Index

Symbols

/ (divide) operator 6-9 to 6-10
— (minus) operator 6-6 to 6-7
I< (not less than) operator 6-4
I<= (not less than or equal) operator 6-4
I<> (not less or greater than) operator 6-4
l<>= (unordered) operator 6-4
!= (not equal) operator 6-4
!> (not greater than) operator 6-4
I>= (not greater than or equal) operator 6-4
* (multiply) operator 6-8
+ (plus) operator 6-5 to 6-6
< (less than) operator
assembler 12-7
defined 6-4
<= (less than or equal to) operator 6-4
<> (less or greater than) operator 6-4
<>= (ordered) operator 6-4
== (equal to) operator
assembler 12-7
defined 6-4
> (greater than) operator
assembler 12-7
defined 6-4
>= (greater than or equal to) operator 6-4
00, See Infinities

Numerals

+0. See zero

680x0-based Macintosh computers
numerics environment 1-13
porting from A-1to A-10

8087 coprocessor B-3

A

absolute value 4-5
assembler 14-7
compiler 10-11 to 10-12
accessing the environment
assembler instructions 12-14 to 12-15
C functions 8-9 to 8-13
C functions, prerequisite D-1 to D-2

accuracy
of basic arithmetic operations 1-4
decimal to binary conversions 5-7 to 5-8
acos function 10-36 to 10-37
acosh function 10-45 to 10-46
addition 6-5to 6-6
assembler 14-4
invalid exception, generating 4-5
address mode 11-5
AINT B-1
annui ty function 10-52 to 10-54
ANSI X3J11.1 1-12 to 1-13
antilog functions. See exponential functions
APDA xix
arc cosine 10-36 to 10-37
arc cosine, hyperbolic 10-45 to 10-46
arc sine 10-37 to 10-39
arc sine, hyperbolic 10-47 to 10-48
arc tangent 10-39 to 10-40, 10-40 to 10-41
arc tangent, hyperbolic 10-48 to 10-50
argument reduction 6-11, 10-33
arithmetic assembler instructions 14-4 to 14-5
arithmetic operations 6-5 to 6-14
addition 6-5 to 6-6
assembler 14-4 to 14-7
automatic type conversions 3-10
division 6-9 to 6-10
multiplication 6-8
remainder 6-11 to 6-13
round-to-integer 6-13 to 6-14
square root 6-10 to 6-11
subtraction 6-6 to 6-7

arithmetic, IEEE standard 1-3 to 1-13, 6-5 to 6-14

asi n function 10-37 to 10-39
asi nh function 10-47 to 10-48
assembler 11-3 to 14-8
conversions 13-3 to 13-6
data formats 11-3
environmental access 12-3 to 12-15
operations supported 14-3 to 14-8
at an function 10-39 to 10-40
at an2 function 10-40 to 10-41
at anh function 10-48 to 10-50
atomic operations 8-13
auxiliary functions 6-14 to 6-15
assembler 14-8
exponent field, return 10-29 to 10-30
nan function 7-5
nextafter functions 10-60 to 10-62
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scaling 10-20 to 10-21 common logarithm 10-25 to 10-26

sign manipulation 10-10 to 10-11 conp data type (porting) A-4
comparison functions 10-3 to 10-9
comparison operations. See comparisons
comparison operators 6-3 to 6-5

B comparisons 6-3 to 6-5
assembler (branch instructions) 12-6

base 2 exponential 10-13 to 10-14 assembler instructions 14-3 to 14-4

BASIC B-1 C functions 10-3 to 10-9

beq assembler instruction 12-6 invalid exception, generating 4-5

bge assembler instruction 12-6 involving Infinities 6-3

bgt assembler instruction 12-6 involving NaNs 6-3

bias of exponents 2-5 compatibility across architectures A-9 to A-10

binary logarithm 10-28 to 10-29 compiler optimizations

binary to decimal conversions 5-7 to 5-12 and evaluation of floating-point constant
C functions 9-17 to 9-19 expressions D-5
double-double format 5-9 to 5-10 and floating-point environment D-1 to D-2
strings 5-12 and widest-need evaluation D-5
structures 5-10 to 5-11, 9-13 to 9-15 complementary error function 10-56 to 10-57

bl e assembler instruction 12-6 compound function 10-50 to 10-52

bl t assembler instruction 12-6 computer approximation of real numbers 1-3

bne assembler instruction 12-6 Condition Register 11-4, 12-5 to 12-6

bng assembler instruction 12-6 constants, floating-point

bnl assembler instruction 12-6 evaluation D-5to D-7

bnu assembler instruction 12-6 hexadecimal D-3

branch assembler instructions 12-6 contraction operators D-2 to D-3

bt a assembler instruction 12-6 controlling the environment

bun assembler instruction 12-6 assembler instructions 12-3 to 12-15

C functions 8-3 to 8-15
conversions 5-3 to 5-12
accuracy of decimal to binary 5-7 to 5-8

