










































































3.3 MIN AND MAX FUNCTIONS:

I=MaX0 (I11,..
I=MINO (I1,..
X=AMAXO0O (11,.
X=AMINO (I1,.
I=MAX1 (X1,..
I=MIN1 (X1l,..
X=AMAX1 (X1,.
X=AMINl (X1,.
DX=DMAX1 (DX1,
DX=DMIN1l (DX1,

ARGUMENT VALUE
., 1In) Integer Integer*4
«,In) Integer Integer*4
ee s In) Integer Real
«esIn) Integer Real
«sXn) Real ' Integer*4
«,Xn) Real Integer*4
«ssXn) Real Real
« «sXn) Real Real
e +s,DXn) Double Double
«ee,DXn) Double Double

where 2<n<256

Purpose: To find the algebraic minimum or maximum
of a collection of arguments of a given
type and (in some cases) to convert to a
different type. Types of arguments and
values are shown in Table 3-1.
TABLE 3-1 TYPES OF MIN AND MAX ARGUMENTS
VALUE ARGUMENT
—r =~ |
INTEGER REAL DOUBLE
PRECISION
INTEGER*4 MAXO MAX1
MINO MIN1
REAL AMAXO AMAX1
AMINO AMINI1
DOUBLE DMAX1
PRECISION DMIN1
3-14
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Range of arguments:

Accuracy:

Propagation of error:

Error messages:

48-025 FOO ROO

Unrestricted, . except for MAXl and MINI1,
which convert real numbers to integers.
MAX1 and MINl require the chosen value to
be between -2,147,483,648 and
+2,147,483,647.

Absolute.

Any error in the argument chosen as
minimum or maximum is passed through
unchanaged.

If MAX1 or MINl, try to convert a number
too large for the appropriate type to
fixed point, they print ‘OVERFLOW® and
return the largest integer of the
appropriate sign and type.



3.4 TYPE CONVERSIONS

Purpose:

Range of arguments:

Accuracy:

Propagation of error:

Error messages:

Remarks:

To convert a number from one type *to
another. The types of arguments and
values are shown in Table 3-2.

The functions with INTEGER*2 value

require arguments between =-32,768 and
32,767. The functions with INTEGER*4
value require arguments between

-2,147,483,648 and +2,147,483,647.

SNGL truncates the least significant 32
bits of the fraction in a
double-precision number, The functions
which convert floating point to integer
all truncate those bits which represent
values less than one. For large
arguments, FLOAT also truncates some
bits; the result 1is accurate to the least
significant bit in a floating point
number.

A small error in the argument can be
entirely lost or it can result in a large
error in the value, depending on whether
or not it moves the argument £from below
an integer to above that integer. If the
true value of ¥ is 2.93, then INT(X)=2.
If X 1is computed as 2.85 (an error of
.08), then INT(X) is correctly computed
as 2. But if X is computed as 3.01 (also
an error of .08), then INT(X) is computed
as 3.

If the functions with integer values
recelve an argument which 1is too large,
they print "OVERFLOW" and return the
largest integer of the appropriate sign
and type.

The name INT2, INT, REAL, DBLE, and CMPLX
are generic names for FORTRAN VII O and
FORTRAN VII D. This means that INT2,
INT, REAL, DBLE, and CMPLX can take any
of the following types of arguments:

- Integer*2

- Integer*4

- Real*4

- Double Precision (Real*8)
- Complex*8

- Complex*16
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Table 3-2 lists their names, types of arguments, and return
values.
TABLE 3-2 TYPE CONVERSION ROUTINE NAMES, TYPES OF
ARGUMENTS AND VALUES
TYPE OF INPUT
Specific | FORTRAN ARGUMENT TYPE
Generic RTIL, User Optional OoF
Name Name Name Arg 1 Arg 2 FUNCTION
QE@II2 Integer Integerf?=1
INT2 @INT2 Real Integer*2
@@DI2 INT2 Double Integer*2
@RCI2 Complex*8 Integer*2
@RCDI2 Complex*16 Integer*2
INT @@IINT Integer Integer
@INT INT Real Integer
QIFIX Real Integer
@IDINT IFIX Double Integer
@@CINT IDINT Complex*8 Integer
@@cCDI Complex*16 Integer
REAL @REAL REAL Integer Real
@F LOAT FLOAT Integer Real
@@RREA ' Real Real
@SNGL Double Real
@@CREA SNGL Complex*8 "Real
@ECDRE Complex*16 Real
. @DFLOAT Integer "Double
PBLE @DBLE ggigAT Real Double
@@CDBL Double Double
@@DDBL Complex*38 Double
@DREAL Complex*16 Double
CMPLX eercx Integer Integer Complex*8
@CMPLX CMPLX Real Real Complex*8
@@DCX Double Double Complex*8
@eccx Complex*8 Complex*g§ | Complex*8
@@CDCX Complex*16 Complex*16
DCMPLX @eICD Integer Integer Complex*16
@@RCD Real*4 Real*4 Complex*16
@DCMPL DCMPLX Real*8 Real*8 Complex*l6
@@CXCD Complex*8 Complex*l6
@@CDCD Complex*16 Complex*1l6
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CMPLX or DCMPLX takes 2

arguments of

the same type, if +the +type is not
complex. CMPLX or DCMPLX will accept
only 1 argument of the complex type,

in which case CMPLX just returns

argument.

that

A complex number CZ is stored as two real

numbers {(Z1, 22)
SQRT (-1) . The
A2) for Al,
not complex, results in
into 2 real numbers ZzZl, 22
or truncation)

signifying

statement C2Z2 =
A2 of the same type which is
making
(by floating

and setting CZ = (21,

(z1) + (z2) *

COMPLX (A1,
Al, A2

Z22) .
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3.5 MISCELLANEOUS FUNCTIONS

3.5.1 Remaindering

Y=AMOD (X1, X2)
DY =DMOD (DX 1, DX 2)
K=MOD (11, I2)

Purpose:

Range of arguments:

Accuracy:

Propagation of error:

Lrror messages:

ARGUMENT VALUE

Real. Real

Double precision Double precision
Integer Integer*4

To find the remainder  as a result of
dividing the first argument by the
second.

