Annex X for details. The floating-point environment library <fenv.h>provides a programming facility for indicating when these side effects matter, freeing the implementationin other cases.30Feature: Strings -> float, long˚double7.11.1 String conversion functions35Add two new subclauses and renumber others accordingly (note to reviewers andredactor: HUGE_VALF and HUGE_VALL are defined in <math.h>):7.11.1.4 The strtof function40Synopsis#include <stdlib.h>float strtof(const char *nptr, char **endptr);45DescriptionThe strtof function is similar to the strtod function, except the returned value has typefloat and plus or minus HUGE_VALF is returned for values outside the range.50

Draft 9/12/96WG14/N595 X3J11/96-059C9X Floating-Point�Edits177.11.1.7 The strtold functionSynopsis#include <stdlib.h>5long double strtold(const char *nptr, char **endptr);DescriptionThe strtold function is similar to the s t r t o d function, except the returned value has10type long˚double and plus or minus HUGE_VALL is returned for values outside the range.7.17.4.1 Wide-string numeric conversion functionsAdd two new subclauses and renumber others accordingly (note to reviewers and15redactor: HUGE_VALF and HUGE_VALL are defined in <math.h>):7.17.4.1.1 The wcstof functionSynopsis20#include <wchar.h>float wcstof(const wchar_t *nptr, wchar_t **endptr);Description25The wcstof function is similar to the wcstod function, except the returned value has typefloat and plus or minus HUGE_VALF is returned for values outside the range.7.17.4.1.4 The wcstold function30Synopsis#include <wchar.h>long double wcstold(const wchar_t *nptr, wchar_t **endptr);35DescriptionThe wcstold function is similar to the w c s t o d function, except the returned value hastype long˚double and plus or minus HUGE_VALL is returned for values outside the range.40Feature: Contraction control6.3 Expressions45Append after [7] the paragraph :A floating expression may be contracted, that is, evaluated as though it were anatomic operation, thereby omitting rounding errors implied by the source code and the50expression evaluation method. The FP_CONTRACT macros in <math.h> provide a way to

WG14/N595 X3J11/96-0599/12/9618C9X Floating-Point�Editsdisallow contracted expressions. Otherwise, whether and how expressions are contractedis implementation defined.Footnote the first sentence in the preceding new paragraph with:5A contracted expression might also omit side effects such as the raising of floating-point exception flags.Footnote the preceding new paragraph with:This license is specifically intended to allow implementations to exploit fast machine instructions that10combine multiple C operators. As contractions potentially undermine predictability, and can even decreaseaccuracy for containing expressions, their use must be well-defined and clearly documented.Feature: Optimization guidance155.1.2.3 Program executionAdd an example after current example 3:20Implementations employing wide registers must take care to honor appropriatesemantics. Values must be independent of whether they are represented in a register or inmemory. For example, an implicit spilling of a register must not alter the value. Also, anexplicit store and load must round to the precision of the storage type. In particular, castsand assignments must perform their specified conversion: for the fragment25double d1, d2;float f;d1 = f = expression;d2 = (float) expression;30the values assigned to d1 and d2 must have been converted to float.Add an example after current example 4:35Rearrangement for floating-point expressions is restricted because of limitations inprecision as well as range. The implementation cannot generally apply the mathematicalassociative rules for addition or multiplication, nor the distributive rule, because ofroundoff error, even in the absence of overflow and underflow. Likewise, theimplementation cannot generally replace decimal constants in order to rearrange40expressions. In the following fragment, rearrangements suggested by mathematical rulesfor real numbers are not valid. See Annex X.8.double x, y, z;/*...*/45x = (x * y) * z;/* not equivalent to x *= y * z; */z = (x - y) + y;/* not equivalent to z = x; */z = x + x * y;/* not equivalent to z = x * (1.0 + y); */y = x / 5.0;/* not equivalent to y = x * 0.2; */50

Draft 9/12/96WG14/N595 X3J11/96-059C9X Floating-Point�Edits19Feature: Optional IEC 559 support4 ComplianceFootnote the first sentence of [1] with:5This implies that a strictly conforming program can use features in a conditionally normative annexprovided the use is conditioned by a #ifdef directive with the conformance macro for the annex, as in#ifdef __STDC_IEC_559__ /* FE_UPWARD defined */...10fesetround(FE_UPWARD);...#endif6.8.8 Predefined macro names15After paragraph [1], insert the paragraph:The following macro name is defined if and only if the implementation conforms toAppendix X:20__STDC_IEC_559__ The decimal constant 1.Feature: Constant values in <float.h>255.2.4.2.2 Characteristics of floating types <float.h>In [1], replace the sentence beginning "Of the values in the <float.h> header ..." with:30All integral values in the <float.h> header, except FLT_ROUNDS, shall be constantexpressions suitable for use in #if preprocessing directives; all floating values shall beconstant expressions.Note to redactor: The change immediately above needs to be applied after the earlier35change that introduced FLT_EVAL_METHOD.

21Mathematics (Enhanced) <math.h>Replace 7.6 with the following:7.x Mathematics <math.h>5The header <math.h> declares two types and several mathematical functions anddefines several macros. Most synopses specify a function which takes one or two doublearguments and returns a double value; for each such function, there are functions withthe same name but with f and l suffixes which are corresponding functions with float10and long double arguments and return values.1 Integer arithmetic functions andconversion functions are discussed later.The types15float_tdouble_tare floating types at least as wide as float and double, respectively, and such thatdouble_t is at least as wide as float_t. If FLT_EVAL_METHOD equals 0, float_t and20double_t are float and double, respectively; if FLT_EVAL_METHOD equals 1, they areboth double; if FLT_EVAL_METHOD equals 2, they are both long double; and for othervalues of FLT_EVAL_METHOD, they are otherwise implementation-defined.2The macro25HUGE_VALexpands to a positive double constant expression, not necessarily representable as afloat. The macros30HUGE_VALFHUGE_VALLare respectively float and long˚double analogs of HUGE_VAL.335The macroINFINITY40expands to a constant expression of type float_t representing an implementation-defined positive or unsigned infinity, if available, else to a positive constant of typefloat_t that overflows at translation time.

1 Particularly on systems with wide expression evaluation, the <math.h> function macros might passarguments and return values in wider format than the synopsis prototype indicates.2 The types float_t and double_t are intended to be the implementation�s most efficient types at least aswide as float and double, repectively. For FLT_EVAL_METHOD equal 0, 1, or 2, the type float_t is thenarrowest type used by the implementation to evaluate floating expressions.3 HUGE_VAL, HUGE_VALF, and HUGE_VALLcanbepositiveinfinitiesinanimplementationthatsupportsinfinities.

WG14/N595 X3J11/96-0599/12/9622C9X Floating-Point�<math.h>The macroNANis defined if and only if the implementation supports quiet NaNs for the float_t type. It5expands to a constant expression of type float_t representing an implementation-defined quiet NaN.The macros10FP_NANFP_INFINITEFP_NORMALFP_SUBNORMALFP_ZERO15are for number classification. They represent the mutually exclusive kinds of floating-point values. They expand to integral constant expressions with distinct values.The macro20DECIMAL_DIGexpands to an integral constant expression whose value is implementation-defined. Itrepresents a number of decimal digits supported by conversion between decimal and all25internal floating-point formats.4Recommended practiceConversion from (at least) d o u b l e to decimal with DECIMAL_DIG digits and back is30the identity function.57.x.1 The FP_CONTRACT macrosSynopsis35#include <math.h>FP_CONTRACT_ON;FP_CONTRACT_OFF;FP_CONTRACT_DEFAULT;40DescriptionThe FP_CONTRACT macros can be used to allow (if the state is on) or disallow (if thestate is off) the implementation to contract expressions (6.3). Each macro can occur45

4 DECIMAL_DIG is intended to give an appropriate number of digits to carry in canonical decimalrepresentations.5 In order that correctly rounded conversion from an internal floating-point format with precision m todecimal with DECIMAL_DIG digits and back be the identity function, DECIMAL_DIG should be a positiveinteger n satisfying the inequality:n ‡ mif FLT_RADIX is 1010n-1>FLT_RADIXmotherwise

Draft 9/12/96WG14/N595 X3J11/96-059C9X Floating-Point�<math.h>23either outside external declarations or preceding all declarations and statements inside acompound statement. When outside external declarations, the macro takes effect from itsoccurrence until another FP_CONTRACT macro is encountered, or until the end of thetranslation unit. When inside a compound statement, the macro takes effect from itsoccurrence until another FP_CONTRACT macro is encountered (within a nested compound5statement), or until the end of the compound statement; at the end of a compoundstatement the state for the macros is restored to its condition just before the compoundstatement. The effect of one of these macros in any other context is undefined. Thedefault state (on or off) for the macros is implementation-defined.107.x.2 Classification macrosIn the synopses in this subclause, floating-type indicates a parameter of the samefloating type as the argument. The result is undefined if an argument is not of floatingtype.157.x.2.1 The fpclassify macroSynopsis20#include <math.h>int fpclassify(floating-type x);Description25The fpclassify macro classifies its argument value as NaN, infinite, normal,subnormal, or zero. First, an argument represented in a format wider than its semantictype is converted to its semantic type. Then classification is based on the type of theargument.630ReturnThe fpclassify macro returns the value of the number classification macroappropriate to the value of its argument.35ExampleThe fpclassify macro might be implemented in terms of ordinary functions as#define fpclassify(x) ((sizeof(x) == sizeof(float)) ? __fpclassifyf(x) \40: (sizeof(x) == sizeof(double)) ? __fpclassifyd(x) \: __fpclassifyl(x))7.x.2.2 The signbit macro45Synopsis#include <math.h>int signbit(floating-type x);50

6 Since an expression can be evaluated with more range and precision than its type has, it is important toknow the type that classification is based on. For example, a normal long˚double value might becomesubnormal when converted to double, and zero when converted to float.

WG14/N595 X3J11/96-0599/12/9624C9X Floating-Point�<math.h>DescriptionThe signbit macro determines whether the sign of its argument value is negative.7Return5The signbit macro returns a nonzero value if and only if the sign of its argumentvalue is negative.7.x.2.3 The isfinite macro10Synopsis#include <math.h>int isfinite(floating-type x);15DescriptionThe isfinite macro determines whether its argument has a finite value (zero,subnormal, or normal, and not infinite or NaN). First, an argument represented in a20format wider than its semantic type is converted to its semantic type. Then determinationis based on the type of the argument.Return25The isfinite macro returns a nonzero value if and only if its argument has a finitevalue.7.x.2.4 The isnormal macro30Synopsis#include <math.h>int isnormal(floating-type x);35DescriptionThe isnormal macro determines whether its argument value is normal (neither zero,subnormal, infinite, nor NaN). First, an argument represented in a format wider than itssemantic type is converted to its semantic type. Then determination is based on the type40of the argument.ReturnThe isnormal macro returns a nonzero value if and only if its argument has a normal45value.

7 The signbit macro faithfully reports the sign of all values, including infinities, zeros, and NaNs.

Draft 9/12/96WG14/N595 X3J11/96-059C9X Floating-Point�<math.h>257.x.2.5 The isnan macroSynopsis#include <math.h>5int isnan(floating-type x);DescriptionThe i s n a n macro determines whether its argument value is a NaN. First, an10argument represented in a format wider than its semantic type is converted to its semantictype. Then determination is based on the type of the argument.8Return15The isnan macro returns a nonzero value if and only if its argument has a NaN value.7.x.3 Treatment of error conditionsThe behavior of each of the functions in <math.h> is defined for all representable20values of its input arguments.For all functions, a domain error occurs if an input argument is outside the domainover which the mathematical function is defined. The description of each function listsany required domain errors; an implementation may define additional domain errors,25provided that such errors are consistent with the mathematical definition of the function.9On a domain error, the function returns an implementation-defined value; whether theinteger expression errno acquires the value EDOM is implementation-defined.Similarly, a range error occurs if the mathematical result of the function cannot be30represented in an object of the specified type, due to extreme magnitude. A floatingresult overflows if the magnitude of the mathematical result is finite but so large that themathematical result cannot be represented, without extraordinary roundoff error, in anobject of the specified type. If a floating result overflows and default rounding is ineffect, or if the mathematical result is an exact infinity (for example log(0.0)), then the35function returns the value of the macro HUGE_VAL, HUGE_VALF, or HUGE_VALL appropriateto the specified result type, with the same sign as the correct value of the function;whether errno acquires the value ERANGE when a range error occurs is implementation-defined. The result underflows if the magnitude of the mathematical result is so smallthat the mathematical result cannot be represented, without extraordinary roundoff error,40in an object of the specified type.10 If the result underflows, the function returns a valuewhose magnitude is no greater than the smallest normalized positive number in thespecified type and is otherwise implementation-defined; whether errno acquires thevalue ERANGE is implementation-defined.45

8 The type for determination doesn�t matter unless the implementation supports NaNs in the evaluationtype but not in the semantic type.9 In an implementation that supports infinities, this allows an infinity as an argument to be a domain errorif the mathematical domain of the function does not include the infinity.10 The term underflow here is intended to encompass both gradual underflow as in IEC 559 and also flush-to-zero underflow.

WG14/N595 X3J11/96-0599/12/9626C9X Floating-Point�<math.h>7.x.4 Trigonometric functionsNo changes here (except for renumbering).7.x.5 Hyperbolic functions5Merge in these subclauses:7.x.5.1 The acosh function10Synopsis#include <math.h>double acosh(double x);15DescriptionThe acosh function computes the (nonnegative) arc hyperbolic cosine of x. Adomain error occurs for arguments less than 1.20ReturnsThe acosh function returns the arc hyperbolic cosine in the range [0, +¥].7.x.5.2 The asinh function25Synopsis#include <math.h>double asinh(double x);30DescriptionThe asinh function computes the arc hyperbolic sine of x.35ReturnsThe asinh function returns the arc hyperbolic sine.7.x.5.3 The atanh function40Synopsis#include <math.h>double atanh(double x);45DescriptionThe atanh function computes the arc hyperbolic tangent of x. A domain error occursfor arguments not in the range [-1, +1].50

Draft 9/12/96WG14/N595 X3J11/96-059C9X Floating-Point�<math.h>27ReturnsThe atanh function returns the arc hyperbolic tangent.7.x.6 Exponential and logarithmic functions5Merge in these subclauses:7.x.6.2 The exp2 function10Synopsis#include <math.h>double exp2(double x);15DescriptionThe exp2 function computes the base-2 exponential of x: 2x. A range error occurs ifthe magnitude of x is too large.20ReturnsThe exp2 function returns the base-2 exponential.7.x.6.3 The expm1 function25Synopsis#include <math.h>double expm1(double x);30DescriptionThe expm1 function computes the base-e exponential of the argument, minus 1:ex̊-˚1.11 A range error occurs if the x is too large.35ReturnsThe expm1 function returns ex - 1.407.x.6.8 The log1p functionSynopsis#include <math.h>45double log1p(double x);

11 For small magnitude x, expm1(x) is expected to be more accurate than exp(x)˚-˚1.

WG14/N595 X3J11/96-0599/12/9628C9X Floating-Point�<math.h>DescriptionThe log1p function computes the base-e logarithm of 1 plus the argument.12 Adomain error occurs if the argument is less than -1. A range error may occur if theargument equals -1.5ReturnsThe log1p function returns the base-e logarithm of 1 plus the argument.107.x.6.9 The log2 functionSynopsis#include <math.h>15double log2(double x);DescriptionThe log2 function computes the base-2 logarithm of x. A domain error occurs if the20argument is less than zero. A range error may occur if the argument is zero.ReturnsThe log2 function returns the base-2 logarithm.257.x.6.10 The logb functionSynopsis30#include <math.h>double logb(double x);Description35The logb function extracts the exponent of x, as a signed integral value in the formatof x. If x is subnormal it is treated as though it were normalized; thus for positive finitex,1 £ x * FLT_RADIX-logb(x) < FLT_RADIX40A range error may occur if the argument is zero.Returns45The logb function returns the signed exponent of its argument.

12 For small magnitude x, log1p(x) is expected to be more accurate than log(1 + x).

Draft 9/12/96WG14/N595 X3J11/96-059C9X Floating-Point�<math.h>297.x.6.12 The scalb functionSynopsis#include <math.h>5double scalb(double x, long int n);DescriptionThe scalb function computes x˚*˚FLT_RADIXn e f f i c i e n t l y , n o t n o r m a l l y b y 10computing FLT_RADIXn explicitly. A range error may occur.ReturnsThe scalb function returns x˚*˚FLT_RADIXn.157.x.7 Power and absolute value functionsRename the �Power functions� subclause as shown above. Move fabs into thissubclause. In the first sentence of the description of pow, replace �is not an integral20value� with �is finite and not an integral value�. Merge in the following subclause:7.x.7.2 The hypot functionSynopsis25#include <math.h>double hypot(double x, double y);Description30The hypot function computes the square root of the sum of the squares of x and y,without undue overflow or underflow. A range error may occur.Returns35The hypot function returns the square root of the sum of the squares of x and y.Add the following subclause:407.x.8 Error and gamma functions7.x.8.1 The erf functionSynopsis45#include <math.h>double erf(double x);Description50The erf function computes the error function of x.

WG14/N595 X3J11/96-0599/12/9630C9X Floating-Point�<math.h>ReturnsThe erf function returns the error function of x.57.x.8.2 The erfc functionSynopsis#include <math.h>10double erfc(double x);DescriptionThe erfc function computes the complementary error function of x. A range error15occurs if x is too large.ReturnsThe erfc function returns the complementary error function of x.207.x.8.3 The gamma functionSynopsis25#include <math.h>double gamma(double x);Description30The gamma function computes the gamma function of x: G(x). A domain error occursif x is a negative integer or zero. A range error may occur if the magnitude of x is toolarge.Returns35The gamma function returns G(x).7.x.8.4 The lgamma function40Synopsis#include <math.h>double lgamma(double x);45DescriptionThe l g a m m a function computes the logarithm of the absolute value of gamma of x:loge(|G(x)|). A range error occurs if x is too large or if x is a negative integer or zero.50ReturnsThe lgamma function returns loge(|G(x)|).