C assembler 13-3 to 13-6
between decimal formats 5-10, 9-19 to 9-23
Clanguage between floating-point formats 5-5 to 5-7, 9-13, 13-5
compilers, FPCE recommendations for D-1 to D-9 binary to decimal 5-7 to 5-12, 9-13 to 9-19
conformance to IEEE 754 1-12 to 1-13 C functions 9-3 to 9-25
constants, floating-point D-3, D-5 to D-7 cei | function 9-6 to 9-7
conversions 9-3 to 9-25 decimal to binary 5-7 to 5-12
data types, new 7-3 to 7-8 C functions 9-13 to 9-19
doubl e type. See double format double-double format 5-9 to 5-10
environmental controls 8-3 to 8-15 double-double to decimal 5-9 to 5-10
expression evaluation D-3 to D-9 during expression evaluation 3-3 to 3-11
float type. See single format floating-point to integer 5-3 to 5-5, 6-13 to 6-14, 9-3
function calls, conversions during 3-8 to 9-11, 13-4 to 13-5
| ong doubl e type. See double-double format fl oor function 9-7 to 9-8
transcendental functions 10-3 to 10-67 inexact exception 5-4, 5-5, 5-7
CDC computers B-2 integer to floating-point 5-3 to 5-5, 9-12, 13-3 to 13-4
cei | function 9-6 to 9-7 invalid exception 4-5, 5-4
cl assconp SANE function A-6 near byi nt function 9-9 to 9-10
cl assdoubl e SANE function A-6 overflow exception 5-5, 5-7
classes of floating-point numbers 2-5 to 2-11 rint function 6-13 to 6-14
assembler 12-7 to 12-9 rinttol function 9-3 to 9-4
compiler 7-4 to 7-5 r ound function 9-10 to 9-11
cl assext ended SANE function A-6 r oundt ol function 9-5 to 9-6
cl assfl oat SANE function A-6 SANE A-1to A-2
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t runc function 9-11 to 9-12
underflow exception 5-5, 5-7
copysi gn function 10-10 to 10-11
invalid exception 4-5
SANE A-5
copysi gnl function 10-10 to 10-11
cos function 10-33 to 10-34
cosh function 10-42 to 10-43
cosine 10-33 to 10-34
cosine, hyperbolic 10-42 to 10-43
CR. See Condition Register
Cray computers B-2
current rounding direction 4-3 to 4-4
near byi nt function 9-9 to 9-10
rint function 6-13 to 6-14
rinttol function 9-3 to 9-4

D

data formats 2-3 to 2-17
assembler 11-3
choosing 2-16
classes of numbers 2-5 to 2-11
assembler 12-7 to 12-9
compiler 7-4 to 7-5
compiler 7-3 to 7-8
converting between 5-5 to 5-7, 9-13, 13-5
diagrams 2-11 to 2-15
diagrams, symbols used in 2-11
double format 2-13 to 2-14
double-double format 2-14 to 2-15
expression evaluation format 3-3
minimum evaluation format 3-3 to 3-5, D-4
precision of 2-16 to 2-17
range of 2-16 to 2-17
SANE A-1, A-4 to A-5
semantic type 3-3
single format 2-11 to 2-12
widening for efficiency 7-3 to 7-4, A-9
dec2f function 9-16 to 9-17
dec2l| function 9-16 to 9-17
dec2numfunction 9-16 to 9-17
dec2nunl function 9-16 to 9-17
dec2s function 9-16 to 9-17
dec2str function 9-19 to 9-21
decf or mstructure 5-11
definition 9-14 to 9-15
di gi ts field 9-14 to 9-15, 9-18, 9-20
styl e field 9-14 to 9-15
decimal data, reading and writing 5-8 to 5-10
decimal formatting structure 5-11, 9-14 to 9-15
decimal fractions 1-3
decimal output

fixed-style 9-15
floating-style 9-14 to 9-15
decimal strings 5-12
decimal structure 5-10 to 5-11
deci mal structure 5-10 to 5-11
definition 9-13 to 9-14
exp field 9-13 to 9-14, 9-15, 9-17, 9-18
sgn field 9-13 to 9-14, 9-15
si g field 9-14, 9-16 to 9-17, 9-18, 9-20
decimal to binary conversions 5-7 to 5-12
C functions 9-16 to 9-17
double-double format 5-9 to 5-10
strings 5-12
structures 5-10 to 5-11, 9-13 to 9-15
decimal to decimal conversions 5-10, 9-19 to 9-23
DECI MAL_DI Gconstant A-10
default environment 4-4
default rounding direction 4-3
denormalized numbers 2-6 to 2-7
density of 2-6
double-double format 2-15
SANE A-2
DENORMALNUMSANE constant A-6
density of denormalized numbers 2-6
density of single-precision numbers 2-5
difference operation
assembler 14-4
defined 6-6 to 6-7
difference, positive function 10-4 to 10-5
DI VBYZEROSANE constant A-7
/ (divide) operator 6-9 to 6-10
divide-by-zero exception
assembler 12-11
defined 4-6
division 6-9 to 6-10
assembler 14-4
invalid exception, generating 4-5
by zero 1-9
double format 2-13 to 2-14
compiler 2-4,7-3
converting from double-double format 5-7
converting from single format
assembler 13-5
defined 5-5
converting to double-double format 5-7
converting to single format
assembler 13-5 to 13-6
defined 5-5
diagram 2-13
diagram, symbols used in 2-11
as minimum evaluation format D-4
precision 2-16
range 2-14
representation of values 2-13
doubl e type. See double format
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DOUBLE_SI ZE macro A-10

doubl e_t typedef 7-3 to 7-4
for compatibility A-9
in transcendental function declarations A-4

double-double format 2-14 to 2-15
compared to extended format 2-3 to 2-4
compiler 2-4,7-3
converting from double format 5-7
converting from single format 5-5 to 5-7
converting to decimal 5-9 to 5-10
converting to double format 5-7
converting to single format 5-5 to 5-7
diagram 2-14
diagram, symbols used in 2-11
interpretation of values 2-14 to 2-15
as minimum evaluation format D-4, D-5
precision 2-14 to 2-15, 2-16
range 2-15

downward rounding
defined 4-3
fl oor function 9-7 to 9-8

DOWNWARD SANE constant A-7

E

elementary functions. See transcendental functions
environment 4-3 to 4-6
accessing
assembler instructions 12-14 to 12-15
C functions 8-9 to 8-13
C functions prerequisite D-1 to D-2
assembler 12-3 to 12-15
C functions, types 8-3 to 8-15
default 4-4
ignoring D-2
restoring
assembler 12-14 to 12-15
compiler 8-11 to 8-12, 8-12 to 8-13
SANE A-3, A-7 to A-8
saving
assembler 12-14 to 12-15
compiler 8-10, 8-10 to 8-11
setting (compiler) 8-11 to 8-12
use B-3
envi ronnent SANE type A-7
environmental access switch
defined D-1 to D-2
purpose, note on 8-3
environmental controls 4-3 to 4-6
assembler instructions 12-3 to 12-15
C functions 8-3 to 8-15
SANE A-3, A-7 to A-8
== (equal to) operator
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assembler 12-7
defined 6-4
erf function 10-55 to 10-56
er f ¢ function 10-56 to 10-57
error functions 10-55 to 10-60
evaluation format 3-3
minimum 3-3, D-4
widest need 3-5 to 3-7
evaluation rules B-2
exception handling 1-7 to 1-9
excepti on SANE type A-7
exceptional events 1-6 to 1-9
exceptions 1-6 to 1-9
assembler instructions 12-10 to 12-13
C functions 8-5 to 8-9
clearing
assembler 12-11
compiler 8-6, 8-10 to 8-11
in Condition Register 12-6
descriptions of 4-4 to 4-6
divide-by-zero 4-6
enabling and disabling (assembler) 12-12
inexact 4-6
invalid 4-5
overflow 4-5
preserving
assembler 12-14 to 12-15
compiler 8-10 to 8-11, 8-12 to 8-13
raising
assembler 12-11
compiler 8-7 to 8-8
restoring (compiler) 8-8
saving
assembler 12-14 to 12-15
compiler 8-7, 8-10 to 8-11
setting
assembler 12-11
compiler 8-7 to 8-8, 8-12 to 8-13
spurious 8-13
testing
assembler 12-12 to 12-13
compiler 8-8 to 8-9
underflow 4-5
exp function 10-12 to 10-13
expl SANE function A-6
exp2 function 10-13 to 10-14
expnl function 10-14 to 10-15
exponent
defined 2-5

determining value of 10-21 to 10-22, 10-29 to 10-30

exponential functions 10-12 to 10-21
base 2 exponential 10-13 to 10-14
natural exponential 10-12 to 10-13
natural exponential -1 10-14 to 10-15

expression evaluation format 3-3
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expression evaluation methods 3-3 to 3-11
compared 3-8 to 3-11
compiler D-3 to D-9
examples 3-8 to 3-11
floating-point constants D-5 to D-7
minimum evaluation format only 3-3 to 3-5, D-4
SANE A-2
widest-need evaluation 3-5 to 3-6, D-5

ext ended data type A-5
compared to double-double format 2-3 to 2-4
in definitions of f | oat _t and doubl e_t 7-4
in transcendental function declarations A-4

=

f abs assembler instruction 14-7
f abs function 4-5, 10-11 to 10-12
f absl function 10-11 to 10-12
f add assembler instruction 14-4 to 14-5
f cnpo assembler instruction 14-3 to 14-4
f crpu assembler instruction 14-3 to 14-4
f ct i wassembler instruction 13-4 to 13-5
f cti wz assembler instruction 13-4 to 13-5
f di mfunction 10-4 to 10-5
f di v assembler instruction 14-4 to 14-5
FE_ALL_ EXCEPT constant 8-6
FE_DFL_ENV constant 8-10
FE_DI VBYZEROconstant 8-6
FE_DOMMARD constant 8-3
FE_I NEXACT constant 8-6
FE_I NVALI D constant 8-6
FE_OVERFLOWCconstant 8-6
FE_TONEAREST constant 8-3
FE_TOWARDZERO constant 8-3
FE_UNDERFLOWCconstant 8-6
FE_UPWARD constant 8-3
f ecl ear except function 8-6
f eget env function

definition 8-10

difference from f ehol dexcept function 8-11
f eget except function

definition 8-7

with f eset except function 8-8
f eget r ound function

definition 8-3 to 8-4

with f eset r ound function 8-4, 8-5
f ehol dexcept function 8-10 to 8-11
f env_access pragma option D-1 to D-2
fenv_t type 8-10
f env. h file 8-3 to 8-15, C-12 to C-13
f er ai seexcept function 8-7 to 8-8
f eset env function 8-11 to 8-12
f eset except function 8-8

f eset r ound function 8-4 to 8-5
f et est except function 8-8 to 8-9
f eupdat eenv function
definition 8-12 to 8-13
with f ehol dexcept function 8-11
f except _t type 8-6
financial functions 10-50 to 10-54
float type. See single format
float _t typedef 7-3 to7-4, A-9
floating-point constants
evaluation D-5 to D-7
hexadecimal D-3
floating-point data formats. See data formats
floating-point environment. See environment
floating-point exceptions. See exceptions
floating-point expressions, evaluating 3-3 to 3-11, D-3
to D-9
floating-point numbers
classes of 2-5 to 2-11
assembler 12-7 to 12-9
compiler 7-4 to 7-5
converting to integer 6-13 to 6-14
integers, converting to 5-3 to 5-5
assembler 13-4 to 13-5
compiler 9-3 to 9-11
truncating 4-3
splitting 10-30 to 10-31
floating-point registers 11-3
floating-point result flags 12-7
Floating-Point Status and Control Register (FPSCR).
See FPSCR
floating-point values, interpreting 2-4 to 2-11
floating-point variables, initialization D-7
f I oor function 9-7 to 9-8
flush-to-zero systems 2-6
f madd assembler instruction 14-6 to 14-7
f max function 10-5 to 10-6
f m n function 10-6 to 10-7
f nod function 6-11 to 6-13
f nr assembler instruction 14-7
f nsub assembler instruction 14-6 to 14-7
f mul assembler instruction 14-4 to 14-5
f nabs assembler instruction 14-7
f neg assembler instruction 14-7
f nmadd assembler instruction 14-6 to 14-7
f nnsub assembler instruction 14-6 to 14-7
format conventions for this book xviii to xix
formats. See data formats
formatters, numeric 9-19 to 9-21
formatting output
fixed-style decimal 9-15
floating-style decimal 9-14 to 9-15
Fortran B-1, B-2, B-3
__FP__ macro A-10
fp_contract pragma D-2 to D-3
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FPCE technical report 1-12 to 1-13
compiler, recommendations for D-1 to D-9
conversions 9-3 to 9-25
data types 7-3
environmental access 8-3 to 8-15
expression evaluation D-3 to D-9
transcendental functions 10-3 to 10-67

