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1.1 PREFACE TO REVISION E

Revision € of the Common Modules Mathematical Library {(CMML) External
Reference Specification {ERS) describes CMML capabilities at Release
14143« This revision incorporates Ffeatures that were specified in
approved DAPs and other corrections and clarifications to the text since
the last complete update of the ERS.

The mathematical functionss, COTANs EXTB» and INS8 {(DAP 54945) are new
features for Release 1l.1.3., Their error numbers have been changed from
the ones specified in the DAP., The VAX_to_7180 conversion routines (DAP
S4821) were released at 1l.1.2.

1.2 SCOPE

The €180 Mathematical Librarys as definad in this document, is called
the Common Modules Math Library {(CMML)s but is commonly referred to as
MATHLIB or the Math Library. It is a collection of mathematical
functions and routiness, numeric and data conversion routines, and
assembly language support system {(ALSS) routines that provide access to
some machine language instruction capabilities not otherwise available
to non—assembly language programs., The numeric conversion and assembly
fanguage support routines wWwill be referred to jointly as the CMML Common
Support routines in this document.

This document gives the external specifications of the CMML but aiso
includes some internal details because of its: frequent wuse by product
set developerse. The ALSS routines formerly snecified in DCS document
$3410» have been incorporated here because they are now a standard part
of the CMML. The CMML common support modules are discussed separately
from the mathematical functions because they differ in linkage interface
and error handling.

Three appendices are included. Appendix A contalins the CLYBIL constant
and type declarations needed by the numneric-conversion and ALSS
routines, Appendix B contains the error nessage templates used by the
mathematical functions and routines. Appendix U contains a {isting of
the file used in converting CMML's common deck PL from MADIFY format to
SCU format.

This document does not include information an the algorithms used by
CMML routines or error analyses of these routiness,: The algorithms are
in a state of fluxy, and the tools needed for’ error’ analyses do not
currently exist. This information wil!l ba oublished in the CMML
Reference Manual.,.
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For performance reasonss most of the CMML rboutines widl be written in
{180 assembly tanguage. Some of the accessory and error processing code
will be written in CYBIL.

1.3 REFERENCES

- _— -

» Cyber 180 Mainframe Model-Independent 5Genar@al Design Specification
(MIGDS) DCS Log Id ARH1700.

« Cyber 180 System Interface Specification (SIS) DCS Log Id 52196,
« CMML Assembly-Language Support System (ALSS) DCS Log Id S$S3410,

+» VAX File Migration DAP, DCS Log Id 54743,

« CMML VAX to C180 Conversion Routines DA%, DCS Log Id S4821.

» CMML ERS C180 Product Set and CDC FDRTRAN DAP, DCS Log Id 54945,
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2.0 MATHEMATICAL FUNCTIONS AND ROUTINES

2.1 INTRODUCTION

T S - >

The Mathematical Routines of CMML are used tn evaluate commonty
occurring mathematical FfFunctions and operatiosnss and those required by
the various language standards.,. All mathematical routines will be
Written in C180 Assembly Language {exceptions to this #ill be specified
in the IPP updatel,

Many of the functions of the Math Library will be implementad in~line by
€180 products, The in-1line version of a function returns the same
rasult {for the same argument 1ist) as the Math Library.

2.2 NUMBER TYPES

A N - -

The mathematical routines deal with computations upon Ffour different
number types:

1. INTEGER

An integer number is a one=-word right-justi®fied two's complement H4-bit
representation of a value with a magnitude in the range from -=-2*%%$63 to
2%%63-1.,

{Reference the C180 MIGDS» section 2.2+:2.)
Al integers are considered standard forms.
2« SINGLE {(single precision floating point)

A single precision floating point number consists of a sign bits S»
which is the sign of the fractions a signed hiased exponent (15 bits),
and a fraction (48 bits) which is also called a coefficient or a
mantissa. {Reference the C180 MIGDS, section 2.4.1.)

Single precision floating point {(real) numbers in the €180 consist of
two typess {not including coefficient sign)s standard and non-standard.,

The standard numbers are those With axponents in the range
3000(16)as4FFF{16)y inclusivesy which have a non=-zero fraction. Standard
numbers also come in two typess normalized and unnormalized. A

normalized standard number has a one in bhit position 16 {i.e.» the most
significant bit of the fraction).

The range in magnitudes M» covered by standard, normal ized single
precision numbers is

. me G -
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2¥%=-4097 <= M K= (1-2%%-48) * 2%¥%40D095
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{Approximately 14.4 decimal digits of arécision);
Non-standard floating point numbers have many ranresentations;
+/=INF f S»5000000000000000(16) 1)
+/-Infinite Floating point numbers having exponents in the range

5000{16)..6FFF{16).

+/-IND L S»7000000000000000(16) 1
+/=-Indefinites Floating point numbers having exoonents in the range
INDEF T000(16)aTFFF(16).

Zero {71) Lero: Floating point numbers having exponents in the
range 0000(16)..0FFF(16).,

Zero {72) Underfiows zero: Filoating polint numbers having
exponents in the range 1000(1B).L2FFF{16),.

Zero (23) Zeros An unnormalized floating point number with a
zero fraction and a standard exponent,:

Zero (0) lero: A sign bit followed by 53 zero bits,

(Reference the €180 MIGDS» Section 2.4+1e2-2.%4:1+.3 and Table 2.4-1 for a
full discussion of floating point numbers.)

3. DOUBLE (precision floating point)

A double precision floating point number consists of two wordss both of
which are single precision numbers. The coefficient of the second word
Is considered to be an extension of tha fraction of the first word,
yielding a 96-bit fraction,

The exponent of the second word must be jidentical to that of the first
worda.

The tvype of the first single number determines the type of the double
number.

The range in magnitudes Ms <covered by standards, normalized double
precision numbers is

2%%k=4097 <= M K= {(1=-2%%-96) * 2%%4)95
{Approximately 28.9 decimal digits of orecision).,

4. COMPLEX

.
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A complex number consists of two words» each a single precision floating
point number. The first word represents the real oart of the complex
numbers the second word represents the imaginary part,

A complex number is considered to be +/-INDEF- §f oaither the real or
imaginary part is +/~-INDEF. Similariys a complex number is considered
to be +/~INF if either the real or imaginary part is +/-INF,

2+3 GENERAL RULES

- ——— o " A~ -

The following general rules apply to the use »2f these pumber forms in
computationai operations within the Math Library:

Ruie number one?
Unless specifically documented otherwises if a standard number of the
appropriate type is employed in a computational operations a standard
number of the appropriate type witl result, The dncumented exceptions
to this cover such things as computing an answer which exceeds the
limits of the standard formss, or performing a mathematically invalid
operation,

Rule number two:
Unless specifically documented otherwises if either:

a.) A non-standard numbers other than zers {(0), is empioyed in a
computational operation, or

be) The documented limits in rule numher one above are exceeded,
error handling {(see below) will occur.! The documented exceptions
to this cover some cases wherein various non-standard numbers are
within the domain of the function.

These two rules define the 1imits of CDC suoport in the area and aiso
the completeness of the supporting documentation,!

2+4 DOCUMENTATION CONVENTIONS

- T W —

Certain conventions and definitions are observed in this document.

« Symbolic names are always delimited by blankss, and any alphabetic
fetters appearing therein are in upper’ case,

« Both * and two quantities separated by a c¢omna and enclosed in
parentheses denote juxtaposition and are used in referring to
compliex or doubie precision quantities.
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+» All values given are in decimal, unless otherwise notad., When bit
configurations are listeds the radix may he tisted in parentheses
after the string.

+ An argument {ist is an ordered n-~tupl2 of arjuments (X1 » eas>s
Xnls, where X1 » ases» Xn are the arguments in order., For
conveniences we jdentify arguments with corresponding one-member
argument Jists.

« The domain of an entry point is the conllection of argument lists
for u;;;g-;hat entry point has been designad to return meaningful
results without generating an error condition.!

» The range of an entry point is the cotlection of results obtained

- - -

by entering members of the domain intn the entr’'y point,

+ Arguments of trigonometric functions and results of inverse
trigonometric functions are measured in radians, unless otherwise
noted,

« The symbol * denotes multiplications /7 denntes divisions and k%
denotes exponentiation,

2+5 LINKAGE INTERFACE

The mathematical routines are functions that return a3 single valfue to
the caller. Their linkage interface conforns: to the SIS conventions for
scalar functions whose values are of known length tess than or equal! to
128 bits.

Two modes of entry are provideds; a call=-by=-re2ference J|linkage and a
cali-by-value 1linkage, Under catll-by~-references register A4 points to
the actual parameter list. Under cati-by-values, the suyccessive words of
the successive arguments are 1aid out contiguously in the X registerss
beginning with X2» as described for register call functions in the 5SIS.
For examples the <calling sequence to MLPSVITND uses registers X2» X3,
X4y where X2 hoids the integer base, and X3%X4 holds the doubie
precision exponent. {This is in accordance with the SIS for 180
software.) Calls to the mathematical routines are by CALLSEG or CALLREL
£180 instructions, and return is via the C18) RETURNY instruction.

Upon normal returny resuit values are returned in r'egisters XE and XF.
64=-bit results (type INTEGER and SINGLE) are returned in XF. 128=-bit
results {(type DOUBLE and COMPLEX) are returned in XE®XF (also denoted



{XE»XF))s For type DOUBLEs the most significant part will be in XE,.
For type COMPLEX» the the real part will ba in: XE,
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2.6 ERROR HANDLING

- -

Error recovery is the response of the C180 Math Library to the detection
of an argument list or result ocutside the domaitn of the function. There
are two modes of error recoverys depending on: whether the c¢alling
sequence was cali-by-reference or call-by-value,.

2261 CALL-BY-REFERENCE

Under cali-by—-references the Math Library will generate the special
software condition MATH_LIBRARY_ERRQOR.

When an error occurs in a CMML function under call=-by-references the
following events ogccur?

1. An appropriate abnormal status is set into global variable
MLVSSTATUS {of type DOSTSSTATUS).,

2« The appropriate default error value lindicated in the function
descriptions) is oplaced in the result ragister{s) (XF or XE™XF).
Register A4 will contain the pointer to the the oparameter list
passed to the call-by-reference routine, Register XD will contain
the number of parameters for the cali-by-refarence routine, for
exampley 1 for MLPSRSINs 2 for MLO3RZITDNZ. The User {ondition
Register will be cleared of all arithmnetic errors.

3. Ungated routine MLPSERROR_PROCESSOR is called with all registers
saved in the save area,

4e MLPIERROR_PROCESSOR <calils PMPICAUSE_TONDITINN with user condition
MATH_LIBRARY_ERROR and a pointer to the previous save area ({the
registers saved by the call-by—-reference routine) as the condition
descriptor.,

5 Upon return from PMPSCAUSE_CONDITION, MLPS$ERRQOR_PROCESSOR is
exited if the returned status is normal, Otherwise PMP$ABORT is
callied with one of two statuses., Status MLVESTATUS s wused if
there is no established condition handlier for’ MATH_LIBRARY_ERROR,
Otherwise the status returned from PMP$TAUSE_CONDITION is used.

6« The call-by-reference routine Iimmediately returns if it is
returned to.



The mathematical library error numbers and message teamplates are fisted
in Appendix Bs. Al} error numbers starting #ith A7 uhich are currently
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undefined are reservéd for Future expansion of the Math Library.
2+6042 CALL-BY-VALUE

Under cali-by—-vaiues a trap interrupt will he generated in the attempnt
to evaluate the function with a bad argument list.: No further support
Wwill be supplied. Note that the cati-by-valuye linkage is designed Ffor
maximum speed when the argument 1list Iis within the domain of the
function,

The error information regarding error number and error resutlt is
applicabie onily to the call by reference antry noint. The value in the
XF {or XE™XF) register is undefined in the case of a trap interrupt
occurring during execution of call-py=-valuza,!

27 RELIABILITY AND PERFORMANCE

It is desirable that computed results be accurate o the full number of
bits available to the result, Certain argument reductions may make this
prohibitively expensives e.g.s that for" DSIN» DCOS», DTAN where the
argument exceeds 2%%*47, Double precision argument reduction is done in
some cases for single precision functions in order to preserve precision
and pravious library capabitities but can influence performance.

In questions of timing versus memory requirenentss differential
proportional decreases in average execution time will be considered at
feast twice as important as the same differantial proportional decreases
in memory size. The disappearance of Floating=-ooint instructions which
round requires extra work at certain points of algorithms. Lack of
rounding in the floating=~point operations' makes exact duptication of
results obtained with the C170 Math Library impossibles, in general. As
a results programs calling math routines which are ili~-conditioned with
respect to use of those routines wili show differences in output. In
other programs, any differences will be minor’s:

2.8 MATHEMATICAL FUNCTION SPECIFICATIONS

0 - W -~ -~ —— - - - — -

In the following tables the set {N} represents the union of the sets
{all standard numbers}, {0} {21}, {22}s {73}. (N a2lone will denote the

W RS e w e ew
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fist ef all members of {N}. This is done tp simplify the notation for

s -

union. For examples {Nsx} will denote the union of {N} and {x3}.)
The set {I} is the set of all representable integerss {(Agains 1 alone
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witl denote the list of alil representable integers.,) When the result is

defined as a single or double precision numbers the set {I} is the set
of all single or doubilie numbers {N} such that the decimal representation
has onily zeros to the right of the decimal »noint.,: The symbol " <K~ " js

used to indicate "is a member of",

All references to "ilog" are natural togarithms {base e)» unless
otherwise indicated.
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2.8.,1 ABS

Functions: ABS

Description: Absolute value of a single orecision number.

Entry points: calli-by-reference MLPSRABS, ABS

call=-by-value MLPSVABS

Arguments? S1 - 3 single precision number,

Domain: S1 <= {all single numbers}

Resul t: R - a single precision number’,:

Range: R <= {all non-negative single numbers}

Error resultss no errors are generated by ABS.
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2.0 MATHEMATICAL FUNCTIONS AND ROUTINES

2.8.2 ACOS

2+8.2 ACDS
Function:
Description:

Entry points:

Arguments:

Domains

Result:

Range:

Error results:

Error Number

W AR D S D T O

670001
670002
670003

ACOS

Inverse circular cosine of a single precision number.

cali=-by-reference MLPSRACOS s ACOS
cali-by-value MLPSYACOS
S1 - a single precision nunbar,
51 <= {n ¢ In} < 1.}
R - a single precision number’,!
R <= f{n ¢t 0 < n < pi}
Arguments Resutt
S1 = +/-INDEF +IND
S1 = +/-INF +TND
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2+8¢3 AIMAG

Function: AIMAG

Description: Imaginary part of a complex number,

Entry points: call-by-reference MLPSRAIMAG, AIMAG
call=-py~-value MLPSVAIMAG

Arguments: Z1 - a complex number,

Domain: Z1 <= {all complex numbers}

Result: R - a single precision number’,

Range: R <= {all single numbers}

Error results: no errors are generated by AIMAG
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2+8.4 AINT

Function:

Description:

Entry points:

Arguments:?

Domain:

Result:

Ranget

Error results:

Error Number

Y T — - aa- -

670004
670005

AINT

Integer part of a single pracision number,
{Truncation)

cali=-by~-reference MLPSRAINT, AINT

cali-by-value MLPESVAINT
S1 - a single precision number,
S1 <~ {N}
R = a single precision number,’
R «<- {1}
Arguments Result
S1 = +/-INDEF +IND
S1 = +/-INF +IND
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2¢8+.5 ALOG
Function: ALOG
Description: Natural logarithm of a single pracision number.
Entry points: cali-py-reference MLPSRALOG, ALOG
caltl=-by=-value MLPSVALDG
Arguments: S1 - a single precision number,
Domain: S1 <= {n 2 n > 0.3}
Result: R - a single precision numhary
Range! R <= {n % §in} < 4095*%10g{2)}
Error results:
Error Number Arguments Qg;ujt
670006 S1 = +/-INDEF +IND
670007 S1 = +/-INF +IND
670008 S1 = 0. +IND

670009 S1 < 0. +IND
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24846 ALDG1O

Functions ALOG10

Description: Common logarithm of a single pracision number.

Entry pointss: call-by-reference MLP$RALOG10, ALOG1O

call-by-value MLPEVALOGLO

Arguments: S1 - a single precision numbher’

Domain: S1 <= {n : n > 0.}

Resutlt: R - a single precision number,

Range: R &= {n * tnt < 4095%1o0gi(2)}

Error results:

Error Number Arguments Qesujt
570010 S1 = +/-INDEF +IND
570011 S1 = +/-~INF +IND
670012 S1 = 0. +IND
670013 S1 < 0. +IND
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2.0 MATHEMATICAL FUNCTIGNS AND ROUTINES

2+8.7 AMOD

2+8.7 AMOD
Function:
Description:

Entry points:

Arguments:

Domain:
and

and

Result:

Range:

Error resuits:

Error Number

- - - -

670014
670015
670016
670017
570018

- - - — - -

AMOD
Remainder of a single precision asuotient,

call~-by-reference MLPSRAMOD, AMOD

calt=-by=-value MLPESVAMOD
S1 - a single precision numnber,,

§S2 = a single precision numher.,

S1 <- {N}

§2 <= {n 't n =/ 0.}

S1/752 <~ {N}

R — a single precision number,

R <= {N}

Arguments Regu}t
S1 = +/-INDEF +TND
S2 = +/-INDEF +IND
S1 = +/~-INF +IND
§S2 = +/-INF +IND
S2 = 0. +IND



670019 51752 = #/-INF +TND
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2288 ANINT

Function: ANINT

Description: Nearest integer to a single orecision number.,

Entry points: cali-by-reference MLPSRANINT, ANINT

cali-by-value MLPSVANINT

Arguments: S1 - a single precision numnber,

Domain: S1 <= {N}

Result: R - a single precision numher

Range: R <= {1}

Error results:

Error Number Arguments Result

- . —— — . v - W o S~ - —— - - - - -

670020 S1 = +/-INDEF +IND
670021 S1 = +/-INF +IND
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2+8.9 ASIN
Function: ASIN
Description: Inverse circuiar sine of a single porecision number.,
Entry points: call=-by-reference MLPSRASINs, ASIN
calli-by-value MLPESVASIN
Arguments: S1 - a single precision number,
Domains S1 <= {n 3 in} < 1.}
Result: R - a single precision number,
Range: | R <= {n * in} < pir2}
Error results:
Error Number Arguments Qgsg!t
670022 S1 = +/-INDEF +IND
670023 S1 = +/-INF +IND

670024 iS1% > 1. +IND
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28,10 ATAN
Function:
Description:

Entry points:

Arguments:

Domain:

Result:

Ranges

Error results:

Error Number

670025

AT AN

T - A W . —— "

2,0 MATHEMATICAL FUNCTIONS AND ROUTINES

85708723

- T W W D P - o = - L -

Inverse circular tangent of a single precision number.,

call-by-reference
call=-by=-vatlue

S1 - a single precision nunher,

S1 <= {N, +/-INF}

R = a single precision number’:

R <= {n s ini < pir2}

Arguments

MLPSRATAN, ATAN
MLPSVATAN

Resutlt
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28,11 ATANZ2
Function: ATANZ2
Description: Inverse circuiar tangent of a single precision auotient.
Entry points: call-by-reference MLPESRATAN2» ATAN2
call=-by-value MLPSVATANZ
Arguments: S1 - a single precision number,

S2 - a single precision number,

Domain: S1 <= {N» #/-INF}

and S2 <= {Ns» +/-INF}

and {S1s52) =7 (0e»0.)

and {S1s52) =/ {+/INFs+/INF}
Result: R - a single precision number,

Range: R <= {n : =-pi < n < pi}



Error results:

Error Number

S A W ]2 ——— -

670026
670027
670028
670029
670030

Arguments
S1 = +/-INDEF
52 = +/~INDEF
S1 = #/-INF and $2 = +/-INF

S1 = 52 = 0.
51752 = +#/-INF and S2 =/ 0

Result

+IND
+IND
+IND
+IND
+IND
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2.8.12 ATANH

- A - — A ——— -~

248412 ATANH
Function:
Description:

Entry points:

Arguments:

Domain:

Result:

Range?

AT ANH

Inverse hyperbolic tangent of a single precision number,

cali-by-reference
cali~by~-value

S1 - a single precision numnbear,

S1 <= {n : int < 1.}

R = a single precision number,!

R <= {N}

MLPSRATANH, ATANH
MLPS VATANH



Error results:

Error Number

- —— a2 -~

670031
670032
670033

€180 Common Modules Mathematical

Arguments Result
51 = +/-INDEF +IND
S1 = +/~-~INF +TND
518 > 1. +IND
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2.8.13 CABS

2+8+.13 CABS
Function:
Description:

Entry points?

Arguments:?

Domain:

Result:

_— D G A S T D S T T WS T U D B U W U W D V. U W e Ed

- - - - -

- — -

CABS
Absolute value of a complex number,

MLPSRCABS,
MLP$VCABS

cali-by-reference CABS

call-by=-value
Il - a complex number.
I1 <= {{nlsn2) :

{nl¥%2 + n2&%x2)%%172 <~ {N}}

R - a single precision numbar.



Range:

Error results:

Error Number

D T S - W - - -

670034
570035
670036

R <= {N}

Arguments Result
I1 = #/-INDEF (+IND, +IND)
Z1 = +/-INF (+IND, +IND)

iZ17 = +INF {+IND, +IND)
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2.0 MATHEMATICAL FUNCTIONS AND ROUTINES

2.8.14 CCOS

- ——

_- v - - - - - - -~

2+8414 CCOS
Functions
Description:

Entry points?

Arguments:

Domain:

€Ccos
Circular cosine of a complax number,

cali-by-reference MLP$RCCOS» CCOS
cali=-by=value MLPSVCCOS

Z1 - a compliex number.

Re{Zl) <K= {n : In? < 2%%47}



Result:

Range?

Error resultss

Error Number

- - -

670037
670038
670039
670040

670041

£180 Common Modules Mathematical

Im{Z1) <= {n ® in} < 4095%inqgl{2)}

R - a complex number.

R <~ {INsN)}

Arguments

. - -

Z1 = +/-INDEF
Z1 = +/-INF
iRe(Z1)} > 2%%47

Im(Z1) > 4095%io0g(2)

Im(Z1) < -4095%10g(2)

- ———

{+IND,

+IND)
+IND)
+IND)

+IND)

(0.! Qo,

Library (CMML) ERS

2.8.,15 CEXP

- -

2.0 MATHEMATICAL FUNCTIONS AND ROUTINES

248415 CEXP
Function:
Description:

Entry points:

CEXP

CONTROL DATA CORPORATION - COMPANY PRIVATE - Revision E

2-22
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Exponential function of a complax number,

call-py-reference

MLPSRCEXPs CEXP



call—-by~-value MLPSYCEXP
Arguments: Z1 - a complex number.
Domain: Im{21) <= {n 2 Int < 2%*%47}

Re{Zl) <K- {n n < 4095%1na{2) and

-

n > =4095%1log{2)}
Result: R -~ a compiex number.

Range:? R <= {{N>N)2}

Error results:

Error Number Arguments Resplt

670042 21 = +/-INDEF {+IND, +IND)
670043 1 = +/-INF {+INDs +IND)
670044 Im{Z1)0 > 2%%47 {+#IND, +IND)
670045 1RelZ1)! ; 409%%1o0gl2) (+#+INDy +IND)
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2.8.16 CLOG
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2.8.16 CLOG



Function: €L a6

Description: Natural logarithm of’a comolex number’,

Entry points: call~-by-reference MLPSRCLOG, CLOG
cali-by-vatue MLPSVYCLOG

Argﬁments: 1 - a complex number.,

Domain: Z1 <= {{nlsn2) : (nl*¥%2 + N2%%2)%*172 <- {N}}

Z1 <= {{nlsnl) 2 (nlysn2) =7"{D.»0.9}

Result: R - a complex number.
Range: Re(R} <- {N}

Im{R) <K= {n ¢t -pi < n < pi}

Error results:

Error Number Arguments Resp}t

670046 Z1 = +/-INDEF {+TND, +IND)
670047 Z1 = +/-INF {+IND, +IND)
670048 1713 = +INF {+IND, +IND)
670049 Z1 = (D4s04) {+INDy, +IND)

CONTROL DATA CORPORATION = COMDPANY PRIVATE - Rewision E
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2+8417 CONJG

Function: CONJG

Description: Conjugate of a complex numbar,

Entry points? call=-by-refarence MLPSRCONJIG» CONJG
cali-by=-value MLPSVCONJG

Arguments: 11 - a complex number.

Domain: Z1 ~< {all complex numbers}

Result: R - a complex number.,

Range: R <= {ail complex numbers}

Error results: no errors are generated by COMNIG.!
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2.8.,18 COS

———— -

2+8.18 COS
Function:
Description:

Entry points:

Arguments:

Domain:

Result:

Range?

Error results:

Error Number

D D T - - -

670050
670051
670052

€0sS
Circular cosine of a single precision number.

cali~-by~-reference MLPRRLCOS, COS

call=-by-value MLPSVCOS
S1 - a single precision numnher,
S1 <= {n 2 inil < 2%%47}
R - a single precision number,’
R <~ {n * in! < 1.}
Arguments Result
S1 = +/-INDEF +IND
S1 = +#7-INF +IND
S1 > 2%%47 +IND

C180 Common Modules Mathematical Library {CMML)Y ERS

- -
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248419 COSD

o - - - - A VS T T - Y -

248419 COSD
Function:
Description:

Entry points:

Arguments:

Domain:

Result:

Range:

Error results:

Error Number

- A — - -

670247
670248
670249

cosD
Circular cosine of a single precision number in degrees.,

gcalli-by-reference MLPsRCOSD, COSD

cali=-by-value MLOPSYCOSD
S1 - a single precision numnber
S1 <K= {n : ini < 2%*%47}
R - a3 singie precision number
R K= {n : Inj < 1.}
Arguments Rasutlt
S1 = +/-INDEF +IND
S1 = +/-INF +IND
1S13 > 2%%47 +IND
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28420 COSH
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2+.8.20 COSH

Function: - COSH

Description: Hyperbolic cosine of a single orecision number,

Entry points: calli-by-reference MLPSRCOSH, COSH
call-by-value MLPEVCOSH

Afguments: S1 - a single precision numbher,

Domain: S1 <= {n 2 in: < 4095*1o0g(?2})}

Resuit: R - a single precision number,

Range? R <~ {N}

Error resuits:

Error Number Arguments Resgit
670053 S1 = +/-INDEF +IND
670054 S1 = #/~INF +IND

670055 i1S13 > 4095%*log(2) +IND

-
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2.0 MATHEMATICAL FUNCTIONS AND ROUTINES

248,21 COTAN

——

2.8.21 COTAN

Function:
Descriptions

Entry points:

Arguments:?
Domain:
Result:

Range:

Error results:
Error number

670254
670255
670256
670265

COTAN
Circular cotangent of a single norecision number.

calli-by-reference MLP $RCOTAN
call=by~-value MLPSVCOTAN

S1 - a single precision numbar,
S1 <= {n & 0. < 2n] < 2%%47}

R - a single precision numbear’,

R <~ {N}

Arguments Resul t
S1 = +/-INDEF +IND
S1 = +#/-INF +IND
S1 >= 2%%47 +IND
S1 = 0. +IND

A R S B W W W N S ew W G EE W e
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2.0 MATHEMATICAL FUNCTIONS AND ROUTINES

2.8.22 CSIN

Function:
Description:

Entry points:

Arguments?

Domain:

Result:

Range:?

Error results:

Error Number

670056
670057
670058

670059

-

CSIN

Circular sine of a complex nunher,

calt-by-reference

call=-by-valuye

1 - a complex number,

Re{Z1l) <= {n

Im{Z1l) <K= {n

R = 3 complex

R <K= {{(NsN)2

Arguments

- -

Z1 = +/-INDEF
I1 = +/-INF
iRel{Z1)} >

VIm(Z1)% >

n: <

-

T oaing

number.,

2%%47

4095%lo0g{2)

2%%47}

MLPSRCSINy CSIN
MLPESVCSIN

< 4095%1o0g(2)Y)

Result

-

(+IND,
{+IND,
{+INDy

[+IND,

+IND)
+IND)
+IND)

+IND)
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248423 CSQRT
228423 CSQRT
Function: CSQRT
Description: Square root of a complex number.
Entry points: calli-by-reference MLPSRCSQRT» CSOQRT
call=by=-value MLPSVCSQRT
Arguments: Z1 - a complex number,
Domain I1 <= {{nlyn2) : {{nl*%2 + n2%%2)%%1/2) + iInl? <= {N}}
Result: R - a compiex number,
Range: R <= {{nlsn2) : nl > 0.}

Error resuits:

Error Number Arguments Result
670060 71 = +/-INDEF {+INDs +IND)
670061 Z1 = +/-INF {(+INDs +IND)

670062 1Z1i+inl) = +INF (+IND» +IND)
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28424 DABS
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2+8.24 DARS
Function:
Descriotion:

Entry points:

Arguments:

Domain:

Result:

Range:

Error results:

—— v — - - - - -

DABS
Absolute value of a double srecision number.,

cali-by-reference MLPERDABRSs DARBS
call=by-value MLPSVDABS

D1 - a double precision number,

D1 <= {all double numbers?}

R - a double precision number,

R <= {atl non=-negative double-precision numbers}

no errors are generated by DABS
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2.8425 DACOS
Functions DACOS
Description: Inverse circular cosine of a double precision number.
Entry points: catl-by-reference MLP3RDACOS» DACOS
cali=-by=-value MLPEYDACOS
Arguments: Dl - a double precision numher,
Domain D1 <= {n : ini < 1.3}
Result: R - a double precision number,
Range: R K= {n 2 0 < n < pi}

Error results:

Error Number Arguments Resplt
670063 D1 = +/7/~-INDEF {+IND, +IND)
570064 D1 = +/-=INF {+INDy, +IND)

670065 i01F > 1. (+IND, +IND)
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2.8.26 DASIN
2eB426 DASIN
Function: DASIN
Description: Inverse circular sine of a double precision number,
Entry points: call-py~-reference MLPSRDASIN» DASIN
cali=-by-value MLPSVDASIN
Arguments: D1 - a double precision number,
Domain: b1 <= {n : in? < 1.1}
Result: R = a double precision number,’
Range: R <= {n : 3Ini < pi/2}

Error results:

Error Number Arguments Result
670066 D1 = +/-INDEF (+IND, +IND)
670067 D1 = #/-INF {+INDs +IND)

670068 iD1? > 1. (+IND, +IND)
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2.8.27 DATAN

248427 DATAN
Function:
Description:

Entry points:

Arguments:

Domain:

Resuilt:

Range:

Error results:

Error Number

- — —————————— " -

670069

——— ——— - ————— - - - - - - - -

DATAN
Inverse circular tangent of a double precision number,

call-by-reference MILPSRDATAN, DATAN
cali-by-value MLPSVDATAN

D1 - a double precision number’,

D1 <= {N, +/-INF}

R - a double precision numbear,

R <= {n : iIn! < pir2}

Arguments Re;u!t

N . ——— A -~ - -

Dl = +/-INDEF +IND
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2.0 MATHEMATICAL FUNCTIONS AND ROUTINES

——

2+8.28 DATANZ
Function:
Description:

Entry points:

Arguments?

Domain:
and

and

Resuit:

Range:

Error resutts:

Error Number

670070
670071
670072
670073

DATAN2
Inverse circular tangent of a Adouble precision quotient,

call-pby-reference MLPSRDATANZ2» DATAN2
call=by=-value MLPSVDATAN?

D1 - a double precision numher,
D2 - a double precision number’,

D1 <= {N, +/-INF}
D2 <~ {N» #/-INF}

{D15D2) =/ {(0.50.)

R - a double precision number,

R <= {n : «pi < n £ pi}

Arguments Rgsu}t
D1 = +/-INDEF {+IND, +IND)
D2 = +/-INDEF (+#IND, +IND)
D1 = D2 = +/-INF (+IND, +IND)
D1 = D2 = 0. (+INDy +IND)
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2.0 MATHEMATICAL FUNCTIONS AND ROUTINES

2.8.29 DCOS

- -

28+29 DCOS
Functions
Description:

Entry points:

Arguments:

Domain:

Result:

Range:

Error results:

Error Number

0 W Y - - -

670074
570075
670076

pcas
Circular cosine of a doublas orecision number.

call-by-reference MLPSRDCOS, DCAOS

calli-by-value MLPSVYDCOS
D1 = a double precision number’,
D1 <= {n ¢ In} < 2%%47}
R - a double precision number’,
R &= {n  int < 1.}
Arguments Resp}t
D1 = +/-INDEF {+IND, +IND)
D1 = +/~-INF (+TND, +IND)
1011 > 2%%47 {+TND, +IND)
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2+8.30 DCOSH

2.8.30 DCOSH

Function? DCOSH

Description: Hyperbolic cosine of a douhle precision number,

entry points: call=-py-reference MLP3$RDCOSH,» DCOSH

cali-by-vatlue MLPSVDCOSH

Arguments: D1 - a double precision number,’

Domain: D1 <= {n 3 in} < 4095%10g(2)}

Result: R - a double precision number,

Range: R <= {N}

Error results:

Error Number Arguments Result
670077 Dl = +/~INDEF {+INDs +IND)
670078 D1 = +/-INF {+#IND, +IND)

670079 D13 > 4095%1ogl2) {(+INDs +IND)
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Function: DDIM
Description: Positive difference of tuo doubdble precision numbers.
Entry points? call=-by-reference MLPSRDDIM, DDIM
calli-by=-value MLPSYDDIM
Arguments: D1 - a double precision numbher,

D2 - a double precision nunber,

Domain: D1 <= {N}
and D2 <= {N}
and DL - D2 <K~ {N}
Result:s R - a double precision number’,

Range: R K= {n ¢t n > 0.}



Error resuits:

Error Number

670080
670081
670082
670083
670084

Arguments Result
D1 = +7-INDEF {+#IND, +IND)
D2 = +/7-INDEF {(+IND, +IND)
D1 = +/-INF [{+IND, +IND)
D2 = +7-INF {+IMD, +IND)
Dl - D2 = #/-INF {+INDs +IND)

C180 Common Modules Mathematical Library {ZTMMLY. ERS
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20 MATHEMATICAL FUNCTIONS AND ROUTINES

2.8.32 DEXP

2+8432 DEXP
Function:
Description:

Entry pointss

Arguments:

Domain:

Result:

Range:

Error results:

—— -

DEXP
Exponential function of a doub!e precision number.,

call-by-reference MLPSRDEXP, DEXP
calli-by-value MLPESVDEXP

Pl - 3 double precision numnher,

D1 <= {n : iIni < 4095%io0g(2)}

R - a double precision numbear’

R <= {N}



Error Number Arguments

2 - ——— o -

670085 D1 = +/-INDEF
670086 D1 = +/-INF

670087 1D1} > 4095%10g(2)
570088 101! < -4095%10g(2)

Resuydt

(+INDy +IND)
(+IND» +IND)
{+TINDs» +IND)

{039 00’
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2+8+33 DIN
2+8¢33 DIM
Function: DIM
Description: Positive difference of two single precision numbers.
Entry points: cali-by-reference MLPSRDIMy DIM
call=-by-value MLPSVDIM
Arguments: S1 - a single precision number,
$S2 - a singie precision number’,
Domain: S1 <~ {N}

and S2 <= {N}



and

Resuit:

Rahge:

Error results:

Error Number

W - o - -

670089
670090
670091
670092
670093

S1 = 52 <= {N}

R =

R

a single precision number.,

<~ {N}

Arguments

T A Y A -

S1
S2
S1
52
51

fouwououon

+/~INDEF
+/-INDEF
+/-INF
+/=INF

S2 = #/-INF

Resud t

- - —

+IND
+IND
+I4D
+IND
+IND
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2.8434 DINT

2+0 MATHEMATICAL FUNCTIONS AND ROUTINES

2+8+34 DINT

Function:

Description:

Entry points?

Arguments:

DIN

T

Integer {(whole number) part of a double

{Truncations.)

call-by-reference

cali-by=-vatue

D1 - a double precision number,

nunbher,

precision

MLPSRDINTs DINT
MLPSVDINT



Domains D1 <~ {N}

Result:. R - a double precision number,

Range: R <~ {I}

Error results:

Error Number Arguments Resuﬁt
670094 D1 = +/-INDEF {(+TINDy +IND)
670095 D1 = +/-INF {+IND, +IND)
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28435 DLOG

2+8.35 DLOG

Functions DLOG

Description: Natural logarithm of a doub!e orecision number.,

Entry points: calli-by-reference MLPERDLOG, DLOG
cali-by-value MLPSVYDLDG

Arguments: D1 - a double precision number,



Domain: D1 <= {n 2 n > 0.}

Result: R - 3 double precision number’,

Range: R <= {n 3 in] < 4095%iog(2)}

Error results:

Error Number Arguments Result

670096 D1 = +/-INDEF {(+IND, +IND)
670097 D1 = +7-INF [+INDs +IND)
5670098 D1 = 0. {+INDy +IND)
570099 D1 < 0. {+TND» +IND)
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2+8+36 DLOG1O
2+8+36 DL0O6G1O
Function: DLOG1O
Description: Common logarithm of a double orecision number.
Entry points: cali-by-reference MLP$RDLDOG10» DLOGLO

calli=-by=-value MLPSVYDLOG1O



Arguments: D1 - a double precision number,

Domain: D1 <= {n 2 n > 0.}
Results R = a double precision numbhery:
Range: R <= {n : ini < 4095%Jo0g{2}}

Error results?

Error quber Arguments v Result
670100 D1 = +/-INDEF {+IND,
670101 D1 = +/-INF {+IND,
670102 D1 = 0. {+IND,
670103 D1 < 0. ' {+IND>»
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28437 DMOD
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248437 DMOD
Function? DMOD

Description: Remainder of a double precision guotient

.



Entry points: calli-by-reference MIPSRDMODy DMAOD
cali-by=-value MLPSVDMOD

Arguments: D1 - a double precision nunher,
D2 - a double precision number,

Domain: p1 <~ {N}

and D2 K= In 3t n =/ 0.}

and D1 7 B2 <- {N}
Rasylt: R = a double precision number,:
kRange: R <= {N}

Error results:

Error Number Arguments Resuyit

670104 Dl = +/-INDEF {+IND, 41IND)
670105 D2 = +/-INDEF {+IND, +IND)
670106 D1 = +/-INF , (+INDs +IND)
670107 p2 = +/-INF {+IND, +IND)
570108 D2 = 0. {+#INDy +IND)
670109 D1 7/ D2 = +/-INF {+INDy +IND)
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2+8+38 DNINT

2.8.38 DNINT



Function: DNINT

Descriptions Nearest whole number to a double precision number.,

Entry points: ‘call;by—referance MLPSRDNINT, DNINT
call=by=-value MLPSVDNINT

Arguments? D1 -~ a double precision number,.

Domain: D1 <~ {N}

Resul t: R - a double precision numbar,:

Range: R <= {I}

Error results:

Error Number Arguments Rgsult
670110 D1 = +/-INDEF {+INDs, +IND)
6570111 D1 = +/-INF {+IND, +IND)
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2.8.39 DPROD




2+8439 DPROD
Function:
Description:

Entry points

Arguments:

Domain:
and

and

Result:

Range:

Error result

Error Number

- o T - V-

670112
670113
670114
570115
670116

.
-

s

DPROD
Product of two double precision numbers.,

call=-by-reference ML PSRDPROD,
call-by-vatue MLPSVYDPROD

D1 - a double precision numbar,:
D2 - a3 double precision numnber,

D1 <~ (N}
D2 <~ {N}

D1*D2 <- {N}

R - a double precision numbar,

R <= {N}

Arguments Resu}t
D1 = +/~-INDEF {+IND, +IND)
D2 = +#/~INDEF {+IND, +IND)
D1 = +/-INF {+IND, +IND)
D2 = +/=-INF {+INDy +IND)
D1 % D2 = +/-INF {+INDs +IND)

DPROD
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240 MATHEMATICAL FUNCTIONS AND ROUTINES

2+8440 DSIGN

2+8+.40 DSIGN
Function:
Description:

Entry points:

Ar guments:

Domain:

and

Result:

Range:

Error resuits:

- - - —

DSIGN
Double precision transfer of sign,

call-by~-reference MLPSRDSIGN,
call=by=-value MLPSVDSIGN

D1 - a double precision number,
D2 - a double precision number,

D1 <= {aitl double numbers}

D2 <K= {atl double numbers}

R - a double precision number’y:

R <= {all double numbers}

no errors are generated by DSIGN

180 Common Modules Mathematical Library {IMML)Y ERS

DSIGN
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2.0 MATHEMATICAL FUNCTIONS AND ROUTINES

2.8.41 DSIN

-———

2+8441 DSIN
Function:
Description?

Entry points:

Arguments:

Domain:

Result:?

Range:

Error results:

Error Number

L —— -

670117
670118
670119

- - A - -

DS IN

85708723

g T T — T T - -

Circular sine of a double osrecision number.,

calli-by-reference
calli-by—-value

D1 - a double precision numnbher,

D1 <= {n : inl < 2%*47}

R = a double precision number,

R <= {n : ini < 1.}

-

Arguments

————— -

+/-INDEF
+/-INF
> 2%%47

D1
D1
01

ow § H

- o —

MLPERDSIN, DSIN
MLPSVYDSIN

Rgsu?t

{+IND,
{+IND,
[+IND,

+IND)
+IND)
+IND)
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2.0 MATHEMATICAL FUNCTIONS AND ROUTINES

A A — . - Jg-

228+42 DSINH
Function:
Descriptions

Entry points:

Arguments:

Domain:

Result:

Range:?

Error results:

Error Number

670120
670121
670122

DS INH
Hyperbolic sine of a doublie precision number.,

MLPSRDSINH,
MLPSVDSINH

calli-by-reference DSINH

call=-by=-value
D1 - a double precision numbher,

D1 <= {n 3 ini < 4095%10g(?2)}

R - a double precision numbear,:

R <= {N}

Arguments Resuit

-1 -

D1 = +/-INDEF
D1 = +/-INF
1013 > 4095%10gi2)

{+INDy, +IND)
{+IND, +IND)
(+IND, +IND)
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2.0 MATHEMATICAL FUNCTIONS AND ROUTINES
28443 DSAQART
2+8.43 DSQRT
Function: DSQRT
Description? Square root of 3 double pracision number.,
Entry points: cali-by=-reference MLPSRDSQRT, DSORT
cali-by-value MLPSLVDSOQORT
Arguments? D1 - a double precision number,
Domain: D1 <= {n : n > 0.3}
Resuylit: R = a double precision numbher,’
Range: R <- {N}
Error results:
Error Number Arguments Pgsult
670123 Pl = +/-INDEF {+INDy +IND)
670124 Dl = +/-=INF {+INDy +IND)
6570125 D1 < 0. {+IND, +IND)
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2.0 MATHEMATICAL FUNCTIONS AND ROUTINES

2.8.44 DTAN

2+Be%4 DTAN
Function:
Description:

Entry points:

Arguments:

Domain:

Result:

Range:

Error results:

Error Number

R A -

670126
670127
670128

DT AN
Circular tangent of a doubl® nsrecision number.

cali-by-reference MLPERDTANs DTAN
call-by~-value MLPSVDTAN

D1 -~ a double precision number,

D <= {n : ini < 2%%47}

R - a double precision numbar,

R <= {N}

Arguments Rasg}t
D1 = +/-INDEF {+INDy +4IND)
D1 = +/-INF [{+TND» +IND)
D11 > 2%%47 {+#IND, +IND)
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2.0 MATHEMATICAL FUNCTIONS AND ROUTINES
2+8+.45 DTANH

- T _—— - -

————

. — - > -

28445 DTANH

Function:
Description:

Entry points:

Arguments:

Domain:

Result:

Range:

Error results:

Error Number

670129

DTANH
Hyperbolic tangent of a doubhle precision number.,

MLPERDTANH,
MLPSVDTANH

call-by-reference DT ANH

cali-by-value
D1 - a double precision number’,
= {N»

D1 +/-INF3}

R - a double precision numbar’,

R &= {n 3 In! (<

1.}

Arguments Resuit

D1 = +/-INDEF {+IND» +IND)



CONTROL DATA CDRPORATION -~ COMPANY PRTYVATE - Revision E

, 2-53
C180 Common Modules Mathematical Library {CMML) ERS
85708723
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2+8+46 DTOD
2.8.46 DTOD
Function: DTOD
Description: Raise a double precision base to a double precision
DOWET »
Entry points: call=-by-reference MLPZIRDTOD, DTOD
call=by=-valye MLPSYVDTOD
Arguments? D1 - a double precision number,
D2 - a double precision number,
Domain: DI <= {n :t n > 0.}
and D2 <~ {N} -
and if D1 = 0y D2 > O
and D1%%D2 <- {N}
Result: R - a double precision nuymher,
Range: : R <~ {N}
Error results:
Error Number Arguments Rgsp!t
670130 D1 = +/-INDEF {+INDy +IND)
670131 D2 = +/-INDEF {+IND> +IND)
670132 D1 = +/-INF {+INDy +IND)
670133 D2 = +/-INF {+INDy +IND)
670134 Dl = 0. and D2 < 0. {+INDs +IND)
670135 D1 < 0. - (+INDs +IND)

670136 D1*%¥D2 = +/~INF ~ (+IND, +IND)
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2.0 MATHEMATICAL FUNCTIONS AND ROUTINES
28447 DTOI
2+8+47 DTOI
Function: DTDI
Description: Raise a double precision base to an integer power.
Entry points: call-by—-reference ' MLP3RDTODI, DTOI
call=-by=-value MLDPSVDTOI
Arguments: D1 - a double precision number,

I2 - an integer.

Domains: D1 <~ {N}

and I2 <= {altl integers}

and if D1 = 0» 12 > O
Result: R - a double precision number,
Range: R <= {N}

Error results:

Error Number Arguments Resuit

570137 D1 = +/-INDEF {+INDy, +IND)
570138 D1 = +/-INF {+INDs +IND)
670139 D1 = 0. and I2 < O {+INDs» +IND)

670140 D1%%12 = +/-INF {+IND, +IND)
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2+8.48 DTOX
2+8.48 DTOX
Function: DTOX
Description: Raise a double precision base to a single precision

pPOWETr.
Entry points: cali-by-reference MLPSRDTOXy DTOX
calt=by-value MLPSVDTOX
Arguments? D1 - a double precision number,
$S2 - a single precision number’,
Domaint D1 <= {n 2 n > 0.)
and D2 <- {N} -
and if D1 = 0y S2 > 0.

Result: R - a double precision numher,
Range: R <=~ {N}
Error results:?
Error Number Arguments Qesu}t
670141 D1 = +/-INDEF {+IND, +IND)
670142 52 = +/-INDEF {+INDs +IND)
670143 D1 = +/-INF {+IND, +IND)



670144
670145

670146
670147

$2 = +/-INF (+IND, +IND)
DL = 0 and S2 < O, {+IND, +IND)
D1 < 0. - [+IND, +IND)
D1%%S2 = +/-INF {+INDs +IND)
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2.0 MATHEMATICAL FUNCTIONS AND ROUTINES

248449 DTQZ

28449 DTOZ

Function:
Description:

Entry points:

Arguments:

Domain:
and

and

Result:

Range:

Error results:

DTOZ
Raise a double precision base t» a complex power,

call=-by~-reference MLPERDTOZs DTOZ
calli-by=-value MLPSVDTOZ

D1 -~ a double precision number,
12 - a complex number,

D1 <=~ {N}
12 <K= {{NsN)}
if D1 = 0ey» Z2 <= {{nl>n2) 2 nl > Du» n2 = 0,1}

R - 3 complex number.,

R <-= {(NsN)}



Error Number

670148
670149
670150
670151
670152

and

670153
670154

C180 Common Modules Mathematicsal

Arguments Result
D1 = +/~INDEF {+INDs
12 = +/~-INDEF (+IND>
D1 = +/7-INF {(+IND>
12 = +/-INF {+IND,
D1 = 0.

Rel22) <€ 0. or Im{Z22) =7 D! {+IND>
D1 < 0. {+IND,
D1%%22 = +/-INF {+IND>

CONTROL DATA

2+8.50 ERF

—

2.0 MATHEMATICAL FUNCTIONS AND ROUTINES
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248,50 ERF
Function:
Description:

Entry points:

Arguments:

Domain:

Resutt:

Range:

Error resulits:

Error Number

ERF

- -— - -

+IND)
+IND)
+IND)
+IND)

+IND)

+IND)
+IND)

- Revision E

2-57

85/08/23

T A D A T - S 1O T W

Error function of a single precision number.

call-by-reference

calli-by-value

MLPSRERF,

MLP S VERF

S1 - a singie precision number’,

S1

<- {N}

R - a single precision numbar’s:

R - ‘[n H ’10

Arguments

< n < 1.}

ERF



670155 . S1 = +/-INDEF - +IND
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28451 ERFC

2.8451 ERFC

Function:? ERFC

Description: Error function complement of a single precision number,

Entry points: call-by=-reference MLPSRERFC» ERFC

call-by-value MLPSVERFC

Arguments: S1 - a single precision nunher,

Domains $S1 <= {n 3 n < 25,923}

Resuit: R - a single precision number,

Range? R <= {n t 0, < n < 2.}

Error results:



Error Number Arguments Result

- ——_—— S ——— - T - - —— -

670156 S1 = #/-INDEF *+IND
670184 S1 > 25.923 0.

—
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2.8452 EXP
2+.8¢52 EXP
Function: EXp
Description: Exponential function of a singl2 precision number.
Entry points: call=by-reference MLPSREXP, EXP
call-by=-value MLPSVEXP
Arguments: S1 - a single precision number,
Domains S1 <~ {n : ini < 4095*%10g(2)}
Resuit: R - a single precision number,

Range: R <= {N}



Error results:

Error Number

A . Y. W - -

670157
670158
670159

670160

£180 Common Modules Mathematical

2.0 MATHEMATICAL FUNCTIONS AND ROUTINES

248453 EXTB

Arguments

D A -

S1 =
S1 =
51 >

S1 <

+/-INDEF
+/~INF
4095%109{2)

-4095%to0gl2)

Result

+IND
+1IND
+IND

0.

Library (ZMML) ERS
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2.8.53 EXTB

Function:

Description:

Entry points:

EXTB

EXTB{a»ilsi2) - Extracts hits fr'om argument a,
dicated by i1l and i2. Argument {1

bit to be extracted,s
extracted.,

call=-by=-reference
cali-by-value

as in-

indicates the first

nunhering from bit zero on the
left, Argument §i2 indicates the number of bits to be

MLPSREXTB
MLP SVEXTS

- e N e e s

- S s S wE S e



Arguments: The pérameter,a is any data type except character or
bits For a double precision or compiex argument 2,
the argument used is REAL{AY.! i1l and i2 are integers.,

Domains ilei2 <= {ilsi2¢ i1 +# i2 <= 64}

C a3 €= {REALS} OR a <~ {DNUBLE PRECTISION NUMBERS} OR
a <~ {INTEGERSY} OR a &= [{LOMPLEYX:  NUMBERS}
Result: R = a FORTRAN type BOOLEAN yatue {(b64~-bit word).,
Range: R <= {BOOLEAN}

Error results:

Error number Arguments Result
670257 il <0 +IND
570258 i2 <90 +IND
670259 il >= 64 +IND
670260 il + i2 > 64 +IND

CONTROL DATA CORPORATION = COMPANY PRIVATE - Revision E
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282,54 IABRS
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2+8454 IABS

Function: IABS

Description: Absolute value of an integer’s

Entry points: call-by-reference MLDSRIABS, IABS
cali-by-vatue MLP$VIABS

Argumentss I1 - an integer.,

Domain: I1 <~ {all integers}

Result: R - an integer.

W AN R B WO W e G N W N G BN WS NI W BB B G RS Ne S e



Range: R <= {i *+ i > 02}

Error results: no errors are generated by TABS
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2—62
180 Common Modules Mathematical Library {IMML)Y ERS

85708723

—— . —— ———— —

2.0 MATHEMATICAL FUNCTIDNS AND ROUTINES
2+8.55 IDIM

- —

- — . . - -

2.8.55 IDIM

Function: IDIM

Description: Positive difference of two integers,

Entry points: cali~-by~reference MLPSRIDIM, IDIM
call-by-value MLPSVIDIM

Arguments:? I1 - an integer.

I2 - an integer.

Domains {11, I2) <= {(ils i2) : i1l = §i2 < 2%%63}



Results R - an integer.

Range? R <= 4Li ¢+ i > 0}

Error results:

Error Number Arguments Result
670161 I1 -~ I2 > 2%%63 0

CONTROL DATA CORPORATION - COMPANY PRIVATE - Revision E
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2.0 MATHEMATICAL FUNCTIONS AND ROUTINES
28456 IDNINT
2856 IDNINT
Function: IDNINT
Description: Nearest whole number to a double precision number.
Entry points: calti=-by-reference MLPESRIDNINT, IDNINT
call=-by~vatue MLPSVIDNINT

Arguments: Dl - a double precision nunbar,



Domain:

Result:

Range:

Error resuits:

Error Number

670162
670163

D1 <~ {N}

R - an integer.

R <= {1}

Arguments

D1 = +/-INDEF
D1 = +/-INF

Resuilt

- - -

0
0
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2+8.57 INSB
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2+B8457 INSB

Function: INSB

Description: INSB{asilsi2sb) — Inserts hits From argument a
{rightmost i2 bits) intn cooy of b (beginning with

-

e e B B e eSS Sw B



bit position ily length = §2 bits?),

Entry points: ‘ call-by-reference MLPS$RINSS
call-by-value MLPSVINSSB
Arguments: The parameters asb are any data tvype except character

or bit. For double pracision or" compliex arguments
asb; the arguments used arae REAL{U2a) and REAL{D)
respectivelys, i1 and i2 ars integers.

Domain: Jlri2 <= {il»i2: i1 + i2 &= 5H4}
asb <= {REALS} 0OR asb <= INNUBLE- PRECISION NUMBERS?} OR
asb <~ {INTEGERS} DR a»h <~ [COMPLEX NUMBERS}

Result: R = a FORTRAN type BODLEAN valus {(h4~bit word).,

Range: R <~ {BOODLEAN}

Error results:

Error number Arguments Result
670261 il <0 +IND
670262 iz <0 +IND
570263 ‘ il >= 64 +IND
670264 il + i2 > b4 +IND
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2.0 MATHEMATICAL FUNCTIONS AND ROUTINES
2+8.58 ISIGN
2+8.58 ISIGN
Function? ISIGN
Description: Integer transfer of sign.
Entry points: call=-by=-reference MLPESRISIGNs ISIGN
call=by-value ‘ MLPSVISIGN

Arguments: I1 - an integer.

W R G B B e W BE W A G WG G B e M e el s W s B W N e e e e



Domain:

and

Result:

Range:

Error results:s

IZ - an integer.

I1 <~= {aill integers}

I2 <~ {ail integers)}

R - an integer.,

R &= {all integers)

no errors are generated by ISIGN:
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2.0 MATHEMATICAL FUNCTIONS AND ROUTINES

248459 170D

2+8.59 ITOD
Function:
Description:

Entry points:

— - - - W S W ——_— . -

ITGD
Ralise an integer base to a double pracision power.,

cali-by-reference MLPSRITGOD, ITOD
call-by=-value MLP2SVITOD



Argumentss

Domain:
+
and
+
and
Resylt:
Ranges
+
Error resuits:
Error Number
+ e
670164
670165
670166
+
670167
670168
1

€180 Common Modules Mathematical

I1 - an integer.,
D2 - 3 double precision number’,

I1 < {i 2 1 > 0}

D2 <~ {N}
if I1 = 0, D2 > 0.
R - a double precision numbar,

R <~ {N}

Arguments

+/~INDEF
+/=-INF
0 and D2 < 0.

o
d [\
[ ]

I1 < 0
I1*%D2 = +/-INF

2.0 MATHEMATICAL FUNCTIONS AND ROUTINES

2+8+.60 ITOI

Resylt
{+IND)
{+IND>
{+TND,

{+IND>
{(+IND>»

Library (ZMML) ERS

+IND)
+IND)
+IND)

+IND)
+IND)

CONTROL DATA CORPORATION - COMDPANY PRIVATE - Revision E

2+8.60 ITOI

Function:

ITOI

85708723



Description:

Entry points:

Arguments:

Domain:
and

and
and

Result:

Range?

Error results:

Error Number

.~ -~

670169

670170

C180 Common Modules Mathematical

228461 ITOX

. A S~ -

S W - A VD . - - G T . S - S

Raise an integer base to an

cali-by-reference
cali=by-value

I1 - an integer.
I2 - an integer.,

I1 <= {all integers}
12 <~ {all integers}

if I1 =0, 12 > 0
TI1¥%[27 < 2%%63

R - an integer.

R <~ {all integers}

Arguments

v —— .

JI1¥*I27 > 2%%63

I1 = 0 and I2 < 0

-

- ———— ——

integer power.,

Library (ZMML)

MLPSRITOI, ITOI
MLPSVITOI

Resp!t

- -

0

0

ERS

CONTROL DATA CORPORATION - COMPANY PRIVATE - Revision E
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28461 ITOX

Function: ITOX

Description: Raise an integer base to a single precision power,

Entry points:  call-by-reference MLPERITOXy» ITOX
cali-by-value MLDPIVITOX

Arguments? I1 - an integer.

§2 - a single precision numher’

Domain: I1 <~ {i = i > 0}

and $2 <= {N}

and if I1 = 0, S2 > 0.
Result: R - a single precision number,’
Range: R <= {N}

Error results:

Error Number Arguments Result
670171 S2 = +/-INDEF +IND
570172 S2 = +/-INF +IND
670173 I1 = 0 and §2 < 0., +IND
670174 I1 < 0 - +IND
570175 J1%%S2 = +/=-INF +IND
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2-69

C180 Common Modutes Mathematicatl Library {(ZMML)Y ERS
85708723



2.0 MATHEMATICAL FUNCTIONS AND ROUTINES
28462 IT0Z
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2+8.62 1702

Function: ITDZ

Description: Raise an integer base to a complex power.

Entry points: call=-by-reference MLP8RITOZ, 1ITDZ
call=by=-value MLPEVITOZ

Arguments: I1 - an integer.

2 - a complex number,

Domain: I1 <= {n : n > 0}

and 22 <= {{NsN)}

and if I1 = 0 Z2 <= {{nlsn2) 2 n1 > 04 n2 = 0.}
Rasult: R - a complex number.
Range: R <= {(NsN)2}

Error results:

Error Number Arguments Resul t
670176 72 = +/-INDEF (+IND, +IND)
670177 12 = +/-INF (+IND, +IND)
670178 I1 = 0

and Re{Z2) < 0. or IM(Z2) =/ N.i (+IND» +IND)
670179 I1%%72 = +/-INF (+IND, +IND)

670180 I1 < 0 (+IND, +IND)
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2+8+.63 MOD
Function: M3D
Description: Remainder of an integer quotient,
Entry points: cali-by-reference MLP3SRMOD, MOD
cali=-by=-value MLPSVYMOD
Arguments: I1 - an integer.
12 - an integer,
Domain: I1 <= {all integers}
and I2 - {i ¢ i =1 0}
Result: R - an integer.,
Range:? R <K= {al! integers)}

Error results:

Error Number arguments Result

670181 12 = 0 0
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2+8.64 NINT

-

2+8.64 NINT
Function:
Description:

Entry points:

Arguments:

Domain:

Result:?

Range:

Error results:

Error Number

- ——— v ——— o

570182
670183

- e - T U VU D WU W A S0V W W > T T

NINT
Nearest whole number to a single precision number.

call-by-reference ' MLPERNINT, NINT

call-=by=-value MLPSYNINT

S§S1 - a3 single precision numnber,

S1 <~ {N}

R - an integer.,

R <= {1}
Arguments Rasgﬁt
S1 = +/-INDEF 0

S1 = +/~INF 0
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2+8.65 RANF
Functions
Description:

Entry points:

Arguments:
Domains
Result:

Range:

Error results:

Comments:

- ———— ey s - - - - - - - - -

RANF
Random number generator (single precision).

call-by~reference MLPSRRANF, RANF
call=-by=-value MLP S VRANF

there is no argument to RANF.!
not applicable.
R - a single precision number,

R K= {n ¢ 0s < n < 1.}

no errors are generated by RANF

RANF is intended to return the same values as the RANF
impiemented on the 170 machines as long as the {default)

initial value provided by the two libraries is used

the caller, The values of the random number seed and
multiplier used 1in the Math Library random number
generation routiness RANFy RANGET and RANSET, are made
available to host 1anguages in RANDATA» a data-only
modude in the Math Library, The yalues contained in

this module are:

Value Dgfinition
« miviinitial_seed default initial seed
» mivirandom_seed current random seed
e« miv$random_multiplier random multiplier

The initial value of both mivsinitial_seed and
mlivérandom_seed is 400023C58CFE1H6D{16)., The initial
value of mlv$random_multiptier is 40302875A2E78B175(16).,

The algorithm does not change the values
mlv$initial_seed or mivdrandom_multipliers and
user—-caltable routines are oraovided to change them.
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2.0 MATHEMATICAL FUNCTIONS AND ROUTINES

2484566 RANGET

2+84656 RANGET
Procedure:
Description:

Entry pointss

Arguments:

Domain:
Result:
Range?

Error results:

- . S — - - v -~

RANGET
Get the random number seed {a singla orecision number).

call-by-reference RANGET
There is no call-by-value ontry Ffor RANGET.

R - a single precision numbar’
{the argument receives the reesult)

not applicable
R = the argument.
to be supplied,

no errors are generated by ANGET
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2867 RANSET
Routine:
Description:

Entry points:

Arguments:

Domain:

Result:
Range:

Error results:

W S U T T T D U AU W - - - -

RANSET

Set the random number seed {(a single precision number).

call=-by-reference RANSET
There is no call=-by-value entry for RANSET,

51 -~ a single precision numbar,

51 = {n ¢ 0. € n < 1.}

not applicable.
not applicable

no errors are generated by WNSET,
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248.68 SIGN

Function: SIGN

Description: Single precision transfer of sian.

Entry points: cali=-by-reference MLPERSIGN, SIGN
call~-by-value MLPSVSIGN

Arguments: S1 - a single precision number’

S2 = a single precision number,

Domain? S1 <~ {al}l single numbers?}

and §2 <= {all single numbers}
Result: R - a single precision number,
Range: R K= {n t n > 0.}

Error results: no errors are generated by SIGN
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228.69 SIN

Function: SIN

Description: Circular sine of a single orecision number,

Entry points? cali-by-reference MLPERSIN, SIN
call-by-value MLP$VSIN

Arguments: S1 - a single precision number,

Domain: S1 <= {n 3 Inl < 2%*47}

Result: R - a single precision number,

Ranges R <= {n : ini < 1.}

Error results:?

Error Number Arguments Resutt

670185 S1 = +/-INDEF +IND

670186 S1 = +/-INF +IND

670187 1518 > 2%%47 +IND
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2.8.70 SIND

Function: SIND

Description: Circular sine of a single oprecision number in degrees.

Entry points: cali-by-reference MLO$RSIND» SIND

cali-by-value MLPSVSIND

Arguments:? S1 - a single precision nunber,

Domain: S1 <= {n : In} < 2%%47}

Result: R - a single precision number.’

Range: R <= {n 2 iIn}l < 1.}

Error results:?

Error Number Arguments Result
670244 S1 = +/-INDEF +IMND
670245 S1 = +/-INF +IND

670246 1513 > 2%%47 +IND
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2+8471 SINH
Function:
Description:

Entry points:

Arguments:

Domain:

Result:

Range?

Error results:

Error Number

T ——————— - — " - -

670188
670189
670190

. -
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SINH

Hyperbolic sine of a8 single precision number.,

call-by-reference MLPERSINH» SINH
cali-by-value MLPSVYSINH
S1 - a single precision number,
S1 <= {n 3 in{ < 4095%109g(2)}
R - a single precision number,
R <~ {N}
Arguments Result
S1 = +/-INDEF +IND
S1 = +/-INF +I4D
iS1: > 4095%104g(2) +TND

-
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2+8+72 SQRT
Function: SQRT
Description: Square root of a singte precisinon number,

Entry points: cali-by-reference MLPSRSQRT, SQRT

call-by~-value MLPSVSQRT
Arguments: S1 - a single precision nunher,
Domain: S1 <= {n ¢t n > 0.}
Result: R - 8 single precision numbar’
Range? R <= {n 3 n > 0.}
Error results:.
Error Number Arguments Re;p!t
670191 S1 = +/=-INDEF +IND
670192 S1 = +/-INF +IND
670193 S1 € 0. +IND
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2+8.73 TAN
Function:
Description:

Entry points:

Arguments:

Domain:

Result:

Range:?

Error results:

Error Number

S A "

670194
670195
670196

TAN

Circular tangent of a singla2 nrecision number,

cali-by-reference MLPESRTAN, TAN
cali-by=-value MLPSVTAN
S1 - a single preclision nunher’,
S1 <= {n : in?l < 2%%47}
R - a single precision numher’,:
R <~ {N}
Arguments Resp]t
S1 = +/-=-INDEF +IND
S1 = +/-INF +IND
1S51% > 2%%47 +IND

—— - — - -

2-80

85708723
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28274 TAND
Function: TAND
Description: Circular tangent of a single opregision number in
degr ees.,
Entry points: cali-by—-reference MLPSRTANDs TAND
call-by=-value MLPS$VTAND
Arguments: S1 - a single precision numbar’,
Domains S1 <= {n t ini < 2%%*47 and
n =/ 90%m whera n (- sat of odd integers}
Resul t: R - a single precision number,
Range: R <= {N}

Error results:

Error Number

- —_— - —— =

570250
670251

Arguments Resp!t
S1 = +/-INDEF +IND
S1 = +/-INF +IND



670252 iS1) > 2%%¥47 +IND
670253 S1 is an odd muitipie of 99 +IND
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2+8+.75 TANH

Function: TANH

Description: Hyperbolic tangent of a single nrecision number.

Entry points: cali-by-referance MLP3SRTANH» TANH
cali-by-value MLPESYTANH

Arguments:? S1 - a single precision number),

Domain: S1 <= {Ns» +/-INF}

Result: R - a single precision number,’

Range: R <= {n 2 ini < 1.}

Error resuits:

Error Number Arguments Result

T W 4D U W W T - A - s . - - - T -

670197 S1 = +/7-INDEF +IND
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2+B.76 XTOD
Function? XTQaD
Description: Raise a3 single precision basa tn a doubie precision
poWer.,
Entry points: call-by-reference MLPS$RXTOD, XTOD
cali-by-value MLPSVYXTOD

Arguments?

Domain:
and
and

Result:

Range:

S1 - a single precision numnher,
D2 - a double precision number,

S1 <= €n :n > 0.}
D2 <~ {N} -
if S1 = Oss D2 > O,

R = a double precision number’’

R <~ {N}



Error resuits:

Error Number © Arguments Pgsu}t

670198 S1 = +/-INDEF {+INDy +IND)
570199 D2 = +/-INDEF {+IND, +IND)
670200 S1 = +#/~INF {+INDy +IND)
670201 D2 = +/-INF {+IND, +IND)
6570202 $S1 = 0. and D2 < 0. {+INDs +IND)
670203 S1 < 0. - {+IND, +IND)
670204 51%%D2 = +/-INF {+IND, +IND)
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2.8.77 XT01
Function: XTOI
Description: Raise a single precision base to an integer power.
Entry points: call-by~-reference MLPSRXTOI, XTOI
call-by-value MLPSVYXTODI
Arguments: S1 - a single precision number,

I2 - an integer.

Domain: S1 <~ {N}
and 12 <= {all integers}
and if S1 =0, I2 >0

Resuit: R - a single orecision number’,



Range: R <= {N}

Error results:

Error Number Arguments Rgsuit
570205 S1 = *+/=-INDEF : +TND
570206 S1 = +/-INF +IND
670207 ‘ S1 = 0 and I2 € O +IND
670208 S1#%¥I2 = +/-INF +IND
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28,78 XTOX
Function: XT0OX
Description: Raise a single precision base to 2a single precision
' powers
Entry points: call-by~-reference MLPERXTOX» XTOX
call=-by-value MLPSYXTOX
Arguments: S1 - a single precision numnber,

S2 - a single precision nunher’s

Domain: S1 <= €fn 2 n > 0.}



and S2 <= {N}
and Iif S1 = 04y S2 > 0.
and S1%%S2 <= {N}

Result:

Ranges

Error resuilts:

R — a single precision number,

R <= {n 2 n > 0.}

Error Numberv Arguments Resp}t
670209 S1 = +/-INDEF +IND
670210 S2 = +/-INDEF +IND
670211 S1 = +/~INF +IND
570212 $S2 = +/-INF +IND
670213 S1 = 0. and S2 < 0. +IND
570214 S1 < 0. - +IND
670215 S1%%52 = +INF +IND
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2+8.79 XT0Z
Function?
Description:

Entry points:

Arguments:

XTDZ
Raise a single precision base to a complex power.,

call-by-reference MLPSRXTOZ, XTOZ
call-by=-value MLPSVYXTOZ

S1 - a single precision number.,



Domains
and
and

and

Result:

Range?

Error results:

Error Number

A A o T ——— -

670216
670217
670218
670219
670220

and

670221

€180 Common Modules Mathematical Library {(TMML) ERS

A . . ——— YV - N G O W -

12 - a complex number.
51 <= {N}

12 <= CINsN)3

if S1 = 0y Z2 <K= {{nlynl) =

S1#%*72 <~ {{NsN)2}

R = a complex number.

R <K= {{N»yN}}

Arguments

T - - -

S1 = +/-INDEF
22 = +/-INDEF
S1 = +/-INF
12 = +/-INF
S1 = 0D.

Re{Z2) € D or Im{(Z22)

S1%%22 = +/-INF

=1 D!

2.0 MATHEMATICAL FUNCTIONS AND ROUTINES

2.8.80 ZTO0D

T —

2+.8.80 ZT0D

Function:

AR

ﬂl > 90§?

T s T A D A D W D A D Y

nZ = Da.}

Result

——— o ——_ -

{+IND,
{(+IND>»
{+IND>,
{+IND,

{+IND,

{+IND»

+IND)
+IND)
+IND)
+IND)

+IND)

+IND)
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Description:

Entry points:
Arguments?

Domain:
and‘
and
and

Result:

Range?

Error resutts:

Error Number

A 4000 S D A B S S D VW

670222
670223
670224
670225
670226

670227

C180 Common Modules Mathematical Library {CMML) E£RS

Raise a complex base to a doubla precision power,

call-by-reference MLPSRZITOD» ZTOD
call=by-value MLOSYZTOD

1 - a complex number.
D2 - a double precision numbery’

Z1 <= {{NsN)2}

D2 <= {N}

if 71 = {Oapﬁc’:’ D2 > 0«
Z1%%D2 <= L{N»N)}

R - a complex number.

R <= {({Ns»NI}

Arguments Qesuit
71 = +/-INDEF {+INDs +IND)
D2 = +/-INDEF {+IND, +IND)
71 = +/-INF {+IND, +IND)
D2 = +/-INF (+INDy +IND)
Z1 = 0. and D2 < 0O, {+INDs +IND)
Z1%%D2 = +/-INF {(+IND, +IND)
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2+8.81 2701
Function:
Descgripotion:

Entry points:

Arguments:

Domains:
and
and
and

Result:

Range:

Error results:?

Error Number

——— . ——— - -

670228
670229
670230
670231

ZT01

Raise a complex base to an integer power,

calli=-by-reference

cali=-by=-value

21 - a complex number.

I2 - an integer

71 <= {{N»N)2}

I2 <=~ {all integers}

Z1%%I12 <= {{NsN)2

if 721 = {(0.s0,)

R - a complex number.,

R <= {{NsN)}

Arguments

Z1 = +/-INDEF
11 = +/-INF
11%¥I2 = +/-INF

I1 = 0. and I2 < O

»

»

MLPERZTOI, ZITOI

MLPSVYZITOI

Result

{+IND,
{+INDy
{+IND,
{+IND,

€180 Common Modules Mathematical Library {ZSMML) ERS

+IND)
+IND)
+IND)
+IND)
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2.8.82 ZT0OX
Function:
Description:?

Entry points:

Arguments:?

Domain:
and
and
and

Result:

Range:

Error resuylts:

Error Number

570232
670233
570234
670235
670236

570237

—— -

AL FUNCTIONS AND ROUTINES

ITOX

e e

85708723

Raise a complex base to a single pracision power,

call-by-reference
call=-by=-value

Z1 - a complex number.
§S2 - a single precision numbar’,

Z1 <= {{N»N)}

S2 <= {N}

if 1 = (9590.” SZ > 0
Z1%%52 <= {{(NsN))}

R - a complex number.

R <= {I{N»N)}

Arguments
Z1 = +/-INDEF
S2 = +/~INDEF
Z1 = +/-INF
S2 = +/-INF
21 = 0. and S2 < 0.

Z1%%S2 = +/-INF

MLPSRITOX»

MLPSVZTOX

(+IND,
{(+IND,
{+IND,
{+INDs
{+INDy

(+IND,

+IND)
+IND)
+IND)
+IND)
+IND)

+IND)

270X
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Function: 2702
Description? Raise a complex base to a complex power.,
Entry points:? call-by-reference MLPSRZTOZ, 2702
calti~by-value MLPSYZITDZ
Arguments: Il = a complex number.
12 - a complex number.
Domain: I1 <= {{NsN)2}
and 12 <K= {{N,N)}
and if Z1 = (D4204)s Z2 <= {{nl5n2) 2 N1l > 0ss n2 = 0.}
and Z1%%72 <= {(NsoN)3}
Resuit: R - a compliex number.

Range: R <= {{NsN)2}

Error resuits:

Error Number Arguments Result
670238 Z1 = +/-INDEF (+INDy +IND)
670239 22 = +/-INDEF {+INDs, +IND)
670240 Z1 = +/-INF {+IND, +IND)
670241 2 = +/7-INF {+INDy, +IND)
670242 Z1 = 0

and Re{Z2) < 0. or Im{Z2) =/ D, {+IND, +IND)

670243 71%%Z2 = +/-INF (+#IND, +IND)
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3.0 NUMERIC CONVERSION AND ASSEMBLY LANGUAGE SUPPORT ROUTINES

3.1 INTRODUCTION

The CMML includes» in addition to the mathematical’ functions already
describeds a number of numeric conversion routines and assembly language
support routines which will be referred to joint!'y as the CMML Common
Support Routines. These routines are provided for all products
{compiler or runtime systems) to perform numeria input and output
conversion and other services and to allow code sharing. This will also
ensure that the same numeric representation matches the same internal
bit wvalue by all processors, For performance ourposesy the support
routines are written in C180 assembly language,

The numeric conversion routines provide for the conversion between ASCII
character strings and internal numeric representations. The assembly
fanguage support routines {(formerly described in DIS document S3410)
give the wuser access to some C1l80 hardware 8D% and real arithmetic
operations not readily available through CYB3IL. The CMML support also
provides some special conversion routines and capahilities specifically
requested by the ¥FMU oproject and other deveiopment organizations,
because the improved performance of writing them directly in the C180
assembly Janguage Jjustified the abandonnent of CYBIL for these
procedures,

3.2 DOCUMENTATION CONVENTIONS

T A - A T - - - . .-

The naming convention for typess valuess dectarationsy and procedures
conform to the SIS naming conventions with the first two characters
being *ML? to indicate a Math Library {CMML) name. The third character

indicates the type of name-and Ehe fourth character is a2 787,

The general linkage interfaces error handlings and oparameter type
specifications for the common support routines are discussed in the
following sectionss The types and values used 1{In the CMML support
routines are presented as CYBIL declarations.: Fach support routine and
its associated parameter list are described in CYBIL format in the
specifications section by its XREF orocedur? dectaration common deck.,



3.3 LINKAGE INTERFACE

— ———— -

The linkage interface for the CMML support rhutines is defined in CYBIL
terms and conforms to the CYBER 180 System Iaterface Standard (5IS) for
inter—-language procedure calls. The calling seauences are described in
the routine specifications.
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3.4 ERROR HANDLING

N ————— A~

The CMML support routines are assembly language procedures designed so
that no trap conditions are generated. Thera ar2 no error numbers or
messages associated with these routines, A status parameter whose
MLTS$ERROR value is returned to the calter indicates the quality of the
result returned.

3.5 CONVERSION AND ALSS ROUTINE SPECIFICATIONS

————— - 2o . 2 - D W T

This section <contains procedure declarations with parameter list
specifications and functional descriptions for the conversion and ALSS
{Common Support) routines. Special CMML tvpess constants and values
used in the descriptions are defined in Apoendix A,

The meaning and wusage of each parameter are usually obvious from its
name and the context of the particular routine oprocedure. The most
commonly used parameter names have the following meanings:?

« Source Pointer to the input source data to be processed.

« Source_length Length of the source input {UUnits vary according to
the routine),

« Target Usually specifies the desired destination of the
result. Sometimes 1t specifies an additional
source parameter.,

« Target_1ength If this is a VAR parametery the actual tength of
the result is returned in this parameter.
Dtherwises on inputs it specifijes the desired
length of the result,

« Status An MLTHERROR wvalue is: raturnad to calier via this
parameter to indicate the quality of the resuilt by
speci fying error status or soecial condition that
occurred.
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3451 MLPSBDP_CONVERSIDN

{ MLD$BDP = Declare mip$bdp_conