






GTODA 

Description 
The GTODA subroutine converts an array of double-precision, G-floating­
point values to an array of double-precision, D-floating-point values. It is 
called as: 

GTODA (x,y,i) 
x = input array 
y = array used for result 
i = number of elem.ents to convert 

Routines Called 
GTODA calls the MTHERR routine. 

Type of Arguments 
GTODA is a subroutine that is called with three arguments. The first and 
second arguments must be double-precision arrays. The third argument must 
be an integer value representing the number of elements to be converted. The 
first array (x) contains the input values; the second array (y) will contain the 
results. The input values must be double-precision, G-floating-point values; 
they can be any such values. 

Type of Result 
The result returned is an array of double-precision, D-floating-point values; 
they may be any such values. They are returned in the second array (y) 
supplied in the call. 

Accuracy of Result 
The result is exact for each value converted. 

Algorithm Used 
GTODA(x) is calculated as follows. 

Using the number specified in the third argument, GTODA converts each 
double-precision, G-floating-point value to a double-precision, D-floating­
point value and sets the low-order three bits to O. Each converted value is 
stored in the second array. 

Error Conditions 

1. For each resulting exponent that is too small to be represented as a 
double-precision, D-floating-point number, the following message is is­
sued and the result is set to 0.0. 

GTODA: Result underflow 

2. For each resultIng exponent that is too large to be represented as a double­
precision, D-floating-point number, the following message is issued and 
the result is set to +machine infinity. 

GTODA: Result overflow 
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GFL.n 

Description 
The GFL.n· routine converts its integer argument to a double-precision, 
G-floating-point value. n is an even octal number from 0 through 14 that 
designates a register (AC). 

Routines Called 
None 

Calling Sequence 
GFL.n is not called like most of the routines in the library (see Section 1.4.1). 
It is called by: 

EXTEND n, GFL.n 

Type of Argument 
The argument must be an integer value; it can be any such value. It must be 
stored in the AC specified in the routine name. 

Type of Result 
The result returned is a double-precision, G-floating-point value less than 2:ll). 
It is returned in the AC specified in the routine name. 

Accur:::y of Result 
The result is exact. 

Algorithm Used 
GFL.n(n) is calculated by moving the value of the argument to the locations 
used by a double-precision result (see Chapter 1). 

Error Conditions 
None 
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GOB.n· 

Description 
The GDB.n routine converts its single-precision, floating-point argument to a 
double-precision, G-floating-point value. n is an even octal number from 0 
through 14 that designates a register (AC). 

Routines Called 
None 

Calling Sequence 
GDB.n is not called like most of the routines in the library (see Section 1.4.1). 
It is called by: 

EXTEND n, GDB.n 

Type of Argument 
The argument must be a single-precision, floating-point value; it can be any 
such value. It must be stored in the AC specified in the routine name. 

Type of Result 
The result returned is a double-precision, G-floating-point value; it may be 
any such value. It is returned in the AC specified in the routine name. 

Accuracy of Result 
The result is exact. 

Algorithm Used 
GDB.n(x) is calculated as follows. 

The routine uses the GDBLE machine instruction to convert the argument 
and move it to the locations used for double-precision results. 

Error Conditions 
None 
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DTOG 

Description 
The DTOG routine converts its double-precision, D-floating-point argument 
to a double-precision, G-floating-point value. 

Routines Called 
None 

Type of Argument 
The argument must be a double-precision, D-floating-point value; it can be 
any such value. 

Type of Result 
The result returned is a double-precision, G-floating-point value; it may be 
any such value. 

Accuracy of Result 
The result is rounded with an error bound of half a least significant bit. 

Algorithm Used 
DTOG(x) is calculated by converting the double-precision, D-floating-point 
value to a double-precision, G-floating-point value and rounding the con­
verted value. 

Error Conditions 
None 
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DTOGA 

Description 
The DTOGA subroutine converts an array of double-precision, D-floating­
point values to an array of double-precision, G-floating-point values. It is 
called as: 

DTOGA(x,y,i) 
x = input array 
y = array used for result 
i = number of elements to convert 

Routines Called 
None 

Type of Arguments 
DTOGA is a subroutine that is called with three arguments. The first and 
second arguments must be double-precision arrays. The third argument must 
be an integer value representing the number of elements to be converted. The 
first array (x) contains the input values; the second array (y) will contain the 
result. The input values must be double-precision, D.floating-point values; 
they can be any such values. 

Type of Result 
The result returned is an array of double-precision, G-floating-point values; 
they may be any such values. They are returned in the second array (y) 
supplied in the call. 

Accuracy of Result 
Each element of the result is rounded with an error bound of half a least 
significant bit. 

Algorithm Used 
DTOGA(x) is calculated as follows. 

Using the number specified in the third argument, DTOGA converts each 
double-precision, D-floating-point value to a double-precision, G-floating­
point value and rounds the converted value. Each converted value is 
stored in the second array. 

Error Conditions 
None 
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CMPL.I 

Description 
The CMPL.I routine converts its two integer arguments into a complex, 
single-precision, floating-point value. 

Routines Called 
None 

Type of Arguments 
Both arguments must be integer values; they can be any such values. 

Type of Result 
The result returned is a complex, single-precision, floating-point value; it may 
be any such value. 

Accuracy of Result 
The result is rounded with an error bound of half a least significant bit for 
each part (real and imaginary). 

Algorithm Used 
CMPL.I(n,m) is calculated as follows. 

The two arguments are converted to single-precision, floating-point values 
using the FLTR machine instructions. These values are then moved to the 
locations where the result is stored as a complex value (see Chapter 1). 
The first argument is used as the real part of the complex number and the 
second argument as the imaginary part. 

Error Conditions 
None 
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CMPLX 

Description 
The CMPLX routine converts two single-precision arguments into one com­
plex single-precision, floating-point value. 

Routines Called 
None 

Type of Arguments 
Both arguments must be single-precision, floating-point values; they can be 
any such values. 

Type of Result 
The result returned is a complex, single-precision, floating-point value; it may 
be any such value. 

Accuracy of Result 
The result is exact. 

Algorithm Used 
CMPLX(x,y) is calculated by moving the arguments to the locations used for 
a complex result (see Chapter 1). The first argument is used as the real part of 
the complex number and the second argument as the imaginary part. 

Error Conditions 
None 
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CMPL.D 

Description 
The CMPL.D routine converts its two double-precision, D-floating-point ar­
guments into a complex, single-precision, floating-point value. 

Routines Called 
None 

Type of Arguments 
The arguments must be double-precision, D-floating-point values; they can 
be any such values. 

Type of Result 
The result returned is a complex, single-precision, floating-point value; it may 
be any such value. 

Accuracy of Result 
The result is accurate to half a least significant bit for each part because of 
rounding. 

Algorithm Used 
CMPL.D(x,y) is calculated by converting the arguments to single-precision 
and then moving them to the locations used for the real and imaginary parts 
of the complex result (see Chapter 1). The first argument is used as the real 
part of the complex number and the second argument as the imaginary part. 

Error Conditions 
If overflow occurs on the conversions, the result is set to machine infinity for 
either or both of the parts of the result. 
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CMPL.G 

Description 
The CMPL.G routine converts its two double-precision, G-floating-point ar­
guments into a complex, single-precision, floating-point value. 

Routines Called 
None 

Type of Arguments 
The arguments must be double-precision, G-floating-point values; they can 
be any such values. 

Type of Result 
The result returned is a complex, single-precision, floating-point value; it may 
be any such value. 

Accuracy of Result 
The result is accurate to half a least significant bit for each part because of 
rounding. 

Algorithm Used 
CMPL.G(x,y) is calculated by converting the arguments to single-precision 
and then moving them to the locations used for the real and imaginary parts 
of the complex result (see Chapter 1). The first argument is used as the real 
part of the complex number and the second argument as the imaginary part. 

Error Conditions 

1. If overflow occurs on the conversions, the result is set to machine infinity 
for either or both of the parts of the result. 

2. If underflow occurs on the conversions, the result is set to 0.0 for either or 
both parts of the result. 
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CMPL.C 

Description 
The CMPL.C routine creates a complex, single-precision, floating-point value 
from the real parts of two complex, single-precision, floating-point values. 

Routines Called 
None 

Type of Arguments 
The arguments must be complex, single-precision, floating-point values; they 
can be any such values. 

Type of Result 
The result returned is a complex, single-precision, floating-point value; it may 
be any such value. 

Accuracy of Result 
The result is exact. 

Algorithm Used 
CMPL.C(z,g) is calculated by moving the arguments to the locations used for 
a complex result (see Chapter 1). The first argument is used as the real part of 
the complex number and the second argument as the imaginary part. 

Error Conditions 
None 
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Chapter 11 
Rounding and Truncation Routines 





NINT 

Description 
The NINT routine rounds its single-precision, floating-point argument to the 
nearest integer. 

Routines Called 
NINT calls the MTHERR routine. 

Type of Argument 
The argument must be a single-precision, floating-point value; it can be any 
such value. 

Type of Result 
The result returned is an integer value; it may be any such value. 

Accuracy of Result 
The result is exact. 

Algorithm Used 
NINT(x) is calculated as follows. 

Let j = INT(lxl+.5) 

If j < 235 and 
If x 2: 0.0 

NINT(x) = j 
If x < 0.0 

NINT(x) = -j 

If j = 235 and 
If x < 0.0 

NINT(x) = -j 

Otherwise, overflow occurs and 
If x > 0.0 

NINT(x) = 235-1 
If x < 0.0 

NINT(x) = _235 

Error Conditions 
If x is greater than or equal to 235 or less than -235 , the result overflows. When 
overflow occurs, the following message is issued and the result is set to +ma­
chine infinity if x is greater than 0.0 or to -machine infinity if x is less than 
0.0. 

NINT: Result overflow 
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IDNINT 

Description 
The IDNINT routine rounds its double-predsion, D-floating-point argument 
to the nearest integer. 

Routines Called 
IDNINT calls the MTHERR routine. 

Type of Argument 
The argument must be a double-precision, D-floating-point value; it can be 
any such value. 

Type of Result 
The result returned is an integer value; it may be any such value. 

Accuracy of Result 
The result is exact. 

Algorithm Used 
IDNINT(x) is calculated as follows. 

Let j = INT(lxl+.5) 

If j < 235 and 
If x ;?: 0.0 

IDNINT(x) = j 
If x < 0.0 

IDNINT(x) = -j 

If j = 235 and 
If x < 0.0 

IDNINT(x) = -j 

Otherwise, overflow occurs and 
If x > 0.0 

IDNINT(x) = 235_1 
If x < 0.0 

IDNINT(x) = _235 

Error Conditions 
If x is greater than or equal to 235 or less than _235, the result overflows. When 
overflow occurs, the following message is issued and the result is set to +ma­
chine infinity if x is greater than 0.0 or to -machine infinity if x is less than 
0.0. 

IONINT: Result overflow 
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IGNIN. 

Description 
The IGNIN. routine rounds its double-precision, G-floating-point argument 
to the nearest integer. 

Routines Called 
IGNIN. calls the MTHERR routine. 

Type of Argument 
The argument must be a double-precision, G-floating-point value; it can be 
any such value. 

Type of Result 
The result returned is an integer value; it may be any such value. 

Accuracy of Result 
The result is exact. 

Algorithm Used 
IGNIN.(x} is calculated as follows. 

Let j = INT(lxl+.5) 

If j < 235 and 
If x ~ 0.0 

IGNIN.(x) = j 
If x < 0.0 

IGNIN.(x) = -j 

If j = 23fi and 
If x < 0.0 

IGNIN.(x) = -j 

Otherwise, overflow occurs and 
If x > 0.0 

IGNIN.(x) = 2:15_1 
If x < 0.0 

IGNIN .(x) = _235 

Error Conditions 
If x is greater than or equal to 23fi or less than _235 , the result overflows. When 
overflow occurs, the following message is issued and the result is set to +ma­
chine infinity if x is greater than 0.0 or - machine infinity if x is less than 0.0. 

IGNIN.: Result overflow 
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ANINT 

Description 
The ANINT routine rounds its single-precision, floating-point argument to 
the nearest single-precision, floating-point whole number. 

Routines Called 
None 

Type of Argument 
The argument must be a single-precision, floating-point value; it can be any 
such value. 

Type of Return 
The result returned is a single-precision, floating-point whole value; it may be 
any such value. 

Accuracy of Result 
The result is exact. 

Algorithm Used 
ANINT(x) is calculated as follows. 

If Ixl :;::: 226 

ANINT(x) = x because x is an integer 

If Ixl < 226 

If X > 0.0 
ANINT(x) = ((lxl+226)rounded)-226 

If x < 0.0 
ANINT(x) = -(((lxl+226)rounded)-226) 

Error Conditions 
None 
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DNINT 

Description 
The DNINT routine rounds its double-precision, D-floating-point argument 
to the nearest double-precision, D-floating-point whole number. 

Routines Called 
None 

Type of Argument 
The argument must be a double-precision, D-floating-point value; it can be 
any such value. 

Type of Result 
The result returned is a double-precision, D-floating-point whole value; it 
may be any such value. 

Accuracy of Result 
The result is exact. 

Algorithm Used 
DNINT is calculated as follows. 

If Ixl2 261 

DNINT(x) = x because x is an integer 

If Ixl < 261 

If x> 0.0 
DNINT(x) = «lxl+261 )rounded)-261 

If x < 0.0 
DNINT(x) = -«(lxl+261 )rounded)-261 ) 

Error Conditions 
None 
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GNINT. 

Description 
The GNINT. routine rounds its double-precision, G-floating-point argument 
to the nearest double-precision, G-floating-point whole number. 

Routines Called 
None 

Type of Argument 
The argument must be a double-precision, G-floating-point value; it can be 
any such value. 

Type of Result 
The result returned is a double-precision, G-floating-point whole value; it 
may be any such value. 

Accuracy of Result 
The result is exact. 

Algorithm Used 
GNINT.(x) is calculated as follows. 

If Ixl ~ 258 

GNINT.(x) = x because x is an integer 

If Ixl < 258 

If X > 0.0 
GNINT.(x) = «lxl+258)rounded)-258 

If x < 0.0 
GNINT.(x) = -«(lxl+258)rounded)-258) 

Error Conditions 
None 
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AINT 

Description 
The AINT routine truncates its single-precision, floating-point argument to a 
single-precision, floating-point whole number. 

Routines Called 
None 

Type of Argument 
The argument must be a single-precision, floating-point value; it can be any 
such value. 

Type of Result 
The result returned is a single-precision, floating-point whole value; it may be 
any such value. 

Accuracy of Result 
The result is exact. 

Algorithm Used 
AINT(x) is calculated as follows. 

If Ixl ;? 226 

AINT(x) = x because x is an integer 

If Ixl < 226 

If x> 0.0 
AINT(x) = ((Ixl +226)truncated)-226 

If x < 0.0 
AINT(x) = -( ((lxl+226)truncated)-226 ) 

Error Conditions 
None 
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DINT 

Description 
The DINT routine truncates its double-precision, D-floating-point argument 
to a double-precision, D-floating-point whole number. 

Routines Called 
None 

Type of Argument 
The argument must be a double-precision, D-floating-point value; it can be 
any such value. 

Type of Result 
The result returned is a double-precision, D-floating-point whole value; it 
may be any such value. 

Accuracy of Result 
The result is exact. 

Algorithm Used 
DINT(x) is calculated as follows. 

If Ixl ~ 261 

DINT(x) = x because x is an integer 

If Ixl < 1.0 
DINT(x) = 0.0 

Otherwise 
DINT(x) = sgn(x) -(Ixl with fraction bits replaced by zeroes) 

Error Conditions 
None 

11-10 TOPS-10/TOPS-20 Common Math Library Reference Manual 



GINT. 

Description 
The GINT. routine truncates its double-precision, G-floating-point argument 
to a double-precision, G-floating-point whole number. 

Routines Called 
None 

Type of Argument 
The argument must be a double-precision, G-floating-point value; it can be 
any such value. 

Type of Result 
The result returned is a double-precision, G-floating-point whole value; it 
may be any such value. 

Accuracy of Result 
The result is exact. 

Algorithm Used 
GINT.(x) is calculated as follows. 

If Ixl ;::: 258 

GINT.(x) = x because x is an integer 

If Ixl < 1.0 
GINT.(x) = 0.0 

Otherwise 
GINT.(x) = sgn(x) -(Ixl with fraction bits replaced by zeroes) 

Error Conditions 
None 

Rounding and Truncation Routines 11-11 





Chapter 12 
Product, Remainder, and Positive Difference 
Routines 





DPROD 

Description 
The DPROD routine multiplies two single-precision, floating-point numbers 
and returns a double-precision, D-floating-point product. That is: 

DPROD(x,y) = x·y 

Routines Called 
OPROD calls the MTHERR routine. 

Type of Arguments 
Both arguments must be single-precision, floating-point values; they can be 
any such values. 

Type of Result 
The result returned is a double-precision, D-floating-point value; it may be 
any such value. 

Accuracy of Result 
The result is exact. 

Algorithm Used 
DPROD(x,y) is calculated as follows. 

Let x = DBLE(x) 
y = DBLE(y) 

DPROD(x,y) = x·y 

Error Conditions 

1. If overflow occurs, the following message is issued and the result is set to 
±machine infinity. 

DPROD: Result overflow 

2. If underflow occurs, the following message is issued and the result is set to 
0.0. 

DPROD: Result underflow 
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GPROD. 

Description 
The GPROD. routine multiplies two single-precision, floating-point numbers 
and returns a double-precision, G-floating-point product. That is: 

GPROD.(x,y) = x·y 

Routines Called 
GPROD. calls the MTHERR routine. 

Type of Arguments 
Both arguments must be single-precision, floating-point values; they can be 
any such values. 

Type of Result 
The result returned is a double-precision, G-floating-point value; it may be 
any such value. 

Accuracy of Result 
The result is exact. 

Algorithm Used 
GPROD.(x,y) is calculated as follows. 

Let x = GDB.O(x) 
y = GDB.O(y) 

GPROD.(x,y) = x·y 

Error Conditions 
None 
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MOD 

Description 
The MOD routine returns the integer remainder of the quotient of its integer 
arguments. That is: 

MOD(i,j) = i-[i/j] ej 

Routines Called 
None 

Type of Arguments 
Both arguments must be integer; the second argument cannot equal zero. If 
the first argument is negative, the result is negative. 

Type of Result 
The result returned is an integer value in the range -Ijl to Ijl. 

Accuracy of Result 
The result is exact. 

Algorithm Used 
MOD(i,j) is calculated as follows. 

MOD(i,j) = (Iil-[I il/j] e j). sgn(i) 
[Iil/j] = the greatest integer in lil/j 

Error Conditions 
None 
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AMOD 

Description 
The AMOD routine returns the single-precision, floating-point remainder of 
the quotient of its single-precision, floating-point arguments. That is: 

AMOD(x,y) = x-[x/y]·y 

Routines Called 
AMOD calls the MTHERR routine. 

Type of Arguments 
Both arguments must be single-precision, floating-point values; the second 
argument cannot equal zero. If the first argument is negative, the result will 
be negative. 

Type of Result 
The result returned is a single-precision, floating-point value in the range - Iyl 
to Iyl. 

Accuracy of Result 
The result is exact. 

Algorithm Used 
AMOD(x,y) is calculated as follows. 

AMOD(x,y) = (Ixl-[lxl/y] .y) ·sgn(x) 
[I x I/y] = largest integer in Ixl/y 

Error Conditions 
Underflow may occur if y is too small a number. If underflow occurs, the 
following message is issued and the result is set to 0.0. 

AMOD: Result underflow 
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DMOD 

Description 
The DMOD routIne returns the double-precision, D-floating-point remainder 
of the quotient of its double-precision, D-floating-point arguments. That is: 

DMOD(x,y) = x-[x/y]·y 

Routines Called 
DMOD calls the MTHERR routine. 

Type of Arguments 
Both arguments must be double-precision, D-floating-point val~es; the sec­
ond argument cannot equal zero. If the first argument is negative, the result 
will be negative. 

Type of Result 
The result returned is a double-precision, D-floating-point value in the range 
- Iyl to Iyl. 

Accuracy of Result 
The, result is exact. 

Algorithm Used 
DMOD(x,y) is calculated as follows. 

DMOD(x,y) = (Ixl-[Ixl/y] .y) ·sgn(x) 
[Ixl/y] = largest integer in Ixl/y 

Error Conditions 
Underflow may occur if y is too small a number. If underflow occurs, the 
following message is issued and the result is set to 0.0. 

DMOD: Result underflow 
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GMOD 

Description 
The GMOD routine returns the double-precision, G-floating-point remainder 
of the quotient of its double-precision, G-floating-point arguments. That is: 

GMOD(x,y) = x-[x/y]·y 

Routines Called 
GMOD calls the MTHERR routine. 

Type of Arguments 
Both arguments must be double-precision, G-floating-point values; the sec­
ond argument cannot equal zero. If the first argument is negative, the result 
will be negative. 

Type of Result 
The result returned is a double-precision, G-floating-point value in the range 
- Iyl to Iyl. 

Accuracy of Result 
The result is exact. 

Algorithm Used 
GMOD(x,y) is calculated as follows. 

GMOD(x,y) = (Ixl-[Ixl/y] .y). sgn(x) 
[lxl/y] = largest integer in Ixl/y 

Error Conditions 
Underflow nlay occur if y is too small a number. If underflow occurs, the 
following message is issued and the result is set to 0.0. 

GMOD: Result underflow 
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101M 

Description 
The IDIM routine returns the integer difference between its integer argU>l 
ments, provided that the difference is positive. If the difference is negative, 
IDIM returns zero. That is: 

IDIM(i,j) = i-j 

Routines Called 
IDIM calls the MTHERR routine. 

Type of Arguments 
Both arguments JIlust be integer values; they can be any such values. 

Type of Result 
The result returned is an integer value greater than or equal to O. 

Accuracy of Result 
The result is exact. 

Algorithm Used 
IDIM is calculated as follows. 

If i ~ j 
IDIM(i,j) = 0 

If i > j 
IDIM(i,j) = i-j 

Error Conditions 
If overflow occurs during subtraction, the following message is issued and the 
result is set to machine infinity. 

101M: Result overflow 
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DIM 

Description 
The DIM routine returns the single-precision, floating-point difference be­
tween its single-precision, floating-point arguments, provided that the differ­
ence is positive. If the difference is negative, DIM returns zero. That is: 

DIM(x,y) = x-y 

Routines Called 
DIM calls the MTHERR routine. 