f pcl assi fy macro 7-4

fp. hfile C-1to C-11
functions 9-3 to 9-25, 10-3 to 10-67
porting to A-4 to A-8

FPSCR 11-4
exception bits 12-10 to 12-11
format 12-3 to 12-5
manipulation 12-3 to 12-15
result flags 12-7
rounding direction 12-9 to 12-10

f p_wi de_functi on_par anet er s pragma D-9

fp_wi de_function_returns pragma D-8

fp_wi de_vari abl es pragma D-9

fraction field
defined 2-3
determining value of 10-21 to 10-22

f r exp function 10-21 to 10-22

f r sp assembler instruction 13-5

f sub assembler instruction 14-4 to 14-5

functions 6-3 to 6-15
auxiliary 6-14 to 6-15
comparison 10-3 to 10-9
error 10-55 to 10-60
exponential 10-12 to 10-21
financial 10-50 to 10-54
gamma 10-55 to 10-60
hyperbolic 10-42 to 10-50
logarithmic 10-21 to 10-31
sign manipulation 10-9 to 10-12
trigonometric 10-31 to 10-41

G

gamma function 10-57 to 10-58
gamma functions 10-55 to 10-60
get envi ronment SANE function A-8
get r ound SANE function A-7
gradual underflow 2-7
> (greater than) operator
assembler 12-7
defined 6-4
>= (greater than or equal to) operator 6-4
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H

hexadecimal floating-point constants in C D-3
HP Spectrum quad format B-2

hyperbolic functions 10-42 to 10-50

hypot function 10-62 to 10-63

hypotenuse 10-62 to 10-63

IBM Q format B-2
IEEE arithmetic
advantages 1-3 to 1-9
operations 6-5 to 6-14
IEEE data formats 2-3 to 2-4
. See also single format, double format
IEEE standard xvii
advantages 1-3 to 1-13
arithmetic operations 6-5 to 6-14
auxiliary functions 6-14 to 6-15
Clanguage 1-12to 1-13
comparisons 6-4
conversions required 5-3
data formats 2-3 to 2-4
exceptions 4-4 to 4-6
rounding direction modes 4-3 to 4-4, 5-4
. See also rounding direction
rounding precision modes 4-4
IEEE Standard 754. See IEEE standard
IEEE Standard 854 1-3
| ogb function 10-29
near byi nt function 9-9
IEEE standard arithmetic. See IEEE arithmetic
| EEEDEFAULTENV SANE constant A-7
inexact exception 4-6
assembler 12-11
conversions 5-4, 5-5, 5-7
I NEXACT SANE constant A-7
I NFI NI TESANE constant A-6
Infinities 2-7 to 2-8
as alternative to stopping 1-7, 1-8 to 1-9
comparisons 6-3
converting to decimal 9-18
converting to floating-point 9-17
converting to integer 5-4
converting to string 9-20
double-double format 2-15
negative 2-8
positive 2-8
SANE A-2
I NFI NI TY constant 7-5
initialization of floating-point variables D-7
instant rounding B-2
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INT B-1

integer types 2-8

integers, converting 5-3 to 5-5
assembler 13-3 to 13-4
compiler 9-12
rounding 4-3
truncating 4-3

interpreting floating-point values 2-4 to 2-11

interval arithmetic 1-5
invalid exception 4-5
assembler 12-10
conversions 5-4
signaling NaN, result of 2-8
invalid operation flag B-3
| NVALI DSANE constant A-7