Draft 9/12/96WG14/N595 X3J11/96-059C9X Floating-Point�<math.h>31Split up the subclause �Nearest integer, absolute value, and remainder functions� intotwo subclauses, �Nearest integer functions� which will include ceil and floor and�Remainder functions� which will include fmod. Merge in the subclauses below.57.x.9 Nearest integer functions7.x.9.3 The nearbyint functionSynopsis10#include <math.h>double nearbyint(double x);Description15The nearbyint function differs from the rint function (7.x.9.4) only in that thenearbyint function does not raise the inexact exception. (See X.10.6.3-4.)Returns20The nearbyint function returns the rounded integral value.7.x.9.4 The rint function25Synopsis#include <math.h>double rint(double x);30DescriptionThe rint function rounds its argument to an integral value in floating-point format,using the current rounding direction.35ReturnsThe rint function returns the rounded integral value.7.x.9.5 The rinttol function40Synopsis#include <math.h>long int rinttol(long double x);45DescriptionThe rinttol function rounds its argument to the nearest integral value, roundingaccording to the current rounding direction. If the rounded value is outside the range of50long˚int, the numeric result is unspecified. A range error may occur if the magnitude ofx is too large.

WG14/N595 X3J11/96-0599/12/9632C9X Floating-Point�<math.h>ReturnsThe rinttol function returns the rounded l o n g ˚ i n t value, using the currentrounding direction.57.x.9.6 The rinttoll functionSynopsis#include <math.h>10long long rinttoll(long double x);DescriptionThe rinttoll function is similar to the r i n t o l function, except that the returned15value has type long˚long.7.x.9.7 The round functionSynopsis20#include <math.h>double round(double x);Description25The round function rounds its argument to the nearest integral value in floating-pointformat, rounding halfway cases away from zero, regardless of the current roundingdirection.30ReturnsThe round function returns the rounded integral value.7.x.9.8 The roundtol function35Synopsis#include <math.h>long int roundtol(long double x);40DescriptionThe r o u n d t o l function rounds its argument to the nearest integral value, roundinghalfway cases away from zero, regardless of the current rounding direction. If the45rounded value is outside the range of long˚int, the numeric result is unspecified. Arange error may occur if the magnitude of x is too large.Returns50The roundtol function returns the rounded long˚int value.

Draft 9/12/96WG14/N595 X3J11/96-059C9X Floating-Point�<math.h>337.x.9.9 The roundtoll functionSynopsis#include <math.h>5long long roundtoll(long double x);DescriptionThe roundtoll function is similar to the roundtol function, except that the returned10value has type long˚long.7.x.9.10 The trunc functionSynopsis15#include <math.h>double trunc(double x);Description20The trunc function rounds its argument to the integral value, in floating format,nearest to but no larger in magnitude than the argument.Returns25The trunc function returns the truncated integral value.7.x.10 Remainder functions307.x.10.2 The remainder functionSynopsis#include <math.h>35double remainder(double x, double y);DescriptionThe remainder function computes the remainder x˚REM˚y required by IEC 559.1340ReturnsThe remainder function returns x REM y.45

13 �When y „ 0, the remainder r = x REM y is defined regardless of the rounding mode by the mathematicalrelation r = x - y * n, where n is the integer nearest the exact value of x/y; whenever |n - x/y | = 1/2, then n iseven. Thus, the remainder is always exact. If r = 0, its sign shall be that of x.� This definition isapplicable for all implementations.

WG14/N595 X3J11/96-0599/12/9634C9X Floating-Point�<math.h>7.x.10.3 The remquo functionSynopsis#include <math.h>5double remquo(double x, double y, int *quo);DescriptionThe remquo function computes the same remainder as the remainder function. In the10object pointed to by quo it stores a value whose sign is the sign of x/y and whosemagnitude is congruent mod 2n to the magnitude of the integral quotient of x/y, where nis an implementation-defined integer at least 3.Returns15The remquo function returns x REM y.Add the clause:207.x.11 Manipulation functions7.x.11.1 The copysign functionSynopsis25#include <math.h>double copysign(double x, double y);Description30The copysign function produces a value with the magnitude of x and the sign of y. Itproduces a NaN (with the sign of y) if x is a NaN. On implementations that represent asigned zero but do not treat negative zero consistently in arithmetic operations, thecopysign function regards the sign of zero as positive.35ReturnsThe copysign function returns a value with the magnitude of x and the sign of y.407.x.11.2 The nan functionSynopsis#include <math.h>45double nan(const char *tagp);DescriptionIf the implementation supports quiet NaNs for the double type, then the call nan("n-50char-sequence") is equivalent to strtod("NAN(n-char-sequence)", (char**) NULL);the call nan("") is equivalent to strtod("NAN()", (char**) NULL). If tagp does notpoint to an n-char-sequence string then the result NaN�s content is unspecified. If the

Draft 9/12/96WG14/N595 X3J11/96-059C9X Floating-Point�<math.h>35implementation does not support quiet NaNs for the double type, a call to the nanfunction is unspecified.Returns5The nan function returns a quiet NaN, if available, with content indicated throughtagp.7.x.11.3 The nextafter function10Synopsis#include <math.h>double nextafter(double x, double y);15DescriptionThe nextafter function determines the next representable value, in the type of thefunction, after x in the direction of y, where x and y are first converted to the type of thefunction.14 The nextafter function returns y if x˚==˚y.20ReturnsThe function nextafter returns the next representable value in the specified formatafter x in the direction of y.257.x.12 Maximum, minimum, and positive difference functions7.x.12.1 The fdim function30Synopsis#include <math.h>double fdim(double x, double y);35DescriptionThe fdim function determines the positive difference between its arguments:x - yif x > y40+0if x £ y A range error may occur.Returns45The fdim function returns the positive difference between x and y.

14 The argument values are converted to the type of the function, even by a macro implementation of thefunction.

WG14/N595 X3J11/96-0599/12/9636C9X Floating-Point�<math.h>7.x.12.2 The fmax functionSynopsis#include <math.h>5double fmax(double x, double y);DescriptionThe fmax function determines the maximum numeric value of its arguments.1510ReturnsThe fmax function returns the maximum numeric value of its arguments.157.x.12.3 The fmin functionSynopsis#include <math.h>20double fmin(double x, double y);DescriptionThe fmin function determines the minimum numeric value of its arguments.1625ReturnsThe fmin function returns the minimum numeric value of its arguments.307.x.13 Comparison macrosThe relational and equality operators support the usual mathematical relationshipsbetween numeric values. For any ordered pair of numeric values exactly one of therelationships�less, greater, and equal�is true. Relational operators may raise the35invalid exception when argument values are NaNs. For a NaN and a numeric value, orfor two NaNs, just the unordered relationship is true.17 The following subclauses providemacros that are quiet (non exception raising) versions of the relational operators, andother comparison macros that facilitate writing efficient code that accounts for NaNswithout suffering the invalid exception.407.x.13.1 The isgreater macroSynopsis45#include <math.h>int isgreater(floating-expr x, floating-expr y);

15 NaN arguments are treated as missing data: if one argument is a NaN and the other numeric, then fmaxchooses the numeric value. See X.10.9.2.16 fmin is analogous to fmax in its treatment of NaNs.17 IEC 559 requires that the built-in relational operators raise the invalid exception if the operands compareunordered, as an error indicator for programs written without consideration of NaNs; the result in thesecases is false.

Draft 9/12/96WG14/N595 X3J11/96-059C9X Floating-Point�<math.h>37DescriptionThe isgreater macro determines whether its first argument is greater than its secondargument. The value of isgreater(x,y) is always equal to (x)˚>˚(y); however,5unlike (x)˚>˚(y), isgreater(x,y) does not raise the invalid exception when x and yare unordered.Returns10The isgreater macro returns the value of (x)˚>˚(y).7.x.13.2 The isgreaterequal macroSynopsis15#include <math.h>int isgreaterequal(floating-expr x, floating-expr y);Description20The isgreaterequal macro determines whether its first argument is greater than orequal to its second argument. The value of isgreaterequal(x,y) is always equal to(x)˚>=˚(y); however, unlike (x)˚>=˚(y), isgreaterequal(x,y) does not raise theinvalid exception when x and y are unordered.25ReturnsThe isgreaterequal macro returns the value of (x)˚>=˚(y).307.x.13.3 The isless macroSynopsis#include <math.h>35int isless(floating-expr x, floating-expr y);DescriptionThe isless macro determines whether its first argument is less than its second40argument. The value of isless(x,y) is always equal to (x)˚<˚(y); however, unlike(x)˚<˚(y), isless(x,y) does not raise the invalid exception when x and y areunordered.Returns45The isless macro returns the value of (x)˚<˚(y).7.x.13.4 The islessequal macro50Synopsis#include <math.h>int islessequal(floating-expr x, floating-expr y);