The second argument must not be zero. In
the functions AMOD and DMOD, if the
second argument is very small compared to
the first, then a floating point overflow
can occur.

MOD is precise. AMOD is accurate to
about 1.0E-7 times the value of X2 and
DMOD to about 1.0E-~16 times the value of
DX2. These accuracies can be degraded
when X1/X2 becomes large. When X1/X2 is
greater than 16**6, the returned result
is meaningless.

Absolute error in the first argument of.
AMOD or DMOD is passed through unchanged,

unless it changes the integer part of
X1/X2. In that case, it leads to an
error of the same size as X2. Absolute
error in the second argument is

multiplied by the integer part of X1/X2;

if it also causes a shift in that number,

then an error the size of X2 is
introduced.

Examples:

Let the true value of x be 10.0 and the
true value of y, 91.0. Then amod (y,x)=
1.0 If y 4is computed as 92.1, then
amod(y,x})=2.1; the error is passed along.
If y is computed as 89.9 (same error in
opposite direction), then amod(y,x)=9.9;
a large error is introduced. If y is
computed as 91.0 and x is computed as
10.1, then amod (y,x)=0.1; the error'in x
has been multiplied by y/x. If x is
computed as 10.2, then amod (y,x)=9.4; a
large error is introduced. ,

If the second argument is 0, then an
error message is printed and the value of

the first argument is returned.
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3.5.2 " Manipulation of Complex Numbexs

_ARGUMENT VALUE
Y=AIMAG(C2Z) : Complex*8 Real
R=CABS (C2Z) ' Complex*8 Real
CW=CONJG(CZ) Complex*8 Complex*8
CDWW=DIMAG(CDZZ) Complex*16 Complex*16
CDWW=CDABS (CDZZ) Complex*16 Complex*16
CDWW=DCONJG(CDZ Z) Complex*16 Complex*16
Purpose: The complex number CZ is stored as two
real numbers (z1, z22), signifying

(Z21)+(Z2)SQRT(-1). AIMAG and DIMAG
return Z2. CABS and CDABS return
SQRT((Z1)*(Z21)+(Z22)*(Z22)). CONJG and
DCONJG return (21, =Z22) as its value.

Range of arguments: Unrestricted.

Accuracy: Not applicable except to CABS, which
is accurate to seven decimal places;
and CDABS to sixteen decimal places.

Error messages: CABS and CDABS can cause arithmtic
overflow.
Subroutines called: CABS calls .SQRT

CDABS calls .DSQRT

3.5.3 Absolute Values

ARGUMENT _ VALUF
Y=ABS (X) Real Real
DY=DABES (DX) Double precision Double precision
I=IABS (J) Integer Integer*4
Purpose: To return the absolute value of an

appropriate argument.

Range of arguments: Unrestricted, except IABS return
+2,147,483,647 for full scale negative
number -2, 147, 483, 648,

Accuracy: Not applicable.
Propagation of error: Not applicable.
Error messages: Not applicable.
Subroutines called: None.
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3.5.4 Transfer of Sign

K=ISIGN(I,J)
Z=SIGN(X,Y)
Dz=DSIGN{DX,DY)

Purpose:
Range of arguments:
Accuracy:

Ptopagation of errorxr:

Remark:

Error messages:

Subroutines called:

ARGUMENTS VALUE
Integer Integer*4
Real Real

Double precision Double precision

The second argument sign 1is applied to
the absolute value of the first.

The only restriction is the first
argument must not be 0 if the second
argument is negative.

Does not apply.

Does not apply.

Zero is a positive number for these

routines.

If the first argument is 0 and the second

argument is negative, <then an error
message is printed and 0 is returned.

None.

3.5.5 Positive Difference
ARGUMENT VALUE
K=IDIM{I,J) Integer Integer*4
z=DIM(X,Y) Real Real
DZ=DDIM{(DX,DY) Double precision . Double precision
Purpose: To give the value U0 or the value of the
first argument minus the second,
whichever is greater.
Range of arguments: Unrestricted.
Accuracy: To one bit in the 1least significant
place.
Propagation of error: Not applicable,
Error messages: Not applicable.
Subroutines called: None.
3=-20 48-025 ¥00 ROO



3.5.6

Y=AINT(X)
Y=ANINT(X)
DY=DINT (DX)
DY=DNINT(DX)
J=NINT(X)
J=IDNINT(DX)

Truncation and Rounding

Argument

Real
Real
Double precision
Double precision
Keal
Double precision

Value

Real

Real

Double precision
Double precision
Integer

Integer

Function

Truncation
Rounding
Truncation
Rounding
Rounding
Rounding

To obtain integer values with truncation, use the type conversion
routines IDINT,.INT, or INT2.

remove the
the result

functions
of a number;

" The Truncation
fractional

Purpose:

Range:

Accuracy:

Propagation of exrror:

Exrror

3.5.7

mes sages:

. Double-Precision

DY=DPROD (X1 ,X2)

Purpose:

Range

of Arguments:

Accuracy:

Propagation of error:
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part

is equal to or smaller in absolute value.
The Rounding functions return the nearest

integer value. A fractional part of .5
is rounded up in absolute value; thus,
NINT(l.5)=2 and NINT(=1.5)==2.
Unrestricted for AINT, ANINT, DINT, and
DNINT.

For NINT and IDNINT, the value must be no

greater than 2**31-1 in absolute value.
Not applicable.
Not applicable.

An overflow condition can be incurred

NINT or IDNINT.

Product of Single-Precision Factors
Argument Value

Real Double-precision

The argument’s product is computed
double=~precision number.

as

That of flloating-point multiplication.
No error is introduced.
The relative error in the product is

sum of the relative errors in
factors. :

by

the
the



- - -

- .o -

Error messages:

Multiplicative

overflow or

underflow

results in error messages.

Subroutines called: None.
3.6 INVOLUTION (RAISING TO POWERS)
Program Base Exponent Value
. IXXI Integer Integer Integer*4
« IXXR Integer Real Real
.IXXD Integer Double Precision Double Precision
. IXXC Integer Complex Complex
« IXXCD Integer Complex*16 Complex*16
« RXXI Real Integer Real
. RXXR Real Real Real
« RXXD Real Double Precision Double Precision
. RXXC Real Complex Complex
« RXXCD Real Complex*16 Complex*16
.DXXI Double Precision Integer Double Precision
- DXXR Double Precision Real Double Precision
. DXXD Double Precision Double Precision Double Precision
. DXXC Double Precision Complex Complex*16
. DXXCD Double Precision Complex*16 Complex*1l6
. CXXI Complex Integer Complex
« CXXR Complex Real Complex
.CXXD Complex Double Precision Complex*16
- CXXC Complex Complex Complex
. CXXCD Complex Complex*16 Complex*16
« CDXXI Complex*16 Integer Complex*1é
- CDXXR Complex*16 Real Complex*leé
. CDXXD Complex*16 Double Precision Complex*16
. CDXXC Complex*16 Complex Complex*16
. CDXCD Complex*16 Complex*16 Complex*16
Purpose: To evaluate expressions of the form

Range of arguments:

a**b, (for complex involutions a**b is

defined as the principal value
determined by EXP(b*LOG(a))). All
arithmetic types are permissable as

bases and exponents.
of exponentiation operations on mixed
mode data types is described in the
FORTRAN VII Reference Manual.

The interpretation

These following conditions are not
acceptable: zero base with negative
exponent; negative base with non~integer
exponent.
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Accuracy:

Propagation of error:

Interfaces:

Error conditions:
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.IXXI introduces no error. +RXXI,
« RXXR , and - CXXI are accurate to six
decimal places. .DXXI, .DXXD, and
. CDXXI are accurate to decimal
places.

The relative error includes: the

relative error of the base multiplied by

the

exponent
the exponent multiplied by

logarithm of the base.

Arguments

and

values

are

and the absolute error of
the

natural

passed by

loading them into registers as follows:

Program Base

« IXXI G1l3

« IXXR G1l3
«IXXD Gl3

- IXXC G13
.IXXCD G13

« RXXI Fld

« RXXR Fl4

« RXXD Fl4

.« RXXC Fl4

« RXXCD 'F1l4

« DXXI D14

« DXXR D14

. DXXD D14

. DXXC D14

. DXXCD D14

« CXXI (F12,F14)
« CXXR (F12,F14)
. CXXD (F12,F14)
. CXXC (F12,F14)
.CXXCD (F12,F14)
« CDXXI (D12,D14)
« CDXXR (D12,D14)
.CDXXD (D12,D14)
. CDXXC (D12,D14)
.CDXCD (D12,D14)

Unacceptable combinations
detected and error messages are put

For a zero
exponent,

are
out.

base

Ex ponent Value
Gl2 Gl3
Fl4 Fl4
D14 D14
(F12,F14) (F12,F14)
(D12,D14) (D12,D14)
G1l3 Fl4
Fl2 Fl4
D14 D14
(F10,F12) (F12,F14)
(D12,D14) (bl12,D14)
Gl3 D14
Fl4 D14
D12 D14
(F12,F14) (D12,D14)
(D10,D12) (b12,D14)
G1l3 (Fl12,F14)
F1l0 (F12,F14)
D14 (D12,D14)
(F8,F10) (F12,F14)
(D12,D14) (D12,D14)
G1l3 ({D12,D14)
Fl4 (b12,D14)
D10 (D12,D14)
(F12,F14) (D12,D14)
(b8,D10) (D12,D14)
of arguments

and

negative

the largest positive number is

returned. For negative base and
floating~point exponent, 0.0 is
returned. The routines .IXXI, .RXXR,
and «DXXD can anticipate certain
occurrences of arithmetic underflow or
overflow; «IXXI detects all such
occurrences internally. The routines

other than

.IXXI can suffer

exponential

- - - - - -

- -



Algorithm:

Remarks:

underflows or overflows that cause
arithmetic fault interrupts. In these
cases, the user sees error messages from
both the operating system and the Run
Time Library.

If either a fixed~point overflow or a
floating=point exponential overflow is
detected, the wvalue returned 1is the
largest number of the appropriate sign.
If an exponential underflow is detected,
the value returned is 0.0.

If the exponent is of integer type, the
subroutine repeatedly squares the base
and multiplies together those iterated
squares that correspond to “1° bits in
the binary expression of the exponent.

The routines which receive real
exponents of a single or double
precision use the formula

x**y=exp(y*alog(x)). If the exponent is
0, then the result 1 or 1.0 is
invariably returned, whatever the value
of the base.

These routines are called by the FORTRAN
compiler to evaluate expressions of the
form a**p. User can access these
routines via assembly code.
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APPENDIX 1
ERROR MESSAGES

If a mathematical RTL program detects an error, it calls a
routine .ERR to print out an error message in this form:

ERROR n IN m AT a: d

where: n is the error message number,

m is the name of the RTL function.,

a is the hexadecimal return address in the
user’s program, and

d is either a number or a diagnostic message.

The messages are listed by number in the error messages 1list in
this appendix. The following comments are intended to help
interpret the messages and correct their causes.