invalid-operation exception. See invalid exception

inverse operations 1-5 to 1-6
i power SANE function A-6
i sfinitemacro 7-4

i snan macro 7-4

i snor mal macro 7-4

L

| dexp function 10-16 to 10-17
<> (less or greater than) operator 6-4
< (less than) operator
assembler 12-7
defined 6-4
<= (less than or equal to) operator 6-4
| f d assembler instruction 11-6
| f du assembler instruction 11-6
| f dux assembler instruction 11-7
| f dx assembler instruction 11-7
| f s assembler instruction 11-6, 13-5
| f su assembler instruction 11-6, 13-5
| f sux assembler instruction 11-7, 13-5
| f sx assembler instruction 11-7, 13-5
| gama function 10-59 to 10-60
load assembler instructions 11-5 to 11-7
as conversion operations 13-5
formats 11-5 to 11-6
| og function 10-23 to 10-25
| og1l SANE function A-6
| 0g10 function 10-25 to 10-26
| oglp function 10-26 to 10-27
| 092 function 10-28 to 10-29
logarithmic functions 10-21 to 10-31
binary 10-28 to 10-29
common 10-25 to 10-26
log of gamma 10-59 to 10-60
natural 10-23 to 10-25, 10-26 to 10-27
| ogb function 10-29 to 10-30

| ong doubl e type. See double-double format

LONG_DOUBLE_SI ZE macro A-10

M

MathLib 1-12 to 1-13
conversions 9-3 to 9-25
data types, new 7-3 to 7-8
environmental controls 8-3 to 8-15

expression evaluation extensions D-8 to ??, D-8, ??

to D-9

porting to A-4 to A-8

transcendental functions 10-3 to 10-67
maximum function 10-5 to 10-6
MC68881 coprocessor B-3
nmer f s assembler instruction 12-9, 12-12
nf f s assembler instruction 12-14
_M N_EVAL_FORMAT macro D-8
minimum evaluation format 3-3 to 3-5

compared to widest-need evaluation 3-8 to 3-11

compiler recommendations D-4
examples 3-8 to 3-11
minimum function 10-6 to 10-7
— (minus) operator 6-6 to 6-7
mixed formats B-2
modf function 10-30 to 10-31
modulo function 6-12
move assembler instructions 14-7

nt f sb0 assembler instruction 12-11, 12-12
nt f sb1 assembler instruction 12-11, 12-12

mt f sf assembler instruction 12-14

mt f sfi assembler instruction 12-10, 12-12

multiplication 6-8

assembler 14-4

invalid exception, generating 4-5
* (multiply) operator 6-8

multiply-add assembler instructions 14-6 to 14-7

enabling and disabling D-2 to D-3
format 14-6

N

NAN constant 7-5

nan function
PowerPC Numerics 7-5
SANE A-6

NaNs 2-8 to 2-10
as alternative to stopping 1-7, 1-8
comparisons 6-3
converting to decimal 9-18
converting to floating-point 9-17
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converting to integer 5-4
converting to string 9-20
creating 7-5
double-double format 2-15
porting programs B-3
quiet 2-8 to 2-10, 4-5
SANE A-2
signaling 2-8 to 2-10, 4-5, 6-4
natural exponential 10-12 to 10-13
natural exponential minus 1 10-14 to 10-15
natural logarithm 10-23 to 10-25, 10-26 to 10-27
NCEG 1-12 to 1-13
near byi nt function 9-9 to 9-10
negative Infinity. See Infinities
negative zero. See zero
nextafter functions
PowerPC Numerics 10-60 to 10-62
SANE A-6
normalized numbers 2-5 to 2-6
compared to denormalized numbers 2-6
double-double format 2-15
NORVMALNUMSANE constant A-6
I= (not equal) operator 6-4
!> (not greater than) operator 6-4
I>= (not greater than or equal) operator 6-4
I<> (not less or greater than) operator 6-4
I< (not less than) operator 6-4
l<= (not less than or equal) operator 6-4
l<>= (unordered) operator 6-4
not unordered comparison 6-4
Not-a-Number. See NaNs
nunfdec function
definition 9-17 to 9-19
with dec2str function 9-21
numbers, classes of 2-5 to 2-11
assembler 12-7 to 12-9
compiler 7-4 to 7-5
nuncl ass SANE type A-6
Numerical C Extensions Group 1-12 to 1-13