WG14/N595 X3J11/96-0599/12/9638C9X Floating-Point�<math.h>DescriptionThe islessequal macro determines whether its first argument is less than or equal toits second argument. The value of islessequal(x,y) is always equal to (x)˚<=˚(y);5however, unlike (x)˚<=˚(y), islessequal(x,y) does not raise the invalid exceptionwhen x and y are unordered.Returns10The islessequal macro returns the value of (x)˚<=˚(y).7.x.13.5 The islessgreater macroSynopsis15#include <math.h>int islessgreater(floating-expr x, floating-expr y);Description20The islessgreater macro determines whether its first argument is less than orgreater than its second argument. The islessgreater(x,y) macro is similar to(x)˚<˚(y) || (x)˚>˚(y); however, islessgreater(x,y) does not raise the invalidexception when x and y are unordered (nor does it evaluate x and y twice).25ReturnsThe islessgreater macro returns the value of (x) <˚(y) || (x)˚>˚(y).307.x.13.6 The isunordered macroSynopsis#include <math.h>35int isunordered(floating-expr x, floating-expr y);DescriptionThe isunordered macro determines whether its arguments are unordered.40ReturnsThe isunordered macro returns 1 if its arguments are unordered and 0 otherwise.45

39Floating-Point Environment <fenv.h>In 7, insert this subclause:7.x Floating-point environment <fenv.h>5The header <fenv.h> declares two types and several macros and functions to provideaccess to the floating-point environment. The floating-point environment referscollectively to any floating-point status flags and control modes supported by theimplementation.18 A floating-point status flag is a system variable whose value is set as a10side effect of the arithmetic to provide auxiliary information. A floating-point controlmode is a system variable whose value may be set by the user to affect the subsequentbehavior of the arithmetic.Certain programming conventions support the intended model of use for the floating-15point environment19:�A function call must not alter its caller�s modes, clear its caller�s flags, nor depend onthe state of its caller�s flags unless the function is so documented.20�A function call is assumed to require default modes, unless its documentationpromises otherwise or unless the function is known not to use floating-point.�A function call is assumed to have the potential for raising floating-point exceptions,unless its documentation promises otherwise, or unless the function is known not to25use floating-point.The typefenv_t30represents the entire floating-point environment.The type35fexcept_trepresents the floating-point exception flags collectively, including any status theimplementation associates with the flags.40

18 This header is designed to support the exception status flags and directed-rounding control modesrequired by IEC 559, and other similar floating-point state information. Also it is designed to facilitatecode portability among all systems. Its implementation is trivial for systems that do not provide access tofloating-point state.19 With these conventions, a programmer can safely assume default modes (or be unaware of them).Responsibilities, and (ordinarily modest) overhead, associated with accessing the floating-pointenvironment fall on the programmer or program that does so explicitly.

WG14/N595 X3J11/96-0599/12/9640C9X Floating-Point�<fenv.h>Each macroFE_INEXACTFE_DIVBYZEROFE_UNDERFLOW5FE_OVERFLOWFE_INVALIDis defined if and only if the implementation supports the exception by means of thefunctions in 7.x.2. The defined macros expand to integral constant expressions whose10values are distinct powers of 2.The macroFE_ALL_EXCEPT15is simply the bitwise OR of all exception macros defined by the implementation.Each macro20FE_TONEARESTFE_UPWARDFE_DOWNWARDFE_TOWARDZERO25is defined if and only if the implementation supports getting and setting the representedrounding direction by means of the fegetround and fesetround functions. The definedmacros expand to integral constant expressions whose values are distinct nonnegativevalues.2030The macroFE_DFL_ENVrepresents the default floating-point environment�the one installed at program startup�35and has type pointer to const-qualified fenv_t. It can be used as an argument to<fenv.h> functions that manage the floating-point environment.Additional macro definitions, beginning with FE_ and having type pointer to const-qualified fenv_t, may also be specified by the implementation.407.x.1 The FENV_ACCESS macrosSynopsis45#include <fenv.h>FENV_ACCESS_ON;FENV_ACCESS_OFF;FENV_ACCESS_DEFAULT;50

20 Even though the rounding direction macros may expand to constants corresponding to the values ofFLT_ROUNDS, they are not required to do so.

Draft 9/12/96WG14/N595 X3J11/96-059C9X Floating-Point�<fenv.h>41DescriptionThe FENV_ACCESS macros provide a means to inform the implementation when aprogram might access the floating-point environment to test flags or run under non-default modes.21 Each macro can occur either outside external declarations or preceding5all declarations and statements inside a compound statement. When outside externaldeclarations, the macro takes effect from its occurrence until another FENV_ACCESS macrois encountered, or until the end of the translation unit. When inside a compoundstatement, the macro takes effect from its occurrence until another FENV_ACCESS macro isencountered (within a nested compound statement), or until the end of the compound10statement; at the end of a compound statement the state for the macros is restored to itscondition just before the compound statement. The effect of one of these macros in anyother context is undefined. If part of a program tests flags or runs under non-defaultmode settings, but was translated with the state for the FENV_ACCESS macros off, then thebehavior of that program is undefined. The default state (on or off) for the macros is15implementation-defined.Example#include <fenv.h>20void f(double x){ FENV_ACCESS_ON; void g(double); void h(double);25/*...*/ g(x + 1); h(x + 1);/*...*/}30If the function g might depend on status flags set as a side effect of the first x˚+˚1, or ifthe second x˚+˚1 might depend on control modes set as a side effect of the call tofunction g, then the program must contain an appropriately placed invocation ofFENV_ACCESS_ON. 22357.x.2 ExceptionsThe following functions provide access to the exception flags.23 The int inputargument for the functions represents a subset of floating-point exceptions, and can be40constructed by bitwise ORs of the exception macros, for exampleFE_OVERFLOW˚|˚FE_INEXACT. For other argument values the behavior of these functionsis undefined.

21 The purpose of the FENV_ACCESS macros is to allow certain optimizations, for example global commonsubexpression elimination, code motion, and constant folding, that could subvert flag tests and modechanges. In general, if the state of FENV_ACCESS is˚off˚then the translator can assume that default modes arein effect and the flags are not tested.22 The side effects impose a temporal ordering that requires two evaluations of x˚+˚1. On the other hand,without the FENV_ACCESS_ON macro, and assuming the default state is˚off,˚just one evaluation of x˚+˚1would suffice.23 The functions˚fetestexcept,˚feraiseexcept,˚and˚feclearexcept˚support the basic abstraction offlags that are either set or clear. An implementation may endow exception flags with more information�for example, the address of the code which first raised the exception; the functions fegetexceptflag andfesetexceptflag deal with the full content of flags.

WG14/N595 X3J11/96-0599/12/9642C9X Floating-Point�<fenv.h>7.x.2.1 The feclearexcept functionSynopsis5#include <fenv.h>void feclearexcept(int excepts);Description10The feclearexcept function clears the supported exceptions represented by itsargument.7.x.2.2 The fegetexceptflag function15Synopsis#include <fenv.h>void fegetexceptflag(fexcept_t *flagp, int excepts);20DescriptionThe fegetexceptflag function stores an implementation-defined representation ofthe exception flags indicated by the argument excepts in the object pointed to by theargument flagp.257.x.2.3 The feraiseexcept functionSynopsis30#include <fenv.h>void feraiseexcept(int excepts);Description35The feraiseexcept function raises the supported exceptions represented by itsargument.24 The order in which these exceptions are raised is unspecified, except asstated in X.7.6.7.x.2.4 The fesetexceptflag function40Synopsis#include <fenv.h>void fesetexceptflag(const fexcept_t *flagp, int excepts);45DescriptionThe fesetexceptflag function sets the complete status for those exception flagsindicated by the argument excepts, according to the representation in the object pointed50to by flagp. The value of *flagp must have been set by a previous call to

24 The effect is intended to be similar to that of exceptions raised by arithmetic operations. Hence, enabledtraps for exceptions raised by this function are taken. The specification in X.7.6 is in the same spirit.

Draft 9/12/96WG14/N595 X3J11/96-059C9X Floating-Point�<fenv.h>43fegetexceptflag; if not, the effect on the indicated exception flags is undefined. Thisfunction does not raise exceptions, but only sets the state of the flags.7.x.2.5 The fetestexcept function5Synopsis#include <fenv.h>int fetestexcept(int excepts);10DescriptionThe fetestexcept function determines which of a specified subset of the exceptionflags are currently set. The excepts argument specifies the exception flags to bequeried.2515ReturnsThe fetestexcept function returns the bitwise OR of the exception macroscorresponding to the currently set exceptions included in excepts.20ExampleCall f if invalid is set, then g if overflow is set:25#include <fenv.h>/*...*/{FENV_ACCESS_ON;int set_excepts;30/* maybe raise exceptions */set_excepts = fetestexcept(FE_INVALID | FE_OVERFLOW);if (set_excepts & FE_INVALID) f();if (set_excepts & FE_OVERFLOW) g();/*...*/35}7.x.3 Rounding40The fegetround and fesetround functions provide control of rounding directionmodes.7.x.3.1 The fegetround function45Synopsis#include <fenv.h>int fegetround(void);50

25 This mechanism allows testing several exceptions with just one function call.

WG14/N595 X3J11/96-0599/12/9644C9X Floating-Point�<fenv.h>DescriptionThe fegetround function gets the current rounding direction.Returns5The fegetround function returns the value of the rounding direction macrorepresenting the current rounding direction.7.x.3.2 The fesetround function10Synopsis#include <fenv.h>int fesetround(int round);15DescriptionThe fesetround function establishes the rounding direction represented by itsargument round. If the argument does not match a rounding direction macro, the20rounding direction is not changed.ReturnsThe fesetround function returns a nonzero value if and only if the argument matches25a rounding direction macro (that is, if and only if the requested rounding direction can beestablished).Example30Save, set, and restore the rounding direction. Report an error and abort if setting therounding direction fails.#include <fenv.h>#include <assert.h>35/*...*/{FENV_ACCESS_ON;int save_round;int setround_ok;40save_round = fegetround();setround_ok = fesetround(FE_UPWARD);assert(setround_ok);/*...*/fesetround(save_round);45/*...*/}7.x.4 Environment50The functions in this section manage the floating-point environment�status flags andcontrol modes�as one entity.