Type of Arguments 
Both arguments must be single-precision, floating-point values; they can be 
any such values. 

Type of Result 
The result returned is a single-precision, floating-point value greater than or 
equal to 0.0. 

Accuracy of Result 
The result is rounded with an error bound of half a least significant hit. 

Algorithm Used 
DIM(x,y) is calculated as follows. 

IfxsY 
DIM(x,y) = 0.0 

If x > y 
DIM(x,y) = x-y 

Error Conditions 

1. If overflow occurs during subtraction, the following message is issued and 
the result is set to machine infinity. 

01 M: Result overflow 

2. If underflow occurs during subtraction, the following message is issued 
and the result is set to 0.0. 

DIM: Result underflow 
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DDIM 

Description 
The DDIM routine returns the double-precision, D-floating-point difference 
between its double-precision, D-floating-point arguments, provided that the 
difference is positive. If the difference is negative, DDIM returns zero. That is: 

DDIM(x,y) = x-y 

Routines Called 
DDIM calls the MTHERR routine. 

Type of Arguments 
Both arguments must be double-precision, D-floating-point values; they can 
be any such values. 

Type of Result 
The result returned is a double-precision, D-floating-point value greater than 
or equal to 0.0. 

Accuracy of Result 
The result is rounded with an error bound of half a least significant bit. 

Algorithm Used 
DDIM(x,y) is calculated as follows. 

Ifx:5Y 
DDIM(x,y) = 0.0 

If x > y 
DDIM(x,y) = x-y 

Error Conditions 

1. If overflow occurs during subtraction, the following message is issued and 
the result is set to machine infinity. 

DDIM: Result overflow 

2. If underflow occurs during subtraction, the following message is issued 
and the result is set to 0.0. 

DDIM: Result underflow 
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GDIM 

Description 
The GDIM routine returns the double-precision, G-floating-point difference 
between its double-precision, G-floating-point arguments, provided that the 
difference is positive. If the difference is negative, GDIM returns zero. That is: 

GDIM(x,y) = x-y 

Routines Called 
GDIM calls the MTHERR routine. 

Type of Arguments 
Both arguments must be double-precision, G-floating-point values; they can 
be any such values. 

Type of Result 
The result returned is a double-precision, G-floating-point value greater than 
or equal to 0.0. 

Accuracy of Result 
The result is rounded with an error bound of half a least significant bit. 

Algorithm Used 
GDIM(x,y) is calculated as follows. 

If x::::; y 
GDIM(x,y) = 0.0 

If x > y 
GDIM(x,y) = x-y 

Error Conditions 

1. If overflow occurs during subtraction, the following message is issued and 
the result is set to machine infinity. 

GDIM: Result overflow 

2. If underflow occurs during subtraction, the following message is issued 
and the result is set to 0.0. 

GDIM: Result underflow 
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Chapter 13 
Transfer of Sign Routines 





ISIGN 

Description 
The ISIGN routine transfers the sign of its integer second argument to its 
integer first argument, ignoring the sign of the first argument. That is: 

ISIGN (i,j) = lilesgn(j) 

Routines Called 
ISIGN calls the MTHERR routine. 

Type of Arguments 
Both arguments must be integer values; they can be any such values. 

Type of Result 
The result returned is an integer value; it has the same magnitude as the first 
argument. 

Accuracy of Result 
The result is exact. 

Algorithm Used 
ISIGN(i,j) is calculated as follows. 

ISIGN(i,j) = lilesgn(j) 

If j 2:: 0 
ISIGN(i,j) = Iii 

If j < 0 
ISIGN(i,j) = -Iii 

Error Conditions 
If i = _235 and j > 0, overflow occurs. If overflow occurs, the following message 
is issued and the result is set to machine infinity. 

ISIGN: Result overflow 
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SIGN 

Description 
The SIGN routine transfers the sign of its single-precision, floating-point 
second argument to its single-precision, floating-point first argument, ignor­
ing the sign of the first argument. That is: 

SIGN (x,y) = Ixlesgn(y) 

Routines Called 
None 

Type of Arguments 
Both arguments must be single-precision, floating-point values; they can be 
any such values. 

Type of Result 
The result returned is a single-precision, floating-point value; it has the same 
magnitude as the first argument. 

Accuracy of Result 
The result is exact. 

Algorithm Used 
SIGN(x,y) is calculated as follows. 

SIGN(x,y) = Ixlesgn(y) 

If y;? 0.0 
SIGN(x,y) = Ixl 

If y < 0.0 
SIGN(x,y) = -Ixl 

Error Conditions 
None 
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DSIGN 

Description 
The DSIGN routine transfers the sign of its double-precision, D-floating-point 
second argument to its double-precision, D-floating-point first argument, ig­
noring the sign of the first argument. That is: 

DSIGN(x,y) = Ixlesgn(y) 

Routines Called 
None 

Type of Arguments 
Both arguments must be double-precision, D-floating-point values; they can 
be any such values. 

Type of Result 
The result returned is a double-precision, D-floating-point value; it has the 
same magnitude as the first argument. 

Accuracy of Result 
The result is exact. 

Algorithm Used 
DSIGN(x,y) is calculated as follows. 

DSIGN(x,y) = Ixlesgn(y) 

If y ~ 0.0 
DSIGN(x,y) = Ixl 

If y < 0.0 
DSIGN(x,y) = -Ixl 

Error Conditions 
None 
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GSIGN 

Description 
The GSIGN routine transfers the sign of its double-precision, G-floating-point 
second argument to its double-precision, G-floating-point first argument, ig­
noring the sign of the first argument. That is: 

GSIGN(x,y) = Ixl-sgn(y) 

Routines Called 
None 

Type of Arguments 
Both arguments must be double-precision, G-floating-point values; they can 
be any such values. 

Type of Result 
The result returned is a double-precision, G-floating-point value; it has the 
same magnitude as the first argument. 

Accuracy of Result 
The result is exact. 

Algorithm Used 
GSIGN(x,y) is calculated as follows. 

GSIGN(x,y) = Ixl-sgn(y) 

If y ~ 0.0 
GSIGN(x,y) = Ixl 

If y < 0.0 
GSIGN(x,y) = -Ixl 

Error Conditions 
None 
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Chapter 14 

Maximum/Minimum Routines 





MAXO 

Description 
The MAXO routine finds the integer maximum of a series of integer argu­
ments. 

Routines Called 
None 

Type of Arguments 
All the arguments must be integer values; they can be any such values. There 
can be as many arguments as desired. 

Type of Result 
The result returned is an integer value; it is the largest value in the series. 

Accuracy of Result 
The result is exact. 

Algorithm Used 
MAXO(i, ... j) is calculated as follows. 

The MAXO routine compares each argument in succession with the current 
largest argument, which is held in a register. Each time an argument exceeds 
the current largest argument, the register is updated. This loop continues 
until the final argument is processed. The contents of the register are then 
returned as the result. 

Error Conditions 
None 
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MAX1 

Description 
The MAXI routine finds the integer maximum of a series of single-precision, 
floating-point arguments. 

Routines Called 
None 

Type of Arguments 
All the arguments must be single-precision, floating-point values; they can be 
any such values. There can be as many arguments as desired. 

Type of Result 
The result returned is the largest value in the series converted to integer 
format. 

Accuracy of Result 
The result is exact except for possible overflow during the conversion to inte­
ger. 

Algorithm Used 
MAXI(x, ... y) is calculated as follows. 

The MAXI routine compares each argument in succession with the current 
largest argument, which is held in a register. Each time an argument exceeds 
the current largest argument, the register is updated. This loop continues 
until the final argument is processed. The contents of the register are then 
converted to integer format and returned as the result. 

Error Conditions 
Overflow can occur during conversion to integer. If overflow occurs, the result 
is set to ± machine infinity. 
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AMAXO 

Des~rlptlon 
The AMAXO routine finds the single-precision, floating-point maximum of a 
series of integer arguments. 

Routines Called 
None 

Type of Arguments 
All the arguments must be integer; they can be any such values. There can be 
as many arguments as desired. 

Type of Result 
The result returned is the largest value in the series converted to single­
precision, floating-point format. 

Accuracy of Result 
The result is exact unless a rounding error occurs during conversion, in which 
case the error could be half a least significant bit. 

Algorithm Used 
AMAXO(i, ... j) is calculated as follows. 

The AMAXO routine compares each argument in succession with the current 
largest argument, which is held in a register. Each time an argument exceeds 
the current largest argument, the register is updated. This loop continues 
until the final argument is processed. The contents of the register are then 
converted to single-precision, floating-point format and returned as the result. 

Error Conditions 
None 
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AMAX1 

Description 
The AMAXI routine finds the single-precision, floating-point maximum of a 
series of single-precision, floating-point arguments. 

Routines Called 
None 

Type of Arguments 
All the arguments must be single-precision, floating-point values; they can be 
any such values. There can be as many arguments as desired. 

Type of Result 
The result returned is a single-precision, floating-point value; it is the largest 
value in the series. 

Accuracy of Result 
The result is exact. 

Algorithm Used 
AMAXl(x, ... y) is calculated as follows. 

The AMAXI routine compares each argument in succession with the current 
largest argument, which is held in a register. Each time an argument exceeds 
the current largest argument, the register is updated. This loop continues 
until the final argument is processed. The contents of the register are then 
returned as the result. 

Error Conditions 
None 
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DMAX1 

Description 
The DMAXI routine finds the double-precision, D-floating-point maximum 
of a series of double-precision, D-floating-point arguments. 

Routines Called 
None 

Type of Arguments 
All the arguments must be double-precision, D-floating-point values; they can 
be any such values. There can be as many arguments as desired. 

Type of Result 
The result returned is a double-precision, D-floating-point value; it is the 
largest value in the series. 

Accuracy of Result 
The result is exact. 

Algorithm Used 
DMAXl(x, ... y) is calculated as follows. 

The DMAXI routine compares each argument in succession with the current 
largest argument, which is held in two registers. Each time an argument 
exceeds the current largest argument, the registers are updated. This loop 
continues until the final argument is processed. The contents of the registers 
are then returned as the result. 

Error Conditions 
None 
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GMAX1 

Description 
The GMAXI routine finds the double-precision, G··floating-point maximurn 
of a series of double-precision, G-floating-point arguments. 

Routines Called 
None 

Type of Arguments 
All the arguments must be double-precision, G-floating-point values; they can 
be any such values. There can be as many arguments as desired. 

Type of Result 
The result returned is a double-precision, G-floating-point value; it is the 
largest value in the series. 

Accuracy of Result 
The result is exact. 

Algorithm Used 
GMAXl(x, ... y) is calculated as follows. 

The GMAXI routine compares each argument in succession with the current 
largest argument, which is held in two registers. Each time an argulnent 
exceeds the current largest argument, the registers are updated. This loop 
continues until the final argument is processed. The contents of the registers 
are then returned as the result. 

Error Conditions 
None 
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MINO 

Description 
The MINO routine finds the integer minimum of a series of integer arguments. 

Routines Called 
None 

Type of Arguments 
All the arguments must be integer values; they can be any such values. There 
can be as many arguments as desired. 

Type of Result 
The result returned is an integer value; it is the smallest value in the series. 

Accuracy of Result 
The result is exact. 