O

operations 6-3 to 6-15

arithmetic

assembler 14-4 to 14-7

defined 6-5to 6-14
assembler 14-3 to 14-8
comparison

assembler 12-6, 14-3 to 14-4

defined 6-3 to 6-5
compiler 6-3 to 6-15
conversion

assembler 13-3 to 13-6
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compiler 9-3 to 9-25

SANE A-2to A-3

subject to arithmetic conversions 3-4
optimizations

and evaluation of floating-point constant

expressions D-5

and floating-point environment D-1 to D-2

and widest-need evaluation D-5
ordered comparison

assembler 14-3

defined 6-4
<>= (ordered) operator 6-4
output

fixed-style decimal 9-15

floating-style decimal 9-14 to 9-15
overflow 4-5

assembler 12-11

conversions 5-5, 5-7
OVERFLOWSANE constant A-7

P

Pascal B-1
PDP-11C B-3
pi constant 10-33
pi SANE function A-6
+ (plus) operator 6-5 to 6-6
porting programs
from SANE A-3 to A-10
from non-Macintosh computers B-1 to B-3
positive difference function 10-4 to 10-5
positive Infinity. See Infinities
positive zero. See zero
pow function
PowerPC Numerics 10-17 to 10-20
SANE A-6
power function 10-17 to 10-20
PowerPC floating-point architecture 11-3 to 14-8
conversions 13-3 to 13-6
data formats 11-3
environmental access 12-3 to 12-15
operations supported 14-3 to 14-8
PowerPC Numerics xvii
advantages 1-3 to 1-9
conversions supported 5-3 to 5-12
data formats 2-3 to 2-17
environmental controls 4-3 to 4-6
expression evaluation 3-3 to 3-11
functions supported 6-3 to 6-15
operations supported 6-3 to 6-15
SANE, compared to 1-13, A-1 to A-10
SANE, porting from A-3 to A-10
pragmas
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fenv_access D-1toD-2
fp_contract D-2toD-3
fp_wi de_function_paraneters D-8toD-9
fp_wi de_function_returns D-8toD-9
f p_wi de_vari abl es D-8 to D-9
precision 1-4
of data formats 2-16 to 2-17
of expression evaluation 3-3 to 3-11
procent ry SANE function A-8
procexit SANE function A-8

Q

ONANSANE constant A-6
quiet NaNs 2-8 to 2-10, 4-5

R

random number generator 10-63 to 10-64
randonx function 10-63 to 10-64
range of data formats 2-16 to 2-17
real numbers
computer approximation 1-3
order of 6-3
recommendations, FPCE for compilers D-1 to D-9
registers
Condition Register 11-4, 12-5 to 12-6
floating-point 11-3
FPSCR 11-4, 12-3 to 12-15
special-purpose 11-4
rel ati on function 10-8 to 10-9
relational operators 6-3 to 6-5
remai nder function
defined 6-11 to 6-13
invalid exception, generating 4-5
r enguo function 6-11 to 6-13
result flags 12-7
result, tiny 4-5
rint function 6-13 to 6-14
rinttol function 9-3 to 9-4
round function 9-10 to 9-11
round to integer operation 6-13 to 6-14
rounddi r SANE type A-7
rounding
defined 1-5to 1-6
instant B-2
rounding direction 4-3 to 4-4
assembler 12-9 to 12-10
compiler 8-3 to 8-5
control 1-5
current 6-13 to 6-14, 9-3 to 9-4, 9-9 to 9-10

default 4-3

downward 4-3

saving (compiler) 8-3 to 8-4

setting

assembler 12-9 to 12-10
compiler 8-4 to 8-5

to nearest 4-3

toward zero 4-3

upward 4-3
rounding downward

defined 4-3

f1oor function 9-7 to 9-8
rounding modes. See rounding direction
rounding precision modes 4-4
rounding to integer 4-3
rounding to nearest value 4-3
rounding toward zero

defined 4-3

t runc function 9-11 to 9-12
rounding upward

cei | function 9-6 to 9-7

defined 4-3

example 8-5

roundoff error with denormalized numbers 2-6

roundt ol function 9-5 to 9-6

S

SANE xvii

compared to PowerPC Numerics 1-13, A-1 to A-10

conversions A-1to A-2

data formats A-1

denormalized numbers A-2
environment A-3, A-7 to A-8
expression evaluation A-2
Infinities A-2