Draft 9/12/96WG14/N595 X3J11/96-059C9X Floating-Point�<fenv.h>457.x.4.1 The fegetenv functionSynopsis#include <fenv.h>5void fegetenv(fenv_t *envp);DescriptionThe fegetenv function stores the current floating-point environment in the object10pointed to by envp.7.x.4.2 The feholdexcept functionSynopsis15#include <fenv.h>int feholdexcept(fenv_t *envp);Description20The feholdexcept function saves the current environment in the object pointed to byenvp, clears the exception flags, and installs a non-stop (continue on exceptions) mode, ifavailable, for all exceptions.2625ReturnsThe feholdexcept function returns nonzero if and only if non-stop exceptionhandling was successfully installed.307.x.4.3 The fesetenv functionSynopsis#include <fenv.h>35void fesetenv(const fenv_t *envp);DescriptionThe fesetenv function establishes the floating-point environment represented by the40object pointed to by envp. The argument envp must point to an object set by a call tofegetenv or feholdexcept, or equal the macro FE_DFL_ENV or an implementation-defined environment macro. Note that fesetenv merely installs the state of theexception flags represented through its argument, and does not raise these exceptions.45

26 IEC 559 systems have a default non-stop mode, and typically at least one other mode for trap handlingor aborting; if the system provides only the non-stop mode then installing it is trivial. For such systems,the feholdexcept function can be used in conjunction with the˚feupdateenv˚function to write routinesthat hide spurious exceptions from their callers.

WG14/N595 X3J11/96-0599/12/9646C9X Floating-Point�<fenv.h>7.x.4.4 The feupdateenv functionSynopsis#include <fenv.h>5void feupdateenv(const fenv_t *envp);DescriptionThe feupdateenv function saves the current exceptions in its automatic storage,10installs the environment represented through envp, and then raises the saved exceptions.The argument envp must point to an object set by a call to feholdexcept or fegetenv,or equal the macro FE_DFL_ENV or an implementation-defined environment macro.Example15Hide spurious underflow exceptions:#include <fenv.h>double f(double x)20{FENV_ACCESS_ON;double result;fenv_t save_env;feholdexcept(&save_env);25/* compute result */if (/* test spurious underflow */) feclearexcept(FE_UNDERFLOW);feupdateenv(&save_env);return result;}30

47Annex X: IEC 559 Floating-Point ArithmeticInsert the following annex:Annex X5(normative)IEC 559 floating-point arithmeticX.1 Introduction10This annex specifies C language support for the IEC 559 floating-point standard. TheIEC 559 floating-point standard is specifically Binary floating-point arithmetic formicroprocessor systems (IEC 559:1989), also known as IEEE Standard for BinaryFloating-Point Arithmetic (ANSI/IEEE 754-1985). IEEE Standard for Radix-15Independent Floating-Point Arithmetic (ANSI/IEEE 854-1987) generalizes the binarystandard to remove dependencies on radix and word length. IEC 559 generally refers tothe floating-point standard, as in IEC 559 operation, IEC 559 format, etc. Animplementation that defines __STDC_IEC_559__ conforms to the specification in thisannex. Where a binding between the C language and IEC 559 is indicated, the IEC 559-20specified behavior is adopted by reference, unless stated otherwise.X.2 TypesThe C floating types match the IEC 559 formats as follows:25�The float type matches the IEC 559 single format.�The double type matches the IEC 559 double format.30�The long˚double type matches an IEC 559 extended format27, else a non-IEC 559extended format, else the IEC 559 double format.Any non-IEC 559 extended format used for the long˚double type has more precisionthan IEC 559 double and at least the range of IEC 559 double.2835Recommended practiceThe long˚double type matches an IEC 559 extended format.40X.2.1 Infinities, signed zeros, and NaNsThis specification does not define the behavior of signaling NaNs.29 It generally usesthe term NaN to denote quiet NaNs. The NAN and INFINITY macros and the nan functionin <math.h> provide designations for IEC 559 NaNs and infinities.45

27 Extended is IEC 559�s double-extended data format. Extended refers to both the common 80-bit andquadruple 128-bit IEC 559 formats.28 A non-IEC 559 long˚double type must provide infinities and NaNs, as its values must include alldouble values.

WG14/N595 X3J11/96-0599/12/9648C9X Floating-Point�IEC 559 AnnexX.3 Operators and functionsC operators and functions provide IEC 559 required and recommended facilities aslisted below.5�The +, -, *, and / operators provide the IEC 559 add, subtract, multiply, and divideoperations.�The sqrt function in <math.h> provides the IEC 559 square root operation.10�The rem function in <math.h> provides the IEC 559 remainder operation. Theremquo function in <math.h> provides the same operation but with additionalinformation.15�The rint function in <math.h> provides the IEC 559 operation that rounds afloating-point number to an integral value (in the same precision). The C nearbyintfunction in <math.h> provides the similar nearbyinteger function recommended inthe Appendix to IEEE standard 854.20�The conversions for floating types provide the IEC 559 conversions between floating-point precisions.�The conversions from integral to floating types provide the IEC 559 conversions frominteger to floating point.25�The conversions from floating to integral types provide IEC 559-like conversions butalways round toward zero. �The rinttol function in <math.h> provides the IEC 559 conversions, which honor30the directed rounding mode, from floating point to the long integer format. Therinttol function can be used in conjunction with casts to provide IEC 559conversions from floating to other integer formats.�The translation time conversion of floating constants and the strtod, fprintf, and35related library functions in <stdlib.h> and <stdio.h> provide IEC 559 binary-decimal conversions. The strtold function in <stdlib.h> provides the convfunction recommended in the Appendix to IEEE standard 854.�The relational and equality operators provide IEC 559 comparisons. IEC 55940identifies a need for additional comparison predicates to facilitate writing code thataccounts for NaNs. The comparison functions (isgreater, isgreaterequal,isless, islessequal, islessgreater, and isunordered) in <math.h> supplementthe language operators to address this need. The islessgreater and isunorderedmacros provide respectively a quiet version of the < > predicate and the unordered45predicate recommended in the Appendix to IEC 559.�The feclearexcept, feraiseexcept, and fetestexcept functions in <fenv.h>provide the facility to test and alter the IEC 559 floating-point exception flags. The

29 Since NaNs created by IEC 559 operations are always quiet, quiet NaNs (along with infinities) aresufficient for closure of the arithmetic.

Draft 9/12/96WG14/N595 X3J11/96-059C9X Floating-Point�IEC 559 Annex49fegetexceptflag and fesetexceptflag functions in <fenv.h> provide the facilityto save and restore all five status flags at one time. These functions are used inconjunction with the type fexcept_t and the exception macros (FE_INEXACT,FE_DIVBYZERO, FE_UNDERFLOW, FE_OVERFLOW, FE_INVALID) also in <fenv.h>.5�The fegetround and fesetround functions in <fenv.h> provide the facility to selectamong the IEC 559 directed rounding modes represented by the rounding directionmacros (FE_TONEAREST, FE_UPWARD, FE_DOWNWARD, FE_TOWARDZERO) also in<fenv.h>.10�The fegetenv, feholdexcept, fesetenv, and feupdateenv functions in <fenv.h>provide a facility to manage the floating-point environment, comprising the IEC 559status flags and control modes.�The copysign function in <math.h> provides the copysign function recommended in15the Appendix to IEC 559.�The unary minus (-) operator provides the minus (-) operation recommended in theAppendix to IEC 559.20�The scalb function in <math.h> provides the scalb function recommended in theAppendix to IEC 559.�The logb function in <math.h> provides the logb function recommended in theAppendix to IEC 559, but following the newer specification in IEEE 854.25�The nextafter functions in <math.h> provides the nextafter function recommendedin the Appendix to IEC 559 (but with a minor change to better handle signed zeros).�The isfinite macro in <math.h> provides the finite function recommended in the30Appendix to IEC 559.�The isnan macro in <math.h> provides the isnan function recommended in theAppendix to IEC 559.35�The signbit macro and the fpclassify macro, used in conjunction with the numberclassification macros (FP_NAN, FP_INFINITE, FP_NORMAL, FP_SUBNORMAL, FP_ZERO),in <math.h>provide the facility of the class function recommended in the Appendixto IEC 559 (except that fpclassify does not distinguish signaling from quiet NaNs).40X.4 Floating to integral conversionIf the floating value is infinite or NaN or if the integral part of the floating valueexceeds the range of the integral type, then the invalid exception is raised and theresulting value is unspecified. Whether conversion of nonintegral floating values whose45integral part is within the range of the integral type raises the inexact exception isunspecified.30

30 IEEE 854, but not IEC 559 (IEEE 754), directly specifies that floating-to-integral conversions raise theinexact exception for nonintegral in-range values. In those cases where it matters, library functions can beused to effect such conversions with or without raising the inexact exception. See rint, rinttol, andnearbyint in <math.h>.