Algorithm Used 
MINO(i, ... j) is calculated as follows. 

The MINO routine compares each argument in succession to the current 
smallest argument, which is held in a register. Each time an argument is less 
than the current smallest argument, the register is updated. This loop contin­
ues until the final argument is processed. The contents of the register are then 
returned as the result. 

Error Conditions 
None 
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MIN1 

Description 
The MINI routine finds the integer minimum of a series of single-precision, 
floating- point arguments. 

Routines Called 
None 

Type of Arguments 
All the arguments must be single-precision, floating-point values; they can be 
any such values. There can be as many arguments as desired. 

Type of Result 
The result returned is the smallest value in the series converted to integer 
format. 

Accuracy of Result 
The result is exact except for possible overflow during the conversion to inte­
ger. 

Algorithm Used 
MINl(x, ... y) is calculated as follows. 

The MINI routine compares each argument in succession with the current 
smallest argument, which is held in a register. Each time an argulnent is 
smaller than the current smallest argument, the register is updated. This loop 
continues until the final argument is processed. The contents of the register 
are then converted to integer and returned as the result. 

Error Conditions 
Overflow can occur during conversion to integer. If overflow occurs, the result 
is set to ± machine infinity. 
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AMINO 

Description 
The AMINO routine finds the single-precision, floating-point minimum of a 
series of integer arguments. 

Routines Called 
None 

Type of Arguments 
All the arguments must be integer; they can be any such values. There can be 
as many arguments as desired. 

Type of Result . 
The result returned is the smallest value in the series converted to single­
precision, floating-point format. 

Accuracy of Result 
The result is exact unless a rounding error occurs during conversion, in which 
case the error could be half a least significant bit. 

Algorithm Used 
AMINO(i, ... j) is calculated as follows. 

The AMINO routine compares each argument in succession with the current 
smallest argument, which is held in a register. Each time an argument is 
smaller than the current smallest argument, the register is updated. This loop 
continues until the final argument is processed. The contents of the register 
are then converted to single-precision, floating-point format and returned as 
the result. 

Error Conditions 
None 
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AMIN1 

Description 
The AMINI routine finds the single-precision, floating-point minimum of a 
series of single-precision, floating-point arguments. 

Routines Called 
None 

Type of Arguments 
All the arguments must be single-precision, floating-point values; they can be 
any such values. There can be as many arguments as desired. 

Type of Result 
The result returned is a single-precision, floating-point value; it is the smalJ­
est value in the series. 

Accuracy of Result 
The result is exact. 

Algorithm Used 
AMINI(x, ... y) is calculated as follows. 

The AMINI routine compares each argument in succession with the current 
smallest argument, which is held in a register. Each time an argument is 
smaller than the current smallest argunlent, the register is updated. This loop 
continues until the final argument is processed. The contents of the register 
are then returned as the result. 

Error Conditions 
None 
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DMIN1 

Description 
The DMINI routine finds the double-precision, D-floating-point minimum of 
a series of double-precision, D-floating-point arguments. 

Routines Called 
None 

Type of Arguments 
All the arguments must be double-precision, D-floating-point values; they can 
be any such values. There can be as many arguments as desired. 

Type of Result 
The result returned is a double-precision, D-floating-point value; it is the 
smallest value in the series. 

Accuracy of Result 
The result is exact. 

Algorithm Used 
DMINl(x, ... y) is calculated as follows. 

The DMINI routine compares each argument in succession with the current 
smallest argument, which is held in two registers. Each time an argument is 
less than the current smallest argument, the registers are updated. This loop 
continues until the final argument is processed. The contents of the registers 
are then returned as the result. 

Error Conditions 
None 
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GMIN1 

Description 
The GMINI routine finds the double-precision, G-floating-point minimum of 
a series of double-precision, G-floating-point arguments. 

Routines Called 
None 

Type of Arguments 
All the arguments must be double-precision, G-floating-point values; they can 
be any such values. There can be as many arguments as desired. 

Type of Result 
The result returned is a double-precision, G-floating-point value; it is the 
smallest value in the series. 

Accuracy of Result 
The result is exact. 

Algorithm Used 
GMINl(x, ... y) is calculated as follows. 

The GMINI routine compares each argument in succession with the current 
smallest argument, which is held in two registers. Each time an argument is 
less than the current smallest argument, the registers are updated. This loop 
continues until the final argument is processed. The contents of the registers 
are then returned as the result. 

Error Conditions 
None 
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Chapter 15 
Miscellaneous Complex Routines 





REAL.C 

Descriptio n 
The REAL.C routine returns the real part of a complex number. That is: 

REAL.C(z) = REAL.C(x+i .y) = x 

Routines Called 
None 

Type of Argument 
The argument must be a complex value; it can be any such value. 

Type of Result 
The result returned is a single-precision, floating-point value. 

Accuracy of Result 
The result is exact. 

Algorithm Used 
REAL.C(z) is calculated by copying the real part of the argument to the 
return location. 

Error Conditions 
None 
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AIMAG 

Description 
The AIMAG routine returns the imaginary part of a complex number. That is: 

AIMAG(z) = AIMAG(x+i .y) = y 

Routine'S Called 
None 

Type of Argument 
The argument must be a complex value; it can be any such value. 

Type of Result 
The result returned is a single-precision, floating-point value; it is the imagi­
nary part of the number. 

Accuracy of Result 
The result is exact. 

Algorithm Used 
AIMAG(z) is calculated by copying the imaginary part of the argument to the 
return location. 

Error Conditions 
None 
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CONJ 

Description 
The CONJ routine finds the conjugate of a complex number. That is: 

CONJ(z) = conj(x+i .y) = x-i·y 

Routines Called 
None 

Type of Argument 
The argument must be a complex value; it can be any such value. 

Type of Result 
The result returned is a complex value; it is the conjugate of the argument 
value. 

Accuracy of Result 
The result is exact. 

Algorithm Used 
CONJ(z) is calculated as follows. 

Let z = x+i·y 
conj(x+i .y) = x+( -i .y) 
CONJ(z) = x-i·y 

Error Conditions 
None 
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CFM 

Descr1ptlon 
The CFM subroutine finds the complex, single-precision, floating-point prod­
uct of two complex, single-precision, floating-point values. That is: 

CFM(z,g) = zeg 

Routines Called 
CFM calls the MTHERR routine. 

Type of Arguments 
CFM is a subroutine with two arguments; both must be complex, single­
precision, floating-point values. They can be any such values. 

Type of Result 
The result returned is a complex, single-precision, floating-point value. 

Accuracy of Result 

test interval: 

MRE: 

RMS: 

LSB error distribution: 

Algorithm Used 

-10000. through 10000. for z (real) 
-10000. through 10000. for z (imaginary) 
-10000. through 10000. for g (real) 
-10000. through 10000. for g (imaginary) 

1.20x10-5 (16.4 bits) real 
1.47x10-6 (19.4 bits) imaginary 

2.64x10-7 (21.9 bits) real 
5.81x10-8 (24.0 bits) imaginary 

-4+ -3 -2 -1 a +1 +2 +3 +4+ 
2% 1% 1% 14% 64% 15% 1% 1% 2% real 
1% 1% 1% 15% 64% 14% 1% 1% 2% imaginary 

CFM(z,g) is calculated as follows. 

Let z = a+i· b 
Let g = c+i·d 

If CFM(z,g) = (a+i· b)· (c+i· d) 
CFM(z,g) = (a·c-b-d)+i-(b-c+a·d) 

Error Conditions 

1. If either part of the result overflows, the following message is issued and 
that part of the result is set to machine infinity. 

CMATH: Complex overflow 

2. If either part of the result underflows, the following message is issued and 
that part of the result is set to 0.0. 

CMATH: Complex underflow 
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CFDV 

Description 
The CFDV subroutine finds the complex, single-precision, floating-point quo­
tient of two complex, single-precision, floating-point values. That is: 

CFDV(z,g) = zig 

Routines Called 
CFDV calls the MTHERR routine. 

Type of Arguments 
CFDV is a subroutine with two arguments; both must be complex, single­
precision, floating-point values. They can be any such values. 

Type of Result 
The result returned is a complex, single-precision, floating-point value; it may 
be any such value. 

Accuracy of Result 

test interval: 

MRE: 

RMS: 

LSB error distribution: 

Algorithm Used 

-10000. through 10000. for z (real) 
-10000. through 10000. for z (imaginary) 
-10000. through 10000. for g (real) 
-10000. through 10000. for g (imaginary) 

2.87x10-7 (21.7 bits) real 
7.60x10-7 (20.3 bits) imaginary 

1.33x10-8 (26.2 bits) real 
2.30x10-8 (25.4 bits) imaginary 

-4+ -3 -2 -1 0 +1 +2 +3 +4+ 
1% 1% 3% 22% 49% 21% 2% 0% 1% real 
1% 1% 3% 21% 50% 20% 3% 1% 1% imaginary 

CFDV(z,g) is calculated as follows. 

Let z = a+i-b 
Letg=c+i-d 

If CFDV(z,g) = (a+i-b)/(c+i-d) 
CFDV(z,g) = ((a-c+b-d)+i-(b-c-a-d))/(c2+d2) 

Error Conditions 

1. If either part of the result underflows, the following message is issued and 
that part of the result is set to 0.0. 

CMATH: Complex underflow 

2. If either part of the result overflows, that part of the result is set to 
machine infinity. 
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Appendix A 
ELEFUNT Test Results 

This appendix contains the results of the ELEFUNT tests of W. J. Cody, 
Argonne National Laboratory. For each test, the test interval, maximum rela­
tive error (MRE), and root mean square (RMS) relative error are given. Note 
that it is not meaningful to compare these test results with the test results 
given for each routine under the heading "Accuracy of Result." 