Messages Pertaining to the Argument List

When a mathematical RTL program is called by giving it an
argument list with argument checking turned on, a series of
messages can be put out as a result of errors in the list.

Please refer to FORTRAN VII Run Time Library Introduction and
Overview, Publication Number 29-578 for argument checking.

The error messages may be one of the following:

1. ILLEGAL CALL (72).
A function has been called as a subroutine, e.g.

CALL SQRT {eeos)e

The solution is to revise the +text of <the source
program or, 1if +the user means to call an external
subroutine of that name, to ensure that it is brought

in at linkage time.

2. INCORRECT TYPE OF VALUE OF FUNCTION (73).
A function supplied in the RTL has been called as an
external function and the user program has specified a
value type that is incorrect. Example:

IMPLICIT INTEGER (A=-H)
EXTERNAL COS
A=COS (X)

Check implicit and explicit +types or include a
user=written program of the appropriate name.
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APPENDIX 1 (Continued)

3. ARGUMENT OF INCORRECT CLASS (75).
An argument has Dbeen classified as an array or
external function and not a number. Check for the
presence or absence of a DIMENSION statement, a
misnamed argument, or an incorrect EXTERNAL statement.

4. AN ARGUMENT OF INCORRECT TYPE (45).
The argument supplied is of the wrong ¢type for this
function. Check implicit and explicit type statements
and types of expressions passed as arguments.

S INCORRECT NUMBER OF ARGUMENTS (76).
Check argument lists in source program and for the
presence or absence of commas.

Arguments Outside Acceptable Ranges

These messages can occur whether or not a program is called with
arguments in registers or by giving it a list.

1. ARGUMENT TOO LARGE (49)

REAL PART TOO LARGE (52)
IMAGINARY PART TOO LARGE (55)

The absolute value of the number is too large if the number is

positive or negative. Check the numerical stability of the
computation being performed. Check if variables have been
initialized. Consider Dbuilding error=checking logic into the
programe.

2. ARGUMENT OUT OF RANGE: POSITIVE (50)
ARGUMENT OUT OF RANGE: NEGATIVE (51)
REAL PART OUT OF RANGE: POSITIVE (53)
REAL PART OUT OF RANGE: NEGATIVE (54)
IMAGINARY PART OUT OF RANGE: POSITIVE (56)
IMAGINARY PART OUT OF RANGE: NEGATIVE (57)

The number is greater than its maximum permissible value or less
than its minimum permissible value. Remedies are as in #1l.

3. OVERFLOW ON CONVERSION (58)
The absolute value of a floating-point number was too large to be

converted to an integer. Besides the messages listed in 1 above,
consider if this conversion is really appropriate.
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APPENDIX 1 (Continued)

4. ZERO ARGUMENT (46)

NEGATIVE ARGUMENT (47)
ARGUMENTS (0,0) (48)

ZERO DIVISOR (62)

ARGUMENTS (ZERO, NEGATIVE) (63)

These cases must be averted by building appropriate logic into
the source code. Numerical instability should be closely
checked; the difference of two numbers may be quite inaccurate.

5. NEGATIVE EXPONENT (64)
NEGATIVE BASE (74)

ZERO BASE, NEGATIVE EXPONENT (65)

These are conditions that can arise in computing powers. Check
the wvalidity of the computations which determined the base and
exponent; consider building in logic to avoid these erroneous
conditions.

6. EXPONENTIAL OVERFLOW (60)
EXPONENTIAL UNDERFLOW (61)

These are conditions that can arise when the computation of a
number raised +to a power . has led ¢to arithmetic faults. To
safeguard against these conditions, build logic into the program
to handle extreme values of either base or exponent.
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APPENDIX 1 (Continued)

RTL PROGRAM ERROR MESSAGES

ERROR MESSAGES THAT MAY BE INVOKED FROM MATHEMATICAL RTL
PROGRAMS.

NUMBER DIAGNOSTIC MESSAGE
45 AN ARGUMENT OF INCORRECT TYPE
46 ZERO ARGUMENT
47 NEGATIVE ARGUMENT
48 ARGUMENTS (0,0)
49 ARGUMENT TOO LARGE
50 ARGUMENT OUT OF RANGE : POSITIVE
51 ARGUMENT OUT OF RANGE : NEGATIVE
52 REAL PART TOO LARGE
53 KEAL PART OUT OF RANGE : POSITIVE
54 REAL PART OUT OF RANGE : NEGATIVE
55 IMAGINARY PART TOO LARGE
56 IMAGINARY PART OUT OF RANGE : éOSITIVE
57 IMAGINARY PART OUT OR RANGE : NEGATIVE
58 OVERFLOW ON CONVERSION
59 VALUE OF SIZE IS ILLEGAL
60 EXPONENTIAL OVERFLOW
61 EXPONENTIAL UNDERFLOW
62 ZERO DIVISOR
63 ARGUMENTS (ZERO, NEGATIVE)
64 NEGATIVE EXPONENT
65 ZERO BASE, NEGATIVE EXPONENT
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APPENDIX 1 (Continued)

RTL PROGRAM ERROR MESSAGES (Continued)

NUMBER DIAGNOSTIC MESSAGE
66 NEGATIVE INDEX
67 SIZE TOO LARGE
68 SIZE NOT POSITIVE
69 ILLEGAL FUNCTION CODE
70 ILLEGAL TRAP CODE
71 ILLEGAL LEVEL OF TRAPPING
72 ILLEGAL CALL
73 INCORRECT TYPE OF VALUE OF FUNCTION
74 NEGATIVE BASE
75 ARGUMENT OF INCORRECT CLASS
76 INCORRECT NUMBER OF ARGUMENTS
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APPENDIX 2