WG14/N595 X3J11/96-0599/12/9650C9X Floating-Point�IEC 559 AnnexX.5 Binary-decimal conversionConversion from the widest supported IEC 559 format to decimal with DECIMAL_DIGdigits and back is the identity function.315Conversions involving IEC 559 formats follow all pertinent recommended practice.In particular, conversion between any supported IEC 559 format and decimal withDECIMAL_DIG or fewer significant digits is correctly rounded.10X.6 Contracted expressionsA contracted expression treats infinities, NaNs, signed zeros, subnormals, and therounding directions in a manner consistent with the basic arithmetic operations coveredby IEC 559.15Recommended practiceA contracted expression raises exceptions in a manner generally consistent with thebasic arithmetic operations. A contracted expression delivers the same value as its20uncontracted counterpart, else is correctly rounded (once).X.7 EnvironmentThe floating-point environment defined in <fenv.h> includes the IEC 559 exception25status flags and directed-rounding control modes. It includes also IEC 559 dynamicrounding precision and trap enablement modes, if the implementation supports them.32X.7.1 Environment management30 IEC 559 requires that floating-point operations implicitly raise exception status flags,and that rounding control modes can be set explicitly to affect result values of floating-point operations. When the state for the FENV_ACCESS macros (defined in <fenv.h>) ison, these changes to the floating-point state are treated as side effects which respectsequence points.3335

31 If the minimum-width IEC 559 extended format (64 bits of precision) is supported, DECIMAL_DIG mustbe at least 21. If IEC 559 double (53 bits of precision) is the widest IEC 559 format supported, thenDECIMAL_DIG must be at least 17. (By contrast,˚LDBL_DIG and DBL_DIG are 19 and 15, respectively, forthese formats.)32 This specification does not require dynamic rounding precision nor trap enablement modes.33 If the state for the FENV_ACCESS macros is off, the implementation is free to assume the modes will bethe default ones and the flags will not be tested, which allows certain optimizations�see X.8.

Draft 9/12/96WG14/N595 X3J11/96-059C9X Floating-Point�IEC 559 Annex51X.7.2 TranslationDuring translation the IEC 559 default modes are in effect: �The rounding direction mode is rounding to nearest.5�The rounding precision mode (if supported) is set so that results are not shortened.�Trapping or stopping (if supported) is disabled on all exceptions.10Recommended practiceThe implementation provides a non-fatal diagnostic for each translation-time floating-point exception, other than inexact.3415X.7.3 ExecutionAt program startup the floating-point environment is initialized as prescribed by IEC559: 20�All exception status flags are clear.�The rounding direction mode is rounding to nearest.�The dynamic rounding precision mode (if supported) is set so that results are not25shortened.�Trapping or stopping (if supported) is disabled on all exceptions.X.7.4 Constant expressions30An arithmetic constant expression of floating type, other than one in an initializer foran object that has static storage duration or in an initializer list for an object that hasaggregate or union type, is evaluated (as if) during execution. As execution-timeevaluation, it is affected by any operative modes and raises exceptions as required by IEC35559 (provided the state for FENV_ACCESS is on).35

34 As floating constants are converted to appropriate internal representations at translation time, theirconversion is subject to default rounding modes and raises no execution-time exceptions (even when thestate of FENV_ACCESS in on). Library functions, for example strtod, provide execution-time conversion ofnumeric strings.35 Where the state for FENV_ACCESS is˚on, results of inexact expressions like 1.0/3.0 are affected byrounding modes set at execution time, and expressions such as 0.0/0.0 and 1.0/0.0 generate execution-time exceptions. The programmer can achieve the efficiency of translation-time evaluation through staticinitialization, such asconst static double one_third = 1.0/3.0;

WG14/N595 X3J11/96-0599/12/9652C9X Floating-Point�IEC 559 AnnexExample#include <fenv.h>FENV_ACCESS_ON;5void f(void){float w[] = { 0.0/0.0 }; /* does not raise an exception */static float x = 0.0/0.0; /* does not raise an exception */float y = 0.0/0.0; /* raises an exception */10double z = 0.0/0.0; /* raises an exception *//*...*/}For the aggregate and static initializations, the division is done at translation time, raising15no (execution-time) exceptions. On the other hand, for the two automatic scalarinitializations the invalid division occurs at execution time.X.7.5 Initialization20All computation for automatic scalar initialization is done (as if) at execution time.As execution-time evaluation, it is affected by any operative modes and raises exceptionsas required by IEC 559 (provided the state for fenv_access is on). All computation forinitialization of objects that have static storage duration or that have aggregate or uniontype is done (as if) at translation time.25Example#include <fenv.h>FENV_ACCESS_ON;30void f(void){float u[] = { 1.1e75 }; /* does not raise exceptions */static float v = 1.1e75; /* does not raise exceptions */float w = 1.1e75; /* raises exceptions */35double x = 1.1e75; /* may raise exceptions */float y = 1.1e75f; /* may raise exceptions */long double z = 1.1e75; /* does not raise exceptions *//*...*/}40The aggregate and static initializations of u and v raise no (execution-time) exceptionsbecause their computation is done at translation time. The automatic initialization of wrequires an execution-time conversion to float of the wider value 1.1e75, which raisesexceptions. The automatic initializations of x and y entail execution-time conversion;45however, in some expression evaluation methods, the conversions is not to a narrowerformat, in which case no exception is raised.36 The automatic initialization of z entailsexecution-time conversion, but not to a narrower format, so no exception is raised. Notethat the conversions of the floating constants 1.1e75 and 1.1e75f to their internalrepresentations occur at translation time in all cases.50

36 Use of float_t and double_t variables increases the likelihood of translation-time computation. Forexample, the automatic initializationdouble_t x = 1.1e75;could be done at translation time, regardless of the expression evaluation method.

Draft 9/12/96WG14/N595 X3J11/96-059C9X Floating-Point�IEC 559 Annex53X.7.6 Changing the environmentOperations defined in 6.3 and functions and macros defined for the standard librarieschange flags and modes just as indicated by their specification (including conformance to5IEC 559). They do not change flags or modes (so as to be detectable by the user) in anyother cases.If the argument to the feraiseexcept function in <fenv.h> represents IEC 559 validcoincident exceptions for atomic operations�namely overflow and inexact, or underflow10and inexact�then overflow or underflow is raised before inexact.X.8 OptimizationThis section identifies code transformations that might subvert IEC 559-specified15behavior, and others that do not.X.8.1 �Global� transformationsFloating-point arithmetic operations and external function calls may entail side effects20which optimization must honor, at least where the state for FENV_ACCESS is on. The flagsand modes in the floating-point environment may be regarded as global variables;floating-point operations (+, *, etc.) implicitly read the modes and write the flags.Concern about side effects may inhibit code motion and removal of seemingly useless25code. For example, in#include <fenv.h>FENV_ACCESS_ON;void f(double x)30{/*...*/for (i = 0; i < n; i++) x + 1;/*...*/}35x + 1 might raise exceptions, so cannot be removed. And since the loop body might notexecute (maybe 0˚ ‡ ˚n), x˚+˚1 cannot be moved out of the loop. (Of course theseoptimizations are valid if the implementation can rule out the nettlesome cases.)40This specification does not require support for trap handlers that maintain informationabout the order or count of exceptions. Therefore, between function calls exceptionsneed not be precise: the actual order and number of occurrences of exceptions (> 1) mayvary from what the source code expresses. Thus the preceding loop could be treated as45if (0 < n) x + 1;

WG14/N595 X3J11/96-0599/12/9654C9X Floating-Point�IEC 559 AnnexX.8.2 Expression transformationsx˚/˚2˚<-->˚x˚*˚0.5Although similar transformations involving inexact constantsgenerally do not yield numerically equivalent expressions, if theconstants are exact then such transformations can be made on IEC5559 machines and others that round perfectly.1˚*˚x,˚x˚/˚1˚-->˚xThe expression 1˚*˚x and x, and x˚/˚1 and x are equivalent (onIEC 559 machines, among others).3710x - y <--> x˚+˚(-y)The expressions x˚-˚y, x˚+˚(-y), and (-y)˚+˚x are equivalent(on IEC 559 machines, among others).x - y <--> -(y - x)The expressions x˚-˚y and -(y - x) are not equivalent because1˚-˚1 is +0 but -(1˚-˚1) is -0 (in the default rounding direction).3815 x - x --> 0.0The expressions x˚-˚x and 0.0 are not equivalent if x is a NaN orinfinite. 0 * x --> 0.0The expressions 0˚*˚x and 0.0 are not equivalent if x is a NaN or20infinite.x + 0 --> xThe expressions x˚+˚0 and x are not equivalent if x is -0, because(-0)˚+˚(+0) yields +0 (in the default rounding direction), not -0.25x - 0 --> x(+0)˚-˚(+0) yields -0 when rounding is downward (toward -¥), but+0 otherwise, and (-0)˚-˚(+0) always yields -0; so, if the state forFENV_ACCESS is off, promising default rounding, then theimplementation can replace x˚-˚0 by x, even if x might be zero.30-x <--> 0 - xThe expressions -x and 0 - x are not equivalent if x is +0,because -(+0) yields -0, but 0˚-˚(+0) yields +0 (unless rounding isdownward).X.8.3 Relational operators35x != x --> falseThe statement x˚!=˚x is true if x is a NaN.x == x --> trueThe statement x˚==˚x is false if x is a NaN.40x˚<˚y˚-->˚isless(x,y)˚(and˚similarly˚for˚<=,˚>,˚>=)Though numerically equal, theseexpressions are not equivalent because of side effects when x or yis a NaN and the state for FENV_ACCESS is on. This transformation,which would be desirable if extra code were required to cause the

37 Strict support for signaling NaNs�not required by this specification�would invalidate these and othertransformations that remove arithmetic operators.38 IEC 559 prescribes a signed zero to preserve mathematical identities across certain discontinuities.Examples include1 / (1 / (–¥)) is –¥complex_conjugate(sqrt(z)) is sqrt(complex_conjugate(z))

Draft 9/12/96WG14/N595 X3J11/96-059C9X Floating-Point�IEC 559 Annex55invalid exception for unordered cases, could be performedprovided the state for FENV_ACCESS is off.The sense of relational operators must be maintained. This includes handlingunordered cases as expressed by the source code.5Exampleif (a˚< b) f(); else g(); /* calls g and raises invalid if a andb are unordered */10is not equivalent toif (a >= b) g(); else f(); /* calls f and raises invalid if a andb are unordered */15nor toif (isgreaterequal(a, b)) g(); else f(); /* calls f without raising invalid if a and b are unordered */20nor, unless the state of FENV_ACCESS is off, toif (isless(a, b)) f(); else g(); /* calls g without raising invalid if a and b are unordered */25but is equivalent toif (!(a < b)) g(); else f();30X.8.4 Constant arithmeticThe implementation must honor exceptions raised by execution-time constantarithmetic wherever the state for FENV_ACCESS is on. (See X.7.4 and X.7.5.) Anoperation on constants that raises no exception can be folded during translation, except, if35the state for FENV_ACCESS is on, a further check is required to assure that changing therounding direction to downward does not alter the sign of the result,39 andimplementations that support dynamic rounding precision modes must assure further thatthe result of the operation raises no exception when converted to the semantic type of theoperation.40X.9 <math.h>This subclause contains specification of <math.h> facilities that is particularly suitedfor IEC 559 implementations.45The Standard C macro HUGE_VAL and its float and long˚double analogs,HUGE_VALF and HUGE_VALL, expand to expressions whose values are positive infinities.

39 0 - 0 yields -0 instead of +0 just when the rounding direction is downward.

WG14/N595 X3J11/96-0599/12/9656C9X Floating-Point�IEC 559 AnnexSpecial cases for functions in <math.h> are covered directly or indirectly by IEC 559.X.3 identifies the functions that IEC 559 specifies directly. The other functions in<math.h> treat infinities, NaNs, signed zeros, subnormals, and (provided the state forFENV_ACCESS is on) the exception flags in a manner consistent with the basic arithmeticoperations covered by IEC 559.5The invalid and divide-by-zero exceptions are raised as specified in subsequentsubclauses of this annex.The overflow exception is raised whenever an infinity�or, because of rounding10direction, a maximal-magnitude finite number�is returned in lieu of a value whosemagnitude is too large.The underflow exception is raised whenever a result is tiny (essentially subnormal orzero) and suffers loss of accuracy.4015Whether or when the trigonometric, hyperbolic, base-e exponential, base-elogarithmic, error, and lgamma functions raise the inexact exception is implementation-defined. For other functions, the inexact exception is raised whenever the rounded resultis not identical to the mathematical result.20Whether the inexact exception may be raised when the rounded result actually doesequal the mathematical result is implementation-defined. Whether the underflow (andinexact) exception may be raised when a result is tiny but not inexact is implementation-defined.41 Otherwise, as implied by X.7.6, the <math.h> functions do not raise spurious25exceptions (detectable by the user).Whether the functions honor the rounding direction mode is implementation-defined.Generally, one-parameter functions of a NaN argument return that same NaN and30raise no exception.The specification in the following subclauses appends to the definitions in <math.h>.X.9.1 Trigonometric functions35Type-face used in the following subclauses is misleading in that Courier bold is used fornon-program elements. This will be resolved with the redactor.X.9.1.1 The acos function40¥acos(1) returns +0.¥acos(x) returns a NaN and raises the invalid exception for |x| > 1.X.9.1.2 The asin function45¥asin(–0) returns –0.¥asin(x) returns a NaN and raises the invalid exception for |x| > 1.

40 IEC 559 allows different definitions of underflow. They all result in the same values, but differ on whenthe exception is raised.41 It is intended that undeserved underflow and inexact exceptions are raised only if determininginexactness would be too costly.

Draft 9/12/96WG14/N595 X3J11/96-059C9X Floating-Point�IEC 559 Annex57X.9.1.3 The atan function¥atan(–0) returns –0.¥atan(–INFINITY) returns –p/2.5X.9.1.4 The atan2 function¥If one argument is a NaN then atan2 returns that same NaN; if both arguments areNaNs then atan2 returns one of its arguments.¥atan2(–0, x) returns –0, for x > 0.10¥atan2(–0, +0) returns –0.42¥atan2(–0, x) returns –p, for x < 0.¥atan2(–0, -0) returns –p.¥atan2(y, –0) returns p/2 for y > 0.¥atan2(y, –0) returns -p/2 for y < 0.15¥atan2(–y, INFINITY) returns –0, for finite y > 0.¥atan2(–INFINITY, x) returns –p/2, for finite x.¥atan2(–y, -INFINITY) returns –p, for finite y > 0.¥atan2(–INFINITY, INFINITY) returns –p/4.¥atan2(–INFINITY, -INFINITY) returns –3p/4.20X.9.1.5 The cos function¥cos(–0) returns 1.¥cos(–INFINITY) returns a NaN and raises the invalid exception.25X.9.1.6 The sin function¥sin(–0) returns –0.¥sin(–INFINITY) returns a NaN and raises the invalid exception.30X.9.1.7 The tan function¥tan(–0) returns –0.¥tan(–INFINITY) returns a NaN and raises the invalid exception.35X.9.2 Hyperbolic functionsX.9.2.1 The acosh function40¥acosh(1) returns +0.¥acosh(+INFINITY) returns +INFINITY.¥acosh(x) returns a NaN and raises the invalid exception if x < 1.X.9.2.2 The asinh function45¥asinh(–0) returns –0.¥asinh(–INFINITY) returns –INFINITY.

42 atan2(0,˚0) does not raise the invalid exception, nor does atan2(y,˚0)raisethedivide-by-zeroexception.

WG14/N595 X3J11/96-0599/12/9658C9X Floating-Point�IEC 559 AnnexX.9.2.3 The atanh function¥atanh(–0) returns –0.¥atanh(–1) returns –INFINITY and raises the divide-by-zero exception.¥atanh(x) returns a NaN and raises the invalid exception if |x| > 1.5X.9.2.4 The cosh function¥cosh(–0) returns 1.¥cosh(–INFINITY) returns +INFINITY.10X.9.2.5 The sinh function¥sinh(–0) returns –0.¥sinh(–INFINITY) returns –INFINITY.15X.9.2.6 The tanh function¥tanh(–0) returns –0.¥tanh(–INFINITY) returns –1.20X.9.3 Exponential and logarithmic functionsX.9.3.1 The exp function25¥exp(–0) returns 1.¥exp(+INFINITY) returns +INFINITY.¥exp(-INFINITY) returns +0.X.9.3.2 The exp2 function30¥exp2(–0) returns 1.¥exp2(+INFINITY) returns +INFINITY.¥exp2(-INFINITY) returns +0.35X.9.3.3 The expm1 function¥expm1(–0) returns –0.¥expm1(+INFINITY) returns +INFINITY.¥expm1(-INFINITY) returns -1.40X.9.3.4 The frexp function¥frexp(–0, exp) returns –0, and returns 0 in *exp.¥frexp(–INFINITY, exp) returns – INFINITY, and returns an unspecified value in45*exp.¥frexp(x, exp) returns x if x is a NaN, and stores an unspecified value in *exp.¥frexp raises no exception.On a binary system, frexp is equivalent to the comma expression50( (*exp = (value == 0) ? 0 : (int)(1 + logb(value))), scalb(value, -(*exp)) )

Draft 9/12/96WG14/N595 X3J11/96-059C9X Floating-Point�IEC 559 Annex59X.9.3.5 The ldexp functionOn a binary system, ldexp(x, exp) is equivalent to5scalb(x, exp)X.9.3.6 The log function¥log(–0) returns -INFINITY and raises the divide-by-zero exception.10¥log(1) returns +0.¥log(x) returns a NaN and raises the invalid exception if x < 0.¥log(+INFINITY) returns +INFINITY.X.9.3.7 The log10 function15¥log10(–0) returns -INFINITY and raises the divide-by-zero exception.¥log10(1) returns +0.¥log10(x) returns a NaN and raises the invalid exception if x < 0.¥log10(+INFINITY) returns +INFINITY.20X.9.3.8 The log1p function¥log1p(–0) returns –0.¥log1p(-1) returns -INFINITY and raises the divide-by-zero exception.25¥log1p(x) returns a NaN and raises the invalid exception if x < -1.¥log1p(+INFINITY) returns +INFINITY.X.9.3.9 The log2 function30¥log2(–0) returns -INFINITY and raises the divide-by-zero exception.¥log2(x) returns a NaN and raises the invalid exception if x < 0.¥log2(+INFINITY) returns +INFINITY.X.9.3.10 The logb function35¥logb(–INFINITY) returns +INFINITY.¥logb(–0) returns -INFINITY and raises the divide-by-zero exception.X.9.3.11 The modf functions40¥modf(value, iptr) returns a result with the same sign as the argument value.¥modf(–INFINITY, iptr) returns –0 and stores –INFINITY through iptr.¥modf of a NaN argument returns that same NaN and also stores it through iptr.45