ACOS(x) vs Taylor Series 
test interval: -1.0000 through -0.7500 

MRE: 0.1231x10-7 (26.3 bits) 
RMS: 0.2868x10-8 (28.4 bits) 

ACOS(x) vs Taylor Series 
test interval: 0.7500 through 1.0000 

MRE: 0.1488x10-7 (26.0 bits) 
RMS: 0.1330x10-8 (29.5 bits) 

ACOS(x) vs Taylor Series 
test interval: -0.1250 through 0.1250 

MRE: 0.1030x10-7 (26.5 bits) 
RMS: 0.2647x10-8 (28.5 bits) 

ALOG(x·x) vs 2·logex 
test interval: 0.1600x102 through 0.2400x103 

MRE: 0.1466xlO-7 (26.0 bits) 
RMS: 0.2292x10-8 (28.7 bits) 

ALOG(x) vs Taylor Series expansion of ALOG(1+y) 
test interval: 1-0.1953x10-2 through 1+0.1953x1o-2 

MRE: 0.2466x10-7 (25.3 bits) 
RMS: 0.6614x10-8 (27.2 bits) 

ALOG(x) vs ALOG(17x/16)-ALOG(17/16) 
test interval: 0.7071 through 0.9375 

MRE: 0.2264x10-7 (25.4 bits) 
R1\1S: 0.6426x10-8 (27.2 bits) 
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ALOG10(x) vs ALOG10(11x/10)-ALOG10(11/10) 
test interval: 0.3162 through 0.9000 

MRE: 0.3863x10-7 (24.6 bits) 
RMS: 0.1122x10-7 (26.4 bits) 

ASIN (x) vs Taylor Series 
test interval: 0.7500 through 1.0000 

MRE: 0.1478x10-7 (26.0 bits) 
RMS: 0.3245x10-8 (28.2 bits) 

ASIN (x) vs Taylor Series 
test interval: -0.1250 through 0.1250 

MRE: 0.1190x10-7 (26.3 bits) 
RMS: 0.6733x10-9 (30.5 bits) 

AT AN (x) vs truncated Taylor Series 
test interval: -0.6250x10-1 through 0.6250xl0-1 

MRE: 0.8032x10-8 (26.9 bits) 
RMS: 0.1796x10-9 (32.4 bits) 

ATAN(x) vs ATAN(1/16)+ATAN«x-1/16)/(1+x/16» 
test interval: 0.6250.10-1 through 0.2679 

MRE: 0.1488x10-7 (26.0 bits) 
RMS: 0.6219x10-8 (27.3 bits) 

2·ATAN(x) vs ATAN(2x/(1-x·x» 
test interval: 0.2679 through 0.4142 

MRE: 0.1423x10-7 (26.1 bits) 
RMS: 0.6597x10-8 (27.2 bits) 

2·ATAN(x) vs ATAN(2x/(1-x·x» 
test interval: 0.4142 through 1.0000 

MRE: 0.1484xlO-7 (26.0 bits) 
RMS: 0.3894x10-8 (27.9 bits) 

COS (x) vs 4·COS(x/3)3_3·COS(x/3) 
test interval: 0.2199x102 through 0.2356xl02 

MRE: 0.2070x10-7 (25.5 bits) 
RMS: 0.6463x10-8 (27.2 bits) 

COSH(x) vs C·(COSH(x+1)+COSH(x-1» 
test interval: 3.0000 through 0.8803x1p2 

MRE: 0.2219x10-7 (25.4 bits) 
RMS: 0.7007x1o-8 (27.1 bits) 

COSH(x) vs Taylor Series expansion of COSH(x) 
test interval: 0.0000 through 0.5000 

MRE: 0.1490x10-7 (26.0 bits) 
RMS: 0.5491x10-8 (27.4 bits) 

COT(x) vs (COT(x/2)2_1)/(2·COT(x/2» 
test interval: 0.1885x102 through 0.1963xl02 

MRE: 0.2975x10-7 (25.0 bits) 
RMS: 0.8629x10-8 (26.8 bits) 
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DACOS(x) vs Taylor Series 
test interval: -1.0000 through -0.7500 

MRE: 0.3582x10-18 (61.3 bits) 
RMS: 0.1211x10-18 (62.8 bits) 

DACOS(x) vs Taylor Series 
test interval: -0.1250 through -0.1250 

MRE: 0.3000x10-18 (61.5 bits) 
RMS: 0.1224x10-18 (62.8 bits) 

DACOS(x) vs Taylor Series 
test interval: 0.7500 through 1.0000 

MRE: 0.4337x10-18 (61.0 bits) 
RMS: 0.1682x10-18 (62.4 bits) 

DASIN (x) vs Taylor Series 
test interval: -0.1250 through 0.1250 

MRE: 0.4334x10-18 (61.0 bits) 
RMS: 0.1715x10-18 (62.3 bits) 

DASIN(x) vs Taylor Series 
test interval: 0.7500 through 1.0000 

MRE: 0.4326x10-18 (61.0 bits) 
RMS: 0.1168x1o--18 (62.9 bits) 

DATAN(x) vs truncated Taylor Series 
test interval: -0.6250x10-1 through -0.6250x10-1 

MRE: 0.4326x10-18 (61.0 bits) 
RMS: 0.1370x10-18 (62.7 bits) 

DATAN(x) vs DATAN(1/16)+DATAN«x-1/16)/(1+x/16)) 
test interval: 0.6250x10-1 through 0.2679 

MRE: 0.4333x10-18 (61.0 bits) 
RMS: 0.1755x10-18 (62.3 bits) 

2 -DATAN(x) vs DATAN(2x/(l-x-x)) 
test interval: 0.2679 through 0.4142 

MRE: O.6610x10-18 (60.4 bits) 
RMS: 0.1987x10-18 (62.1 bits) 

2-DATAN(x) vs DATAN(2x/(1-x-x)) 
test interval: 0.4142 through 1.0000 

MRE: 0.4319x10-18 (61.0 bits) 
RMS: 0.1167x10-18 (62.9 bits) 

DCOS(x) vs 4-DCOS(x/3)3_3-DCOS(x/3) 
test interval: 0.2199x102 through 0.2356x102 

MRE: 0.6523x10-18 (60.4 bits) 
RMS: 0.1960x10-18 (62.2 bits) 

DCOSH(x) vs Taylor Series expansion of DCOSH(x) 
test interval: 0.0000 through 0.5000 

MRE: 0.4337x10-18 (61.0 bits) 
RMS: 0.1550x10-18 (62.5 bits) 

ELEFUNT Test Results A-3 



DCOSH(x) vs C·(DCOSH(x+l)+DCOSH(x-·l) 
test interval: 3.0000 through 0.8803xl02 

MRE: 0.8440xlO- 18 (60.0 bits) 
RMS: 0.2805x10-18 (61.6 bits) 

DCOT(x) vs (DCOT(x/2)2-1)/(2·DCOT(x/2» 
test interval: 0.1885xl02 through 0.1963xl02 

MRE: 0.9064xlO- 18 (59.9 bits) 
RMS: 0.2632xlO'-.18 (61. 7 bits) 

DEXP(x-0.0625) vs DEXP(x)/DEXP(0.0625) 
test interval: -0.2841 through 0.3466 

MRE: 0.4336xlO--18 (61.0 bits) 
RMS: 0.1689xlO-18 (62.4 bits) 

DEXP(x-2.8125) vs DEXP(x)/DEXP(2.8125) 
test interval: -3.4660 through -0.4505xl02 

MRE: 0.6394xlO-18 (60.4 bits) 
RMS: 0.1670x10-18 (62.4 bits) 

DEXP(x-2.8125) vs DEXP(x)/DEXP(2.8125) 
test interval: -6.9310 through 0.8792xl02 

MRE: 0.6350x10-18 (6004 bits) 
RMS: 0.1808xlO-18 (62.3 bits) 

DEXP3. (x 1.0 vs x) 
test interval: 0.5000 through 1.0000 

The result is exact. 

DEXP3. (XSQ1.5 vs XSQ ·x) 
test interval: 0.5000 through 1.0000 

MRE: 0.4336xlO-18 (61.0 bits) 
RMS: O.1585xl0 18 (62.4 bits) 

DEXP3. (XSQ1.5 vs XSQ ·x) 
test interval: 1.0000 through 0.5541x1013 

MRE: 0.4330xlO-18 (61.0 bits) 
R1\1S: 0.1678xlO- 18 (62.4 bits) 

DEXP3. (xY vs XSQy/2) 
test interval: 0.1000xlO- 1 through 0.1000xl02 for x 

-O.1942xl02 through 0.1942xl02 for y 
]\tIRE: 0.5499xIO-18 (60.7 bits)' 
RMS: 0.1196xlO--18 (62.9 hits) 

DLOG(x) vs Taylor Series expansion of DLOG(1+y) 
test interval: 1-9537xlO-6 through 1+9537xlO-6 

l\1RE: O.5605xlO- 18 (60of) bits) 
Rl\tlS: 0.1922xl0 18 (62.2 bits) 

DLOG(x) vs DLOG(17x/16)--DLOG(17/16) 
test interval: 0.7071 through 0.9375 

MHE: O.9228xlO-18 (59.9 bits) 
RMS: O.3347xlO-18 (61.4 bits) 
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DLOG(x·x) vs 2·DLOG(x) 
test interval: 0.1600x102 through 0.2400xl03 

MRE: 0.4306xlO-18 (61.0 bits) 
RMS: 0.7895x10-19 (63.5 bits) 

DLOG10(x) vs DLOG10(11x/10)-DLOG10(11/10) 
test interval: 0.3162 through 0.9000 

MRE: 0.1476x10-17 (59.2 bits) 
RMS: 0.3747x10-18 (61.2 bits) 

DSIN(x) vs 3·DSIN(x/3)-4·nSIN(x/3)3 
test interval: 0.0000 through 1.5710 

MRE: 0.5378x10-18 (60.7 bits) 
RMS: 0.1802xlO-18 (62.3 bits) 

DSIN(x) vs 3·DSIN(x/3)-4·DSIN(x/3)3 
test interval: 0.1885x102 through 0.2042x102 

MRE: 0.6115x10-18 (60.5 bits) 
RMS: 0.1960x10-18 (62.2 bits) 

DSINH(x) vs Taylor Series expansion of DSINH(x) 
test interval: 0.0000 through 0.5000 

MRE: 0.4336x10-18 (61.0 bits) 
RMS: 0.8776x10-19 (63.3 bits) 

DSINH(x) vs C·(DSINH(x+1)+DSINH(x-1)) 
test interval: 3.0000 through 0.8803x102 

MRE: 0.8643x10-18 ' (60.0 bits) 
RMS: 0.2736x10-18 (61. 7 bits) 

DSQRT(x -x)-x 
test interval: 0.7071 through 1.0000 

MRE: 0.3064x10-18 (61.5 bits) 
RMS: 0.7383x10-19 (63.6 bits) 

DSQRT(x ·x)-x 
test interval: 1.0000 through 1.4140 

The result is exact. 

DTAN(x) vs 2·TAN(x/2)/(l-DTAN(x/2)2) 
test interval: 0.1885x102 through 0.1963x102 

MRE: 0.1262x10-17 (59.5 bits) 
RMS: 0.3402x10-18 (61.4 bits) 

DTAN(x) vs 2-DTAN(x/2)/(l-DTAN(x/2)2) 
test interval: 2.7490 through 3.5340 

MRE: O.1216xlO-17 (59.5 bits) 
RMS: O.2492xlO-18 (61.8 bits) 

DTAN(x) vs 2-DTAN(x/2)/(l-DTAN(x/2)2) 
test interval: 0.0000 through 0.7854 

MRE: 0.1094xlO-17 (59.7 bits) 
RMS: 0.3331xlO-18 (61.4 bits) 
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DTANH(x) vs (DTANH(x-1/B) +DTANI-I(1/8) )/( 1 +DTANH(x-1/8)DTANH(1/8» 
test interval: 0.1250 through 0.5493 

MRE: 0.8436x10-18 ·(60.0 bits) 
RMS: 0.2150x10·18 (62.0 bits) 

DTANH(x) vs (DTANH(x-1/B) +DTANH(1/8) )/(1 +DTANH(x-1/8)DTANH(1/B» 
test interval: 0.6743 through 0.2253x102 

MRE: 0.4952x10··18 (60.B bits) 
RMS: 0.1966x10- 18 (62.1 bits) 

EXP(x-0.0625) vs EXP(x)/EXP(0.0625) 
test interval: -0.2841 through 0.3466 

MRE: O.1489xlO-7 (26.0 bits) 
RMS: 0.5BOlx10-8 (27.4 bits) 

EXP(x-2.8125) vs EXP(x)/EXP(2.8125) 
test interval: -3.4660 through -0.6931xl02 

MRE: 0.1489xlO- 7 (26.0 bits) 
RMS: 0.5879xl0--8 (27.3 bits) 

EXP(x-2.8125) vs EXP(x)/EXP(2.8125) 
test interval: 6.9310 through 0.8792xl02 

MRE: O.2108xlO-7 (25.5 bits) 
RMS: 0.576BxlO-8 (27.4 bits) 

EXP3. (xLO vs x) 
test interval: 0.5000 through 1.0000 

The result is exact. 