ALPHABETICAL LIST OF SUBPROGRAMS
DOCUMENTED IN THIS MANUAL

Math Paragraph _Math Paragraph
Function Reference Function Reference
@ABS 3.5.3 @DFLOAT 3.4
@ACOS 3.2.5 @DIM 3.5.5
@AIMAG 3.5.2 @D IMAG 3.5.2
@AINT 3.5.6 @DINT 3.5.6
@ALOG 3.2.4 @DLOG 3.2.4
@ALOGL 3.2.4 @DLOG1 3.2.4
@AMAXO0 3.3 @DMAX1 3.3
@AMAX1 3.3 @DMIN1 3.3
@AMINO 3.3 @DMOD 3.5.1
@AMIN1 3.3 @DNINT 3.5.6
@ANINT 3.5.6 @DPROD 3.5.7
@ASIN 3.2.5 @DREAL ’3.4
@ATAN 3.2.5 €DSIGN 3.5.4
@ATAN 2 3.2.4 €DSIN 3.2.3
@DSINH 3.2.6
@DSQRT 3.2.1, 3.2.5
@CABS 3.2.4 @DTAN 3.2.3
@ccos 3.2.3 @DTANH 3.2.6
@CDABS 3.5.2
@CDCOS 3.2.3 REXP 3.2.2., 3.2.6
@CDEXP 3.2.2 @FLOAT . 3.4
@CDLOG 3.2.4 @IABS 3.5.3
@CDSIN 3.2.3 @IDIM 3.5.5
@CDSQR 3.2.1 @IDINT 3.4
@CEXP 3.2.2 @IDNIN 3.5.6
@CLOG 3.2.4 GIFIX 3.4
@CMPLX 3.4 @INT 3.4
@CONJG 3.5.2 @INT2 3.4
@COSH 3.2.3
@CSIN 3.2.3 @MAXO0 3.3
@CSQRT 3.2.1 @MAX1 3.3
: @MINO 3.3
@MIN1 3.3
@DABS 3.5.3 @MOD 3.5.1
@DACOS 3.2.5 @N INT 3.5.6
@DASIN 3.2.5
@DATAN 3.2.5 @REAL 3.4
@DATN 2 3.2.5 @SIGN 3.5.4
@DBLE 3.4 @S IN 3.2.2, 3.2.3
@DCMPL 3.4 @SINH 3.2.3, 3.2.6
@DCONJG 3.5.2 @SNGL 3.4
@DCos 3.2.3 @SQRT 3.2.1, 3.2.5, 3.5.2
@DCOSH 3.2.6 :
@DDIM 3.5.5 @TAN 3.2.3
@DEXP 3.2.6 @TANH 3.2.6
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Math Paragraph Math Paragraph
Function Reference Function Reference
@eccx 3.4 «DACOS 3.2.5
@@CDBL 3.4 .DASIN 3.2.5
@ecpcop 3.4 . DATAN 3.2.5
@eCDpCX 3.4 « DATN 2 3.2.5
@@ecpI 3.4 .DCOS 3.2.3
@@cDI2 3.4 . DCOSH 3.2.6
@@CDRE 3.4 - DEXP 3.2.6
@eCI?2 3.4 «DINT 3.5.6
@ECINT 3.4 . DLOG 3.2.4
@@CREA 3.4 .DLOG1 3.2.4
@ecxcp 3.4 « DNINT 3.5.6
@@ICD 3.4 .DSIN 3.2.3
@@RCD 3.4 -.DSINH 3.2.6

- DSQRT 3.2.1, 3.2.5
«ACOS 3.2.5 « DTAN 3.2.3
«AINT 3.5.6 - DTANH 3.2.6
- ALOG 3.2.4 « DXXC 3.6
. ALOG1 3.2.4 « DXXCD 3.6
« ANINT 3.5.6 « DXXD 3.6
<ASIN 3.2.5 «DXXI 3.6
-ATAN 3.2.5 « DXXR 3.6
«ATAN2 3.2.4

. EXP 3.2.2, 3.2.6
.CABS 3.2.4
. CCOs 3.2.3 +.HYDEX 3.2.6
.CDABS 3.2.4 -HYEXP 3.2.6
.CDCOS 3.2.3 :
.CDDIV 3.7 . IXXC 3.6
. CDEXP 3.2.2 «IXXCD 3.6
.CDLOG 3.2.4 « IXXI 3.6
. CDMPY 3.7 « IXXD 3.6
. CDSIN 3.2.3 . IXXR 3.6
« CDSQRT 3.2.1
. CDXXC 3.6 « RXXC 3.6
. CDXXCD 3.6 « RXXCD 3.6
. CDXXD 3.6 . RXXI 3.6
. CDXXI 3.6 «RXXD 3.6
« CDXXR 3.6
. CEXP 3.2.2 +SIN 3.2.2, 3.2.3
.CLOG 3.2.4 .SINH 3.2.3, 3.2.6
.COs 3.2.2, 3.2.3 «SQRT 3.2.1, 3.2.5, 3.5.2
.COSH 3.2.3, 3.2.6
.CSIN 3.2.3 . TAN 3.2.3
«CSQRT 3.2.1 - TANH 3.2.6
.CXD1IV 3.7
« CXMPY 3.7
. CXXC 3.6
« CXXCD 3.6
« CXXD 3.6
« CXXR 3.6
« CXXI 3.7
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APPENDIX 2 (Continued)