NaNs A-2

operations A-2to A-3

porting programs from A-3 to A-10

transcendental functions A-3, A-5to A-6

__SANE__ macro A-10
sane. h file A-4to A-8
scal b function
PowerPC Numerics 10-20 to 10-21
SANE A-6
scaling functions
| dexp function 10-16 to 10-17
scal b function 10-20 to 10-21
scanners 9-21 to 9-23
semantic type 3-3
set envi ronnment SANE function A-8
set excepti on SANE function A-7
set r ound SANE function A-7
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sign bit 2-3, 2-4
sign manipulation functions 10-9 to 10-12
copysi gn 10-10 to 10-11
f abs function 10-11 to 10-12
sign of zero 2-10 to 2-11
SIGN(A) B-1
SIGN(A,B) B-1
signaling NaNs 2-8 to 2-10
comparisons 6-4
invalid exception 4-5
si gnbi t macro 7-4
significand 2-4
si gnnumSANE function A-6
si n function 10-34 to 10-35
sine 10-34 to 10-35
sine, hyperbolic 10-43 to 10-44
single format 2-11 to 2-12
compiler 2-4,7-3
converting from double format
assembler 13-5 to 13-6
defined 5-5
converting from double-double format 5-5 to 5-7
converting to double format
assembler 13-5
defined 5-5
converting to double-double format 5-5 to 5-7
diagram 2-12
diagram, symbols used in 2-11
as minimum evaluation format D-4
precision 2-16
range 2-12
representation of values 2-12
single-precision numbers, density of 2-5
si nh function 10-43 to 10-44
small values
and error analysis 2-7
representing 2-6 to 2-7
SNANSANE constant A-6
special-purpose registers 11-4
spurious exceptions 8-13
sqrt function 6-10 to 6-11
square root operation
defined 6-10 to 6-11
invalid exception, generating 4-5
Standard Apple Numerics Environment (SANE). See
SANE
st f d assembler instruction 11-6
st f du assembler instruction 11-6
st f dux assembler instruction 11-7
st f dx assembler instruction 11-7
st f s assembler instruction 11-6, 13-5
st f su assembler instruction 11-6, 13-5
st f sux assembler instruction 11-7, 13-5
st f sx assembler instruction 11-7, 13-5
stopping program B-3

IN-10

store assembler instructions 11-5 to 11-7
as conversion operations 13-5 to 13-6
formats 11-5 to 11-6

st r 2dec function 9-21 to 9-23

string conversions 5-12

subtraction operation
assembler 14-4
defined 6-6 to 6-7

symbols in format diagrams 2-11

T

t agp parameter 7-5
t an function 10-35 to 10-36
tangent 10-35 to 10-36
tangent, hyperbolic 10-44 to 10-45
t anh function 10-44 to 10-45
t est excepti on SANE function A-7
tiny result 4-5
to-nearest rounding 4-3
TONEAREST SANE constant A-7
toward +o rounding. See upward rounding
toward —o rounding. See downward rounding
toward-zero rounding
defined 4-3
t runc function 9-11 to 9-12
TONARDZEROSANE constant A-7
transcendental functions 10-3 to 10-67
assembler 14-8
defined 1-12 to 1-13, 6-15
SANE A-3, A-5to A-6
transported code B-3
trigonometric functions 10-31 to 10-41
trigonometric functions, hyperbolic 10-42 to 10-50
Tr unc function B-1
t runc function 9-11 to 9-12
truncating floating-point to integer 4-3, 9-11 to 9-12
types. See data formats

U

underflow 4-5

assembler 12-11

conversions 5-5, 5-7

gradual 2-7
UNDERFLOWSANE constant A-7
unordered (comparison)

assembler 12-7

defined 6-4
upward rounding 4-3

cei | function 9-6 to 9-7
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example 8-5
UPWARD SANE constant A-7

Vv

values, interpreting 2-4 to 2-11
variable types. See data formats
VAX H format B-2

\W

widening for efficiency 7-3 to 7-4, A-9

_W DEST_NEED EVAL macro D-8

widest-need evaluation 3-5 to 3-6, D-5
compared to minimum evaluation 3-8 to 3-11
examples 3-8 to 3-11

Z

Zero
division by 1-9
double-double format 2-15
-0 as a result 2-10
rounding toward 4-3, 9-11 to 9-12
sign of 2-10 to 2-11
ZERONUMSANE constant A-6

IN-11
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