EXP3. (XSQ1.5 vs XSQ ·x) 
test interval: 0.5000 through 1.0000 

MRE: 0.1487xlO-7 (26.0 bits) 
RMS: 0.5433xl0 8 (27.5 bits) 

L~XP3. (XSQ1.5 vs XSQ ·x) 
test interval: 1.0000 through 0.5541xl013 

MHE: O.1461xlO-7 (26.0 bits) 
RMS: 0.5347x10-8 (27.5 bits) 

EXP3. (xY vs XSQy/2) 
test interval: 0.1.000xlO-1 through 0.1000xl02 for x 

-0.1942xl02 through 0.1942xl02 for y 
MRE: 0.2065xl0 7 (25.5 bits) 
RMS: 0.3572xlO-8 (28.0 bits) 

GACOS(x) vs Taylor Series 
test interval: -1.0000 through -0.7500 

MRE: 0.2869xlO-·17 (58.3 hits) 
H1\1S: 0.1515xlO-17 (59.2 bits) 

GACOS(x) vs Taylor Series 
test interval: 0.7500 through 1.0000 

MRE: O.3443xlO- 17 (58.0 hits) 
HMS: 0.4924xlO·18 (60.B bits) 
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GACOS(x) vs Taylor Series 
test interval: -0.1250 through 0.1250 

MRE: 0.2399x10-17 (58.5 bits) 
RMS: O.1297x10-17 (59.4 bits) 

GASIN(x) vs Taylor Series 
test interval: 0.7500 through 1.0000 

MRE: 0.3457x10-17 (58.0 bits) 
RMS: 0.1452x10-17 (59.3 bits) 

GASIN(x) vs Taylor Series 
test interval: -0.1250 through 0.1250 

MRE: 0.3462x10-17 (58.0 bits) 
RMS: 0.4997x10-18 (60.8 bits) 

GATAN(x) vs truncated Taylor Series 
test interval: -O.6250x10-1 through 0.6250x10-1 

MRE: 0.3389x10-17 (58.0 bits) 
RMS: 0.3674x10-18 (61.2 bits) 

GATAN(x) vs GATAN(1/16)+GATAN«x-1/16)/(1+x/16)) 
test interval: 0.6250x10-1 through 0.2679 

MRE: 0.3899x10-17 (57.8 bits) 
RMS: 0.1436x10-17 (59.3 bits) 

2 ·GATAN(x) vs GATAN(2x/(1-x·x)) 
test interval: 0.2679 through 0.4142 

MRE: 0.3308x10-17 (58.1 bits) 
RMS: 0.1601x10-17 (59.1 bits) 

2 ·GATAN(x) vs GATAN(2x/(1-x·x)) 
test interval: 0.4142 through 1.0000 

MRE: 0.4360x10-17 (57.7 bits) 
RMS: 0.9839x10-18 (59.8 bits) 

GCOS(x) vs 4·GCOS(x/3)3_3·GCOS(x/3) 
test interval: 0.2199x102 through 0.2356xl02 

MRE: 0.4779x10-17 (57.5 bits) 
RMS: 0.1515x10-17 (59.2 bits) 

GCOSH(x) vs C·(GCOSH(x+1)+GCOSH(x-1)) 
test interval: 3.0000 through 0.7091x103 

MRE: 0.4770x10-17 (57.5 bits) 
RMS: 0.1712x10-17 (59.0 bits) 

GCOSH(x) vs Taylor Series expansion of GCOSH(x) 
test interval: 0.0000 through 0.5000 

MRE: O.3469x10-17 (58.0 bits) 
RMS: 0.1234x10-17 (59.5 bits) 

GCOT(x) vs (GCOT(x/2)2_1)/(2·GCOT(x/2)) 
test interval: 0.1885xl02 through 0.1963x102 

MRE: 0.7609x10-17 (56.9 bits) 
RMS: 0.2096x10-17 (58.7 bits) 
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GEXP(x-2.8125) vs GEXP(x)/GEXP(2.8125) 
test interval: 6.9310 through 0.7090x103 

MRE: 0.4706x10--17 (57.6 bits) 
RMS: 0.1391x10- 17 (59.3 bits) 

GEXP(x-2.8125) vs GEXP(x)/GEXP(2.8125) 
test interval: -3.4660 through -0.6682x103 

MRE: 0.4690x10-17 (57.6 bits) 
RMS: 0.1395x10-17 (59.3 bits) 

GEXP(x-0.0625) vs GEXP(x)/GEXP(0.0625) 
test interval: -0.2841 through 0.3466 

MRE: 0.3469x10--17 (58.0 bits) 
RMS: 0.1384x10-17 (59.3 bits) 

GEXP3. (xl.O vs x) 
test interval: 0.5000 through 1.0000 

The result is exact. 

GEXP3. (XSQ1.5 vs XSQ ·x) 
test interval: 0.5000 through 1.0000 

MRE: 0.3464x10-17 (58.0 bits) 
RMS: 0.1334x10--17 (59.4 bits) 

GEXP3. (XSQ1.5 vs XSQ ·x) 
test interval: 1.0000 through 0.4479x10103 

l\1RE: 0.3464x10-17 (58.0 bits) 
RMS: 0.1347x10-17 (59.4 bits) 

GEXP3. (xY vs XSQy/2) 
test interval: 1.0000 through 0.1000x102 for x 

-O.1543x103 through 0.1543x103 for y 
MRE: 0.3371xlO··16 (54.7 bits) 
RMS: 0.4759x10-17 (57.5 bits) 

GLOG(x) vs Taylor Series expansion of GLOG(1+y) 
test interval: 1-0.1907xlO-5 through 1+0.1907x1o-5 

MRE: 0.5771x10-17 (57.3 bits) 
RMS: 0 . .1557xlO-·17 (59,,2 bits) 

GLOG(x) vs GLOG(17x/16)-GLOG(17/16) 
test interval: 0.7071 through 0.9375 

MRE: O.3501xlO-17 (58.0 bits) 
RMS: 0.1488xlo--17 (59.2 bits) 

GLOG(x·x) vs 2·GLOG(x) 
test interval: 0.1600xl02 through 0.2400x103 

MRE: O.:~393xl017 (58.0 bits) 
RMS: 0.4781xl0- 18 (60.9 bits) 

GLOGIO(x) vs GLOGI0(11x/lO)-GLOG10(11/10) 
test interval: 0.3162 through 0.9000 

MRE: O.9112x10-17 (56.6 bits) 
RMS: 0.2560xlO-17 (58.4 bits) 

A-~8 TOPS-10/TOPS-20 Common Math Library Reference Manual 



GSIN(x) vs 3·GSIN(x/3)-4-GSIN(x/3P 
test interval: 0.0000 through 1.5710 

MRE: 0.3794xlO-17 (57.9 bits) 
RMS: 0.1394xlO-17 (59.3 bits) 

GSIN(x) vs 3·GSIN(x/3)-4·GSIN(x/3)3 
test interval: 0.1885x102 through 0.2042x102 

MRE: 0.5320x10-17 (57.4 bits) 
RMS: 0.1719x10-17 (59.0 bits) 

GSINH(x) vs C·(GSINH(x+1)+GSINH(x-1» 
test interval: 3.0000 through 0.7091x103 

MRE: 0.5035x10-17 (57.5 bits) 
RMS: 0.1730x10-17 (59.0 bits) 

GSINH(x) vs Taylor Series expansion of GSINH(x) 
test interval: 0.0000 through 0.5000 

MRE: 0.3459x10-17 (58.0 bits) 
RMS: 0.2973x10-18 (61.5 bits) 

GSQRT(x ·x)-x 
test interval: 0.7071 through 1.0000 

MRE: 0.2450x10-17 (58.5 bits) 
RMS: 0.6269x10-18 (60.5 bits) 

GSQRT(x -x)-x 
test interval: 1.0000 through 1.4140 

The result is exact. 

GTAN(x) vs 2·GTAN(x/2)/(1-GTAN(x/2)2) 
test interval: 2.7490 through 3.5340 

MRE: 0.6827x10-17 (57.0 bits) 
RMS: O.2028x10-17 (58.8 bits) 

GTAN(x) vs 2-GTAN(x/2)/(l-GTAN(x/2)2) 
test interval: 0.1885x102 through 0.1963x102 

MRE: 0.9834x10-17 (56.5 bits) 
RMS: 0.2760x10-17 (58.3 bits) 

GTAN(x) vs 2-GTAN(x/2)/(1-GTAN(x/2)2) 
test interval: 0.0000 through 0.7854 

MRE: 0.9663x10-17 (56.5 bits) 
RMS: O.2678x10-17 (58.4 bits) 

GTANH(x) vs (GTANH(x-1/8)+GTANH(1/8»/(1+GTANH(x-l/8)GTANH(1/8» 
test interval: 0.1250 through 0.5493 

MRE: 0.4684xlO-17 (57.6 bits) 
RMS: O.1608xlO-17 (59.1 bits) 

GTANH(x) vs (GTANH(x-1/8) +GTANH(1/8) )/(l+GTANH(x-1/8)GTANH(1/8» 
test interval: 0.6743 through 2149x102 

MRE: O.3750xlO-- t7 (57.9 bits) 
RMS: 0.1621x10- 17 (59.1 bits) 
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SIN(x) vs 3 SIN(x/3)-4-SIN(x/~))3 
test interval: 0.0000 through 1.5710 

MRE: 0.1934x10- 7 (25.6 bits) 
RMS: 0.5980x1o--s (27.3 bits) 

SIN(x) vs 3-SIN(x/3)-4-SIN(x/3)3 
test interval: 0.1885x102 through 0.2042x102 

MRE: 0.2736x10- 7 (25.1 bits) 
RMS: O.6923xlO-8 (27.1 bits) 

SINH(x) vs C -(SINH(x+1)+SINH(x-1» 
test interval: 3.0000 through 0.8803x102 

MRE: O.3020x10-7 (25.0 bits) 
RMS: 0.7083x10-8 (27.1 bits) 

SINH(x) vs Taylor Series expansion of SINH(x) 
test interval: 0.0000 through 0.5000 

MRE: 0.1479x10--7 (26.0 bits) 
RMS: 0.1143xlO-s (29.7 bits) 

SQRT(x -x)-x 
test interval: 0.7071 through 1.0000 

The result is exact. 

SQRT(x ·x)-x 
test interval: 1.0000 through 1.4140 

The result is exact. 