Math Paragraph Math Paragraph
Function Reference Function Re ference
ABS 3.5.3 DIMAG 3.5.2
ACOS 3.2.5 DINT 3.5.6
A IMAG 3.5.2 DLOG 3.2.4
AINT 3.5.6 DLOGLO 3.2.4
ALOG 3.2.4 DMAX 1 3.3
ALOGLO 3.2.4 DMIN1 3.3
AMAXO 3.3 DMOD 3.5.1
AMAX 1 3.3 DNINT 3.5.6
AMINO 3.3 DPROD 3.5.7
AMINL 3.3 DREAL 3.4
AMOD 3.5.1 DSIGN 3.5.4
ANINT 3.5.6 DSIN 3.2.3
ASIN 3.2.5 DS INH 3.2.6
ATAN 3.2.5 DSQRT 3.2.1
ATAN2 3.2.5 D TAN 3.2.3
D TANH 3.2.6
CABS 3.5.1 EXP 3.2.2
ccos 3.2.3 :
CDABS 3.5.2 FLOAT 3.4
CDCOS 3.2.3
CDEXP 3.2.2 IABS 3.5.3
CDLOG 3.2.4 IDIM 3.5.5
CDSIN 3.2.3 IDINT 3.4
CDSQRT 3.2.1 IDNINT 3.5.6
CEXP 3.2.2 ig;x gwj
cLos 3.2.4 INT2 3:4
CMP IX 3.4
CONJG 3.5, 2 ISIGN 3.5.4
cos 3.2.3 MAXO0 3.3
COSH 3.2.6
CSIN 3.2.3 ﬁ?ﬁé g:g
CSQRT 3.2.1 MIN 3.3
DABS 3.5.3 MOD 3.5.1
D
DASIN  3.5.% 3.5.6
DATAN 3.2.5
DATANZ 3.2.5 REAL 3.4
DBLE 3.4
DCMPLX 3.4 S IGN 3.5.4
DCONJG 3.5.2 SIN 3.2.3
DCOS 3.2.3 S INH 3.2.6
DCO SH 3.2.6 SNGL 3.4
DDIM 3.5.5 SQRT 3.2.1
D EXP 3.2.2
DFLOAT 3.4 7 AN 3.2.3
DIM 3.5.5 T ANH 3.2.6
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131
262
524

0448
097
194
388

e S

16 777
33 554
67 108
134 217

268 435
536 870
1 073 1741
2 147 483

4 294 967
3 589 934
17 179 869
34 359 738

68 719 476
137 438 953
274 877 906
549 755 N13

1 099 511 627
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256
512
024
048

216
432
364
728

456
912
824
643

296
592
154
368

736
472
944
BBl

76

A S

R B =R

10
11

12
13
14

15

16
17
18
19

20

36
37
33
39

40

APPENDIX 3.

ARITHHETIC TABLES

TABLE OF POWERS OF TWO

2-n

1,0
0.5
0.25 -
0.125

[

0.062
0. 031
0.015
0,007

0. 003
0. 001
0.000
0. 000

0. 000
0. 000
0. 000
0. 000

0. 000
0. 000
0. 000
0. 000

0. 000
0.000
0. 000
0.000

0. 000
0.000
0. 000
0. 000

0. 000
0. 000
0. 000
0. 000

0.000
0. 000
0. 000
0,000

0. 000

5
25
625
812

906
953
976
455

244
122
061
0330

015
007
003
001

000
000
000
000

000
000

000

000

000
000
000
000

000
000
000
000

000
000
000
000

000

<

25

125
562
281

140
070
035
517

258
629
514
907

953
476
238
119

059
029
014
007

003
001
000
000

000
000
000
000

000
000
000
000

000

«

25

625
312
156
578

759
394
697
348

674

837 .

418
209

604
502
901
450

725
N62
931
465

232
116
058
029

014
007
003
001

000

- O
~ o
<

062
531

265’

632

316
158
579
289

644
322
161
550

290
645
322
661

406
203
101
550

775
387
193
596

208
149
574
287

643
321
66O
530
915
957

97N
989

494

366
153
091
545

772

S>3 (VaN ¢1)
<

o
Ll
N e

=
(=
<

453
226
613

506
903
951
475

Il ] <
[N
o

v O
L
Ll )

(G40
320
660
530

915

o
31

625
312
156
073

039

A3-1



APPENDIX 3 (Continued)

HEXADECIMAL ADDITION TABLL

AJ-2

1 2 s al s 6] 7 |« c| o[ e ]r
i |2 3 4 5 6 7 < | 9 [ A E | F [10 |1
2 |3 | 4 s| 6| 7 s ]9 [ a |B |C b | E| F |10 |11 | 2
3 4| s 6 71 s ol a]lB |c |D E F 110 |11 |12 | 3
4 |5 | ¢ 7 | = A|lB |c |D |E ¥ |10 | 11 |12 |13 | 4
5 |6 | 7 st ol al B lc | | ]r (1012|1213 |1a]s5s
6 |7 | = ol al ] clpo e [ r [10 11 {1213 [14a [15]c6
7 [« | 9 Al B cl| n |1 ¥ |10 |11 |12 | 13 |14 [15 [16 | 7
s |9 | a B| c| b | I Fl1o T Tz T [1wa {15 |16 [17 | 5
9 | A | B c| o | | r [10 |11 [12 |15 14 [ 15 [ 16 |17 |15 | 9
AlB| c bl e | r 1o {11 12 [ws |11 [15 16 {17 [1s [19 [ A
B|cCc| b E| r | 10 | 11 |12 |13 |14 |15 |16 | 17 | 15 |19 |1a | B
C D I 1 10 11 12 13 14 15 16 17 1N 19 1A 1B C
D || ¥ [ 101 [ 2]y [1a {15 [16 J17 [1% {19 [1a]1B[1Cc | D
Elr | 10 11 |12 |1a {15 [16 |17 {15 |19 [ 1a B ]|1c 1D | &
Flio] 11| 12 [ 13 [ 1a |15 {16 [17 [1s Jwo [1a [ |1c | [1e]| F
1 2 3 4 5 G 7 =N 9 A B C D E F
HEXADECII!IIAL NMULTIPLICATION TABLE
1 2 3 4 5 6 7 ~ 4] A B C D Is I
S ERE 3 4 5 6 7 < 1 9| a B c | o F |1
2 2 6 S A C 1 10 12 14 16 1= 1A 1C 1K 2z
3 3 6 9 C I 12 15 1 1B 1E 21 24 27 2A 2D a
4 4 b C 10 14 1 1C 20 24 2% 2C 30 34 3% 3C 4
5 |5 | A F |14 |19 | 1E | 23 | 2x | 2n | u2 77 | 3C | 41 |46 |4B |5
6 6 C 12 18 11 24 2A 30 36 3C 42 45 4L 54 5A [§
7 17 | £ |15 J11c |23 | 2a | 51 | a3 | s¢ | a6 | 4D | 54 | aB |62 |69 |7
b hi 10 18 20 2% 30 $h 40 45 50 Eh 60 [(h 70 7 5
9 9 12 1B 24 2D 36 3 1 48 ol 5A 63 6C 75 g 87 9
A _ A 14 1k 28 32 Ho 406 50 ENY 64 GE ] N2 sC 96 A
B B 16 21 :C a7 12 41D 5% (6] GE 74 N4 S OA Ad 3
C C 1s 24 30 5C 43 54 [§1] 6C 7S N4 90 9C AS B4 C
D D 1A 27 34 11 4E 5B [ 75 82 SEF 9C A9 B6 C3 D
K L 1C 2A e} 40 54 62 70 Tl SC 9A AN B6 Cd D2 14
¥ I 1E 2D 3C 4B 5A 69 s ~T 96 A5 B4 C3 D2 K1 I
1 2 3 P s G 7 ~ | 9| a B| c| D |E |F
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APPENDIX 3 (Continued)