WG14/N595 X3J11/96-0599/12/9660C9X Floating-Point�IEC 559 Annexmodf behaves as though implemented by#include <math.h>#include <fenv.h>FENV_ACCESS_ON;5double modf(double value, double *iptr){int save_round = fegetround();fesetround(FE_TOWARDZERO);*iptr = nearbyint(value);10fesetround(save_round);return copysign( (fabs(value) == INFINITY) ? 0.0 : value - (*iptr), value);}15X.9.3.12 The scalb function¥scalb(x, n) returns x if x is infinite, zero, or a NaN.¥scalb(x, 0) returns x.20X.9.4 Power and absolute value functionsX.9.4.1 The fabs function25¥fabs(–0) returns +0.¥fabs(–INFINITY) returns +INFINITY.X.9.4.2 The hypot function30¥hypot(x,˚y), hypot(y,˚x), and hypot(x,˚-y) are equivalent.¥hypot(x, y) returns +INFINITY if x is infinite.¥If both arguments are NaNs then hypot returns one of its arguments; otherwise, if xis a NaN and y in not infinite then hypot returns that same NaN.¥hypot(x, –0) is equivalent to fabs(x).35[hypot(INFINITY,˚NAN) returns +INFINITY, under the justification thathypot(INFINITY,˚y) is +INFINITY for any numeric value y.]X.9.4.3 The pow function40¥pow(x, –0) returns 1 for any x.¥pow(x, +INFINITY) returns +INFINITY for |x| > 1.¥pow(x, +INFINITY) returns +0 for |x| < 1.¥pow(x, -INFINITY) returns +0 for |x| > 1.45¥pow(x, -INFINITY) returns +INFINITY for |x| < 1.¥pow(+INFINITY, y) returns +INFINITY for y > 0.¥pow(+INFINITY, y) returns +0 for y < 0.¥pow(-INFINITY, y) returns -INFINITY for y an odd integer > 0.¥pow(-INFINITY, y) returns +INFINITY for y > 0 and not an odd integer.50¥pow(-INFINITY, y) returns -0 for y an odd integer < 0.¥pow(-INFINITY, y) returns +0 for y < 0 and not an odd integer.¥pow(x, y) returns one of its NaN arguments if y is a NaN, or if x is a NaN and y isnonzero.

Draft 9/12/96WG14/N595 X3J11/96-059C9X Floating-Point�IEC 559 Annex61¥pow(–1, –INFINITY) returns a NaN and raises the invalid exception.¥pow(x, y) returns a NaN and raises the invalid exception for finite x < 0 and finitenonintegral y.¥pow(–0, y) returns –INFINITY and raises the divide-by-zero exception for y an oddinteger < 0.5¥pow(–0, y) returns +INFINITY and raises the divide-by-zero exception for y < 0 andnot an odd integer.¥pow(–0, y) returns –0 for y an odd integer > 0.¥pow(–0, y) returns +0 for y > 0 and not an odd integer.10X.9.4.4 The sqrt functionsqrt is fully specified as a basic arithmetic operation in IEC 559.X.9.5 Error and gamma functions15X.9.5.1 The erf function¥erf(–0) returns –0.¥erf(–INFINITY) returns –1.20X.9.5.2 The erfc function¥erfc(+INFINITY) returns +0.¥erfc(-INFINITY) returns 2.25X.9.5.3 The gamma function¥gamma(+INFINITY) returns +INFINITY.¥gamma(x) returns a NaN and raises the invalid exception if x is a negative integer or30zero.¥gamma(-INFINITY) returns a NaN and raises the invalid exception.X.9.5.4 The lgamma function35¥lgamma(+INFINITY) returns +INFINITY.¥lgamma(x) returns +INFINITY and raises the divide-by-zero exception if x is anegative integer or zero.¥lgamma(-INFINITY) returns a NaN and raises the invalid exception.40X.9.6 Nearest integer functionsX.9.6.1 The ceil function¥ceil(x) returns x if x is –INFINITY or –0.45

WG14/N595 X3J11/96-0599/12/9662C9X Floating-Point�IEC 559 AnnexThe double version of ceil behaves as though implemented by#include <math.h>#include <fenv.h>FENV_ACCESS_ON;5double ceil(double x){double result;int save_round = fegetround();fesetround(FE_UPWARD);10result = rint(x);/* or nearbyint instead of rint */fesetround(save_round);return result;}15X.9.6.2 The floor function¥floor(x) returns x if x is –INFINITY or –0.See the sample implementation for ceil in X.9.6.1.20X.9.6.3 The nearbyint functionThe nearbyint function differs from the r i n t function only in that the nearbyintfunction does not raise the inexact flag.25X.9.6.4 The rint functionThe r i n t function uses IEC 559 rounding according to the current roundingdirection. It raises the inexact exception if its argument differs in value from its result.30¥rint(–0) returns –0 (for all rounding directions).¥rint(–INFINITY) returns –INFINITY (for all rounding directions).X.9.6.5 The rinttol function35The rinttol function provides floating-to-integer conversion as prescribed by IEC559. It rounds according to the current rounding direction. If the rounded value isoutside the range of long int, the numeric result is unspecified and the invalid exceptionis raised. When it raises no other exception and its argument differs from its result,40rinttol raises the inexact exception.

Draft 9/12/96WG14/N595 X3J11/96-059C9X Floating-Point�IEC 559 Annex63X.9.6.6 The round functionThe double version of round behaves as though implemented by#include <math.h>5#include <fenv.h>FENV_ACCESS_ON;double round(double x){double result;10fenv_t save_env;feholdexcept(&save_env);result = rint(x);if (fetestexcept(FE_INEXACT)){15fesetround(FE_TOWARDZERO);result = rint(copysign(0.5 + fabs(x), x));}feupdateenv(&save_env);return result;20}The round function may but is not required to raise the inexact exception fornonintegral numeric arguments, as this implementation does.25X.9.6.7 The roundtol functionThe roundtol function differs from rinttol with the default rounding direction justin that roundtol (1) rounds halfway cases away from zero and (2) may but need not raisethe inexact exception for nonintegral arguments that round to within the range of long30int.X.9.6.8 The trunc functionThe trunc function uses IEC 559 rounding toward zero (regardless of the current35rounding direction).X.9.7 Remainder functionsX.9.7.1 The fmod function40¥If one argument is a NaN then fmod returns that same NaN; if both arguments areNaNs then fmod returns one of its arguments.¥fmod(–0, y) returns –0 if y is not zero.¥fmod(x, y) returns a NaN and raises the invalid exception if x is infinite or y is zero.45¥fmod(x, –INFINITY) returns x if x is not infinite.

WG14/N595 X3J11/96-0599/12/9664C9X Floating-Point�IEC 559 AnnexThe double version of fmod behaves as though implemented by#include <math.h>#include <fenv.h>FENV_ACCESS_ON;5double fmod(double x, double y){double result;result = remainder(fabs(x), (y = fabs(y)));if (signbit(result)) result += y;10return copysign(result, x);}X.9.7.2 The remainder function15The remainder function is fully specified as a basic arithmetic operation in IEC 559.X.9.7.3 The remquo functionThe remquo function follows the specification for remainder. It has no further20specification special to IEC 559 implementations.X.9.8 Manipulation functionsX.9.8.1 The copysign function25copysign is specified in the Appendix to IEC 559.X.9.8.2 The nan function30All IEC 559 implementations support quiet NaNs, in all floating formats.X.9.8.3 The nextafter function¥If one argument is a NaN then nextafter returns that same NaN; if both arguments35are NaNs then nextafter returns one of its arguments.¥nextafter(x, y) raises the overflow and inexact exceptions if x is finite and thefunction value is infinite.¥nextafter(x, y) raises the underflow and inexact exceptions if the function value issubnormal or zero and x != y.40X.9.9 Maximum, minimum, and positive difference functionsX.9.9.1 The fdim function45¥If one argument is a NaN then fdim returns that same NaN; if both arguments areNaNs then fdim returns one of its arguments.X.9.9.2 The fmax function50¥If just one argument is a NaN then fmax returns the other argument; if botharguments are NaNs then fmax returns one of its arguments.

Draft 9/12/96WG14/N595 X3J11/96-059C9X Floating-Point�IEC 559 Annex65The fmax function might be implemented as{ return (isgreaterequal(x, y) || isnan(y)) ? x : y; }43X.9.9.3 The fmin function5fmin is analogous to fmax. See X.9.9.2.

43 Ideally, fmax would be sensitive to the sign of zero, for example fmax(-0.0, +0.0) would return+0; however, implementation in software might be impractical.