TAN(x) vs 2·TAN(x/2)/(l-TAN(x/2)2) 
test interval: O.1885xl02 through 0.1963xl02 

MRE: O,3059xlO-7 (25.0 bits) 
RMS: 0.1039xlO-7 (26,5 bits) 

TAN (x) vs 2-TAN(x/2)/(1-TAN(x/2)2) 
test interval: 2.7490 through 3.5340 

MRE: O.2940x10-7 (25.0 bits) 
RMS: 0.7439x10--s (27.0 hits) 

TAN(x) vs 2-TAN(x/2)/(l--TAN(x/2)2) 
test interval: 0.0000 through 0.7854 

MRE: O.2994xlo--7 (25.0 bits) 
Rl\IS: 0.1074x10--7 (26.5 bits) 

TANH(x) vs (TANH(x--l/8)+TANH(1/8»/(1+TANH(x-1/8)TANH(1/B» 
test interval: 0.1250 through 0.5493 

MRE: 0.2020x10-7 (25.6 bits) 
RMS: O.6944x10-8 (27.1 bits) 

TANH(x) vs (TANH(x-l/8)+TANH(1/8»/(1+TANH(x-1/B)TANH(1/B» 
test interval: 0.6743 through O.1040xl02 

IV1RE: O.2156xlO- 7 (25.5 bits) 
HMS: O.6360xlo--s (27.2 bits) 



Appendix B 
Using the Common Math Library with MACRO 
Programs 

The Math Library was designed to be used mainly by compiler-level lan­
guages. The object-time systems of such languages have facilities to handle 
error conditions that may occur when a routine from the Math Library is 
executed. MACRO programmers must include such facilities in their pro­
grams. 

There are two facilities necessary for use of the Math Library: a trap handler 
and an error handler. The trap handler is needed, since under certain circum­
stances the Math Library executes floating-point instructions which may 
overflow or underflow. In these cases, the library routines expect that the 
result will be set to the largest possible number for floating overflow, or set to 
zero for underflow. The central processor does not set the results - the over­
flows and underflows must be detected by the APR trapping system and 
interpreted by the trap handler. If the overflow/underflow settings are not 
done properly, the math routine in question will very likely return mathemati­
cally incorrect results. 

The error handler is a general error printout routine. It is called by the Math 
Library when the arguments passed to a Math Library routine are out of range 
or otherwise incorrect. 

Provided with the Math Library are modules for handling APR traps and 
properly setting the results (MTHTRP) and for providing error handling and 
reporting (MTHDUM). A MACRO program must initialize these modules 
before using any other components of the Math Library, as follows: 

PUSHJ 
PUSHJ 

P,%TRPIN## 
P,%ERINI## 

;INITIALIZE TRAP HANDLER 
;INITIALIZE ERROR HANDLER 
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ABS routine, 9-4 
Absolute value 

complex, 9-7 

A 

double-precision D-floating-point, 9-8 
. double-precision G-floating-point, 9-9 

double-precision, 
D-floating-point, 9-5 
G-floating-point, 9-6 

integer, 9-3 
single-precision, 9-4 

Accuracy tests, 1-14 
ACOS routine, 6-4 
AIMAG routine, 15-4 
AINT routine, 11-9 
ALOG routine, 3-3 
ALOG10 routine, 3-5 
AMAXO routine, 14-5 
AMAX1 routine, 14-6 
AMINO routine, 14-11 
AMINI routine, 14-12 
AMOD routine, 12-6 
ANINT routine, 11-6 
Arc cosine 

double-precision, 
D-floating-point,6-7 
G-floating-point, 6-11 

single-precision, 6-4 
Arc sine 

double-precision, 
D-floating-point, 6-5 
G-floating-point, 6-9 

single-precision, 6-3 
Arc tangent 

double-precision, 
D-floating-point, 6-17 
G-floating-point, 6-21 

single-precision, 6-13 

ASIN routine, 6-3 
ATAN routine, 6-13 
ATAN2 routine, 6-15 
Average relative error, 1-14 

B 

Base-10 logarithm, 
double-precision, 

D-floating-point, 3-9 
G-floating-point, 3-13 

single-precision, 3-5 

c 

CABS routine, 9-7 
Calling sequence, 1-13 
CCOS routine, 5-21 
CDABS routine, 9-8 
CDCOS routine, 5-25 
CDEXP routine, 4-11 
CDLOG routine, 3-17 
CDSIN routine, 5-23 
CDSQRT routine, 2-11 
CEXP routine, 4-9 
CEXP2. routine, 4-22 
CEXP3. routine, 4-34 
CFDV routine, 15-7 
CFM routine, 15-6 
CGABS routine, 9-9 
CGCOS routine, 5-29 
CGEXP routine, 4-13 
CGLOG routine, 3-19 
CGSIN routine, 5-27 
CGSQRT routine, 2-13 
CLOG routine, 3-15 
CMPL.C routine, 10--23 
CMPL.D routine, 10--21 
CMPL.G routine, 10--22 
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CMPL.I routine, 10-19 
CMPLX routine, 10-20 
Cody, W. J., 1-15, A-I 
Cody and Waite, Software Manual for 

Elementary Functions, 5-32, 5-34, 
5-36,5-38,5-40 

Complex, 
absolute value, 9-7 
conjugate, 15-5 
conversion, 

complex to complex, 10-23 
cosine, 5-21 
data types, 1-12 
division, 15-7 
double-precision D-floating-point, 1-12 

absolute value, 9-8 
cosine, 5-25 
exponential, 4-11 
natural logarithm, 3-17 
sine, 5-23 
square root, 2-11 

double-precision G-floating-point, 1-12 
absolute value, 9-9 
cosine, 5-29 
exponential, 4-13 
natural logarithm, 3-19 
sine, 5-27 
square root, 2-13 

exponential, 4-9 
exponentiation, 

complex to complex, 4-34 
complex to integer, 4-22 

multiplication, 15-6 
natural logarithm, 3-15 
number, 

imaginary part, 15-4 
real part, 15-3 

product, 15-6 
quotient, 15-7 
sine, 5-19 
square root, 2-9 

Computer Approximations, 
Hart et.al., 3-4, 3-6, 6-14, 6-18, 6-22 

CONJ routine, 15-5 
Conjugate 

complex, 15-5 
Conversion 

complex to complex, 10-23 
double-precision, 

D-floating-point to complex, 10-20 
D-floating-point to G-floating-point, 

10-17, 10-18 
D-floating-point to integer, 10-5 

2-lndex 

Conversion (Cont.) 
D-floating-point to single-precision, 10-9 
G~floating-point to complex, 10-22 
G-floating-point to D-floating-point, 

10-13, 10-14 
G-floating-point to integer, 10-6 
G-floating-point to single-precision, 

10-10 
integer, 

to complex, 10-19, 
to double-precision D-floating-point, 

10-11 
to double-precision G-floating-point, 

10-15 
to single-precision, 10-7, 10-8 

single-precision, 
to complex, 10-20 
to double-precision D-floating-point, 

10-12 
to double-precision G-floating-point, 

10-16 
to integer, 10-3, 10-4 

COS routine, 5-7 
COSD routine, 5-9 
COSH routine, 7-4 
Cosine, 

complex, 5-21 
double-precision D-floating-point, 5-25 
double-precision G-floating-point, 5-29 

double-precision, 
D-floating-point, 5-13 
G-floating-point, 5-17 

single-precision, 5-7, 5-9 
COTAN routine, 5-33 
Cotangent, 

double-precision, 
D-floating-point, 5-37 
G-floating-point, 5--41 

single-precision, 5-33 
Coveyan, R. R. and MacPherson, 

R. D., Journal of the ACM, #14, 8-4 
CSIN routine, 5-19 
CSQRT routine, 2-9 

D 

DABS routine, 9-5 
DACOS routine, 6-7 
DASIN routine, 6-5 
DATAN routine, 6-17 
DATAN2 routine, 6-19 



Data types, 1-10 
complex, 1-12 
double-precision, 

D-floating-point, 1-11 
G-floating-point, 1-11 

integer, 1-10 
single-precision, 1-10 

DBLE routine, 10-12 
DCOS routine, 5-13 
DCOSH routine, 7-7 
DCOTAN routine, 5-37 
DDIM routine, 12-11 
DEXP routine, 4-5 
DEXP2. routine, 4-18 
DEXP3. routine, 4-28 
DFLOAT routine, 10-11 
D-floating-point, 

absolute value, 9-5 
arc cosine, 6-7 
arc sine, 6-5 
arc tangent, 6-17 
base-l0 logarithm, 3-9 
conversion, 

to complex, 10-21 
to G-floating-point, 10-17, 10-18 
to integer, 10-5 
to single-precision, 10-9 

cosine, 5-13 
cotangent, 5-37 
data type, 1-11 
exponential, 4-5 
exponentiation, 

to D-floating-point, 4-28 
to integer, 4-18 

hyperbolic cosine, 7-7 
hyperbolic sine, 7-5 
hyperbolic tangent, 7-12 
maximum of a series, 14-7 
minimum of a series, 14-13 
natural logarithm, 3-7 
polar angle of two points, 6-19 
positive difference, 12-11 
product, 12-3 
remainder, 12-7 
rounding, 

to D-floating-point, 11-7 
to integer, 11-4 

sine, 5-11 
square root, 2-5 
tangent, 5-35 
transfer of sign, 13-5 
truncation, 11-10 

DIM routine, 12-10 

DINT routine, 11-10 
Division, complex, 15-7 
DLOG routine, 3-7 
DLOGI0 routine, 3-9 
DMAXI routine, 14-7 
DMINI routine, 14-13 
DMOD routine, 12-7 
DNINT routine, 11-7 
Double precision, 

data types, 1-11 
D-floating-point, 1-11 

absolute value, 9-5 
arc cosine, 6-7 
arc sine, 6-5 
arc tangent, 6-17 
base-l0 logarithm, 3-9 
conversion, 

to complex, 10-21 
to G-floating-point, 10-17, 10-18 
to integer, 10-5 
to single-precision, 10-9 

cosine, 5-13 
cotangent, 5-37 
exponential, 4-5 
exponentiation, 

to D-floating-point, 4-28 
to integer, 4-18 

hyperbolic cosine, 7-7 
hyperbolic sine, 7-5 
hyperbolic tangent, 7-12 
maximum of a series, 14-7 
minimum of a series, 14-13 
natural logarithm, 3-7 
polar angle of two points, 6-19 
positive difference, 12-11 
product, 12-3 
remainder, 12-7 
rounding, 

to D-floating-point, 11-7 
to integer, 11-4 

sine, 5-11 
square root, 2-5 
tangent, 5-35 
transfer of sign, 13-5 
truncation, 11-10 

G-floating-point, 1-11 
absolute value, 9-6 
arc cosine, 6-11 
arc sine, 6-9 
arc tangent, 6-21 
base-l0 logarithm, 3-13 
conversion, 

to complex, 10-22 
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Double Precision (Cont.) 
to D-floating-point, 10-13, 10-14 
to integer, 10-6 
to single-precision, 10-10 

cosine, 5-17 
cotangent, 5-41 
exponential, 4-7 
exponentiation, 

to G-floating-point, 4-31 
to integer, 4-20 

hyperholic cosine, 7-10 
hyperbolic sine, 7-8 
hyperbolic tangent, 7-13 
maximum of a series, 14-8 
minimum of a series, 14-14 
natural logarithm, 3-11 
polar angle of two points, 6-23 
positive difference, 12-12 
product, 12-4 
remainder, 12-8 
rounding, 

to G-floating-point, 11-8 
to integer, 11-5 

sine, 5-15 
square root, 2-7 
tangent, 5-39 
transfer of sign, 13-6 
truncation, 11-11 

DPROD routine, 12-3 
DSIGN routine, 13-5 
DSIN routine, 5-11 
DSINH routine, 7-5 
DSQRT routine, 2-5 
DT AN routine, 5-35 
DTANH routine, 7-12 
DTOG routine, 10-17 
DTOGA routine, 10-18 