TABLE OF POWERS OF SIXTEEN

16" n

1 0

16 1

256 2

4 096 3

65 536 4

1 048 576 5

16 777 216 6

264 435 456 7

4 294 967 296 %

64 719 476 736 9
1 099 511 627 776 10
17 592 1%6 044 416 11
281 474 976 710 656 12
4 5013 599 627 370 496 13
72 057 504 037 927 936 14
1 152 921 504 606 %46 976 15

~~

Decimal Values

HEXADECIMAL TO DECIMAL CONVERSION TABLE

BYTE BYTE
HEX DEC HEX DEC HEX | DEC HEX DEC
0 0 0 0 0 0 0 0
1 4,096 1 256 1 16 1 1
2 8,192 2 512 2 32 2 2
3 12,248 3 768 3 43 3 3
4 16,384 4 1,024 4 64 4 4
5 20,430 5 1,230 5 S0 5 5
6 24,576 6 1,536 6 96 6 6
7 28,672 7 1,792 7 112 7 7
3 32, 76% s 2, 048 3 124 3 s
9 36,864 9 2,304 9 144 9 9
A 40,960 A 2, 560 A 160 A 10
B 45,056 B 2,816 B 176 B 11
c 49,152 c 3, 072 ¢ 192 c 12
D 53, 248 D 3,328 D 208 D 13
E 57,344 E 3, 534 B 224 E 14
F 61,440 F 3, 840 ¥ 240 F 15

48-025 FOO ROO
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APPENDIX 3

({Continued)

TABLE OF MATHEMATICAL CONSTANTS

Constant Decimal Value Hexadecimal
Value
™ 3.14159 26535 9793 3.2431 GAS9
-l 0, 31530 98861 83790 0.517C CciB7
Vo 1.77245 aAR509 05516 1.C5BF 891C
ILnnm 1.14472 BERER 49400 1,250D 048 F
e 2.71428 18284 59045 2.B7E1 5163
el 0.36787 94411 71442 0.53E2D  58D9
Ve 1.64872 12707 0012% 1.A612 IS E2
lo;.),'l 0¢ 0.43429 145819 03252 0.6I°2D  LEC5S5
logoe 1.44269 50408 N¥8963 1.7154 7653
Y 0.57721 56649 01533 0.93C4 67E4
Ln 7y -0.54953 03129 81645 -0.8CAE 9BC1
V2 1.41421 35623 73095 1.6A09 668
Ln2 0,69314 71505 59945 0.B172 17F
log1 02 0.30102 99956 - (63981 0.4D10 4D42
V10~ 3.16227 76601 65379 3.2941 075C
Lnlo0 2,30258 50929 94046 2.4D76 3777
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APPENDIX 3 (Continued)

ASCLL CARD CODE COMVERS LON TARBLE

7-BIT 7-BIT
ASCII CARD ASCII CARD
GRAPHIC CODE CCODE GRAPHIC CODE CODE
SPACE 20 BLANK @ 40 8-4
! 21 11-8-2 A 41 12-1
" 22 8-7 B 42 12-2
# 23 8-3 o) 43 12-3
$ 24 11-8-3 D 44 12-4
% 25 0-8-4 E 45 12-5
& 26 12 F 46 12-6
' 27 8-5 G 47 12-7
( 28 12-8-5 H 48 12-8
) 29 11-8-5 I 49 12-9
* 2A 11-8-4 J 4A 11-1
+ 2B 12-8-6 K 4B 11-2
, 2C 0-8-3 L 4C 11-3
- 2D 11 M 4D 11-4
. 2E 12-8-3 N 4E 11-5
/ 2F 0-1 0 4F 11-6
0 30 0 P 50 11-7
1 31 1 Q 51 11-8
2 32 2 R 52 11-9
3 33 3 S 53 0-2
4 34 4 T 54 0-3
5 35 5 U 55 0-4
6 36 6 \Y 56 0-5
7 37 7 4 57 0-6
8 38 8 X 58 0-17
9 39 9 Y 59 0-8
: 3A 8-2 V/ 5A 0-9
; 3B 11-8-6 [ 5B 12-8-2
< 3C 12-8-4 N 5C 0-8-2
= 3D 8-6 ] 5D 12-8-7
> 3E 0-8-6 4 5E 11-8-7
2 3F 0-8-7 - 5F 0-8-5
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Absolute
Absolute
Absolute
Accuracy

INDEX

Error, 2"].: 3"21 3"'31 3"'51 3-71

Value, 2-]., 3_2[ 3_5[ 3-7, 3_9, 3'-

value Function, 1-2, 3-19
of Function Subprograms, 2-1

Accuracy, Related Terms, 2-1
ANSI standard X3J3, 1-1

Argument

, Complex, 3-3, 3-5, 3-7, 3-24

Arithmetic, Floating=-Point, 2-1

Complex Argument, 3-3, 3-5, 3-7, 3-24
Complex Arithmetic Function, 1-1, 1-2, 2-2,
Complex Functions, 2-2, 3-4, 3-=7

Complex Number, 3-1, 3-3, 3-5, 3~-19, 3-20,
Complex Numbers, Manipulation of, 1-2, 3-19
Complex Routines, 2-3/2-4

Computation, Floating=Point, 2-1
Conversions, Type, 2-2, 3-16, 3-21
Description of Function Subprograms, 3-1

3-9, 3-11

lll 3—20[

3=-24

3-24

Double~Precision Product of Single~Precision
Factors Function, 1-2, 3-21

Elementary Functions
Exponential Function, 3-3, 3-4
Hyperbolic Function, 3-11, 3-12, 3-13 ,
Inverse Trigonometric Function, 3-8, 3-9, 3-10, 3-11
logarithm Function, 3-7, 3-8
Square Root Function, 3-=1, 3-2
Trigonometric Function, 3-4, 3-5, 3-6

Error

Absolute Error, 2-1, 3-2, 3-3, 3-5,

Rela
Error Me

tive Error, 2-1, 3-2, 3-5, 3-7,
ssages, Generation of, 2-3/2-4

Error Propagation, 2-1

Exponent
Exponent
External

ial, 1-1, 2-2
ial Function, 3-3, 3-4
Versions of Functions, 2-3/2-4

Floating=Point Arithmetic, 2-1
Floating-Point Computations, 2-1

48-025 FO0O ROO
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3-21

: 3=9, 3-11

3_9’ 3—111 3-201
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INDEX (Continued)

Function

Absolute Value Function, 1-2, 3-19

Complex Arithmetic Function, 1-1, 3-24

Double-Precision Product of Single-Precision
Factors Function, 1-2, 3-21

Exponential Function, 3-3, 3-4

External Versions of Functions, 2-3/2-4

Hyperbolic Functions, 3-11, 3-12, 3-13

Internal Versions of Functions, 2-3/2-4

Inverse Trigonometric Functions, 3-8, 3-9, 3-10, 3-11

Logarithm Function, 3-7, 3-8

Manipulation of Complex Number Function, 1-2, 3-19

Min and Max Functions, 1-2, 3-14, 3-15

Positive Difference Function, 1-2, 3-20

Remaindering Function, 1-2, 3-18

Single Precision Function, 2-1

Square Root Function, 3-1, 3-2

Trigonometric Function, 3-4, 3-5, 3-6

Truncation and Rounding Function, 1-2, 3-21

Generation of Error Messages, 2-3/2-4

Hyperbolic, 2-2
Hyperbolic Function, 3-11, 3-12, 3-13

Imaginary Part, 3-3, 3-5, 3-7, 3-24

Internal Versions of Functions, 2-3/2-4

Intrinsic Function, 2-3/2-4

Intrinsic Version, 2-3/2-4, 3-1

Inverse Trigonometric Functions, 3-8, 3-9, 3-10, 3-11
Involution (Raising to Powers), 3-22

Logarithm Function, 3-7, 3-8

Manipulation of Complex Number Function, 1-2, 3-19
Min and Max Functions, 1-2, 3-14
Miscellaneous Functions
Absolute Value Function, 1-2, 3-19
Double~-Precision Product of 3ingle-=Precision
Factors Function, 1-20, 3-21
Manipulation of Complex Number Function, 1-2, 3-19
Positive Difference Function, 1-2, 3-20
Remaindering Function, 1-2, 3-18
Transfer of Sign Function, 1-2, 3-20
Truncation and Rounding Function, 1-2, 3-21

Number, Complex, 3-1, 3-3, 3-5, 3-19, 3-24

Overflow, 2-3/2-4, 3-4, 3-15, 3-18, 3-19, 3-21, 3-22, 3-23, 3-24
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INDEX {(Continued)

Positive Difference Function, 1-2, 3-20

Raising to Powers (Involution), 3-22

Range Restrictions of Subprograms in the RTL, 2-2, 2-3
Real Part, 3-3, 3=-5

Relative Accuracy, 2-1

Relative Error, 2-1, 3-2, 3-3, 3-9, 3-11, 3-21
Remaindering Function, 1-2, 3-18 ‘
Routines, Complex, 2-3/2-4

Single-Precision Functions, 2-1
Square Root Function, 3-1, 3-2
Subprograms
Accuracy of Function Subprograms, 2-1
Description of Function Subprograms, 3-1
Range Restrictions of Subprograms in the RTL, 2-2, 2-3
Transfer of Sign Function, 1-2, 3-20
Type Conversion Subprogram, 1-2

Terms Related to Accuracy, 2-1

Transfer of Sign Function, 1-2, 3-20
Trigonometric Function, 3-4, 3-5, 3-6
Truncation and Rounding Functions, 1-2, 3-21
Type Conversion Subprogram, 1-2, 2-2

Type Conversions, 2-2, 3-16, 3-21

Underflow, 2-3/2-4, 3-23, 3-24

Value, Absolute, 2-1, 3-2, 3-5, 3-7, 3-9, 3-11, 3-20, 3-21
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