E 

ELEFUNT tests, 1-15, A-I 
Entry points, 1-13 
Error, 

maximum relative (MRE), 1-14 
average relative (RMS), 1-14 

EXP routine, 4-3 
EXPI. routine, 4-15 
EXP2. routine, 4-16 
EXP3. routine, 4-25 
Exponential, 

complex, 4-9 
double-precision D-floating-point, 4-11 
double-precision G-floating-point, 4-13 

4--lndex 

Exponential (Cont.) 
double-precision, 

D-floating-point, 4-5 
G-floating-point, 4-7 

single-precision, 4-3 
Exponentiation, 

complex to complex, 4-34 
complex to integer, 4-22 
D-floating-point to D-floating-point, 4-28 
D-floating-point to integer, 4-18 
G-floating-point to G-floating-point, 4-31 
G-floating-point to integer, 4-20 
integer to integer, 4-15 
single-precision to integer, 4-16 
single-precision to single-precision, 4-25 

FLOAT routine, 10-8 
Functions, 

math library, 1-3 

F 

G 

GABS routine, 9-6 
GACOS routine, 6-11 
GASIN routine, 6-9 
GATAN routine, 6-21 
GATAN2 routine, 6-23 
GCOS routine, 5-17 
GCOSH routine, 7-10 
GCOTAN routine, 5-41 
GDB.n routine, 10-16 
GDIM routine, 12-12 
GEXP routine, 4-7 
GEXP2. routine, 4-20 
GEXP3. routine, 4-31 
GFL.n routine, 10-15 
G-floating-point, 

absolute value, 9-6 
arc cosine, 6-11 
arc sine, 6-9 
arc tangent, 6-21 
base-10 logarithm, 3-13 
conversion, 

to complex, 10-22 
to D-floating-point, 10-13, 10-14 
to integer, 10-6 
to single-precision, 10-10 

cosine, 5-17 
cotangent, 5-41 
data type, 1-11 
exponential, 4-7 



G-floating-point (Cont.) 
exponentiation, 

to G-floating-point, 4-31 
to integer, 4-20 

hyperbolic cosine, 7-10 
hyperbolic sine, 7-8 
hyperbolic tangent, 7-13 
maximum of a series, 14-8 
minimum of a series, 14-14 
natural logarithm, 3-11 
polar angle of two points, 6-23 
positive difference, 12-12 
product, 12-4 
remainder, 12-8 
rounding, 11-8 

to G-floating-point, 11-8 
to integer, 11-5 

sine, 5-15 
square root, 2-7 
tangent, 5-39 
transfer of sign, 13-6 
truncation, 11-11 

GFX.n routine, 10-6 
GINT. routine, 11-11 
GLOG routine, 3-11 
GLOG 10 routine, 3-13 
GMAX1 routine, 14-8 
GMIN1 routine, 14-14 
GMOD routine, 12-8 
GNINT. routine, 11-8 
GPROD. routine, 12-4 
GSIGN routine, 13-6 
GSIN routine, 5-15 
GSINH routine, 7-8 
GSN.n routine, 10-10 
GSQRT routine, 2-7 
GT AN routine, 5-39 
GTANH routine, 7-13 
GTOD routine, 10-13 
GTODA routine, 10-14 

H 

Hart et.al., Computer Approximations, 
3-4,3-6,6-14,6-18,6-22 

Hyperbolic cosine, 
double-precision, 

D-floating-point, 7-7 
G-floating-point, 7-10 

single-precision, 7-4 
Hyperbolic sine, 

double-precision, 
D-floating-point, 7-5 
G-floating-point,7-8 

Hyperbolic sine (Cont.) 
single-precision, 7-3 

Hyperbolic tangent, 
double-precision, 

D-floating-point, 7-12 
G-floating-point, 7-13 

single-precision, 7-11 

lABS routine, 9-3 
IDIM routine, 12-9 
IDINT routine, 10-5 
IDNINT routine, 11-4 
IFIX routine, 10-3 
IGNIN. routine, 11-5 

I 

Imaginary part of a complex number, 15-4 
INT routine, 10-4 
Integer, 

absolute value, 9-3 
conversion, 

to complex, 10-19 
to D-floating-point, 10-11 
to G-floating-point, 10-15 
to single-precision, 10-7, 10-8 

data type, 1-10 
exponentiation, 4-15 
maximum, 14-3, 14-4 
minimum, 14-9, 14-10 
positive difference, 12-9 
remainder, 12-5 
transfer of sign, 13-3 

ISIGN routine, 13-3 

J 

Journal of the ACM, #14, 
Coveyan, R. R. and MacPherson, R. D., 8-4 

K 

Knuth, D. E., Seminumerical Algorithms, 8-4 

L 

Logarithm, see natural logarithm, 
base-10 logarithm 

LSB (least significant bit) error distribution, 
1-15 

M 

MACRO programs, using the math 
library with, B-1 
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Math library, 
functions, 1-3 
restrictions, 1-8 
with MACRO programs, B-1 

Mathematical names, 1-9 
Mathematical symbols, 1-9 
MAXO routine, 14-3 
MAXI routine, 14-4 
Maximum of a series, 

double-precision, 
D-floating-point, 14-7 
G-floating-point, 14-8 

integer, 14-3, 14-4 
single-precision, 14-5, 14-6 

Maximum relative error, 1-14 
MINO routine, 14-9 
MINI routine, 14-10 
Minimum of a series, 

double-precision, 
D-floating-point, 14-13 
G-floating-point, 14-14 

integer, 14-9, 14-10 
single-precision, 14-11, 14-12 

MOD routine, 12-5 
MRE (maximum relative error), 1-14 
Multiplication, complex, 15-6 

N 

Names, mathematical, 1-9 
Natural logarithm 

complex, 3-15 
double-precision D-floating-point, 3-17 
double-precision G-floating-point, 3-19 

double-precision, 
D-floating-point, 3-7 
G-floating-point, 3-11 

single-precision, 3-3 
Newton-Raphson method, 2-4, 2-6, 2-8 
NINT routine, 11-3 

p 

Polar angle of two points, 
double-precision, 

D-floating-point, 6-19 
G-floating-point, 6-23 

single-precision, 6-15 
Positi ve difference, 

double-precision, 
D-floating-point, 12--11 
G-floating-point, 12-12 

integer, 12-9 
single-precision, 12-10 

6-lndex 

Precision, 1-10 
Product, 

complex, 15-6 
double-precision, 

D-floating-point, 12-3 
G-floating-point, 12-4 

Q 

Quotient, complex, 15-7 

R 

RAN routine, 8-3 
Random number generator, 8-3 

spectral test with, 8-3 
with shuffiing, 8-5 

Random number seed, 
saving, 8-7 
setting, 8-6 

RANS routine, 8-5 
REAL routine, 10-7 
REAL.C routine, 15-3 
Real part of a complex number, 15-3 
Register usage, 1-13 
Relative error 

average (RMS), 1-1.4 
maximum (MRE), 1-14 

Remainder, 
double-precision, 

D-floating-point, 12-7 
G-floating-point, 12-8 

integer, 12-5 
single-precision, 12-6 

Restrictions, math library, 1-8 
Return location, 1-13 
RMS (root mean square), 1-14 
Root mean square (RMS), 1-14 
Rounding, 

double-precision, 
D-floating-point, 

to D-floating-point, 11-7 
to integer, 11-4 

G-floating-point, 
to G-floating-point, 11-8 
to1nteger, 11-5 

single-precision, 
to integer, 11-3 
to single-precision, 11-6 

s 

Saving random number seed, 8-7 
SAVRAN routine, 8-7 



Seminumerical algorithms, 
Knuth, D. E., 8-4 

SETRAN routine, S--6 
Setting random number seed, S--6 
SIGN routine, 13-4 
Sign, transfer, 

double-precision, 
D-floating-point, 13-5 
G-floating-point, 13-6 

integer, 13-3 
single-precision, 13-4 

SIN routine, 5--3 
SIND routine, 5--5 
Sine, 

complex, 5--19 
double-precision D-floating-point, 5-23 
double-precision G-floating-point, 5-27 

double-precision, 
D-floating-point, 5-11 
G-floating-point, 5-15 

single-precision, 5-3, 5-5 
Single-precision, 

absolute value, 9--4 
arc cosine, 6-4 
arc sine, 6-3 
arc tangent, 6-13 
base-10 logarithm, &-5 
conversion, 

to complex, 10--20 
to D-floating-point, 10--12 
to G-floating-point, 10--16 
to integer, 10--3, 10-4 

cosine, 5-7, 5-9 
cotangent, 5--33 
data type, 1-10 
exponential, 4-3 
exponentiation, 

to integer, 4-16 
to single-precision, 4-25 

hyperbolic cosine, 7-4 
hyperbolic sine, 7-3 
hyperbolic tangent, 7-11 
maximum of a series, 14-5, 14-6 
minimum of a series, 14-11, 14-12 
natural logarithm, 3-3 
polar angle of two points, 6-15 
positive difference, 12-10 
remainder, 12-6 

Single-precision (Cont.) 
rounding, 

to integer, 11-3 
to single-precision, 11-6 

sine, 5-3, 5-5 
square root, 2-3 
tangent, 5-31 
transfer of sign, 13-4 
truncation, 11-9 

SINH routine, 7-3 
SNGL routine, 10--9 
Software Manual for Elementary Functions, 

Cody and Waite, 5--32, 5-34, 5-36, 5-38, 
5-40 

Spectral test with random number generator, 
8-3 

SQRT routine, 2-3 
Square root, 

complex, 2-9 
double-precision D-floating-point, 2-11 
double-precision G-floating-point, 2-13 

double-precision, 
D-floating-point, 2-5 
G-floating-point, 2-7 

single-precision, 2-3 
Symbols, mathematical, 1-9 

TAN routine, 5-31 
Tangent, 

T 

double-precision, 
D-floating-point, 5-35 
G-floating-point, 5-39 

single-precision, 5-31 
TANH routine, 7-11 
Test interval, 1-14 
Tests, accuracy, 1-14 
Transfer of sign, 

double-precision, 
D-floating-point, 13-5 
G-floating:.point, 13-6 

integer, 13-3 
single-precision, 13-4 

Truncation, 
double-precision, 

D-floating-point, 11-10 
G-floating-point, 11-11 

single-precision, 11-9 
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READER'S COMMENTS 

TOPS-10/TOPS-20 
Common Math Library 

Reference Manual 
AA-M400A-TK 

NOTE: This form is for document comments only. DIGITAL will use comments submitted on 
this form at the company's discretion. If you require a written reply and are eligible to 
receive one under Software Performance Report (SPR) service, submit your com­
ments on an SPR form. 

Did you find this manual understal1dable, usable, and well-organized? Please make sugges-
tions for improvement. ' " ' 

Did you find errors in this manual? If so, specify the error and the page number. 

Please indicate the type of reader that you most nearly represent. 

o Assembly language programmer 
o Higher-level language programmer 
o Occasional programmer (experienced) 
o User with little programming experience 
o Student programmer o Other (please specify) ___________________ _ 

Name _______________________________________________________________ Oate __________________ _ 

Organization Telephone ________ _ 
Street ________________________________________________________________________________________________ __ 

City ________________________________________________________ State __________ Zip Code __ _ 

or Country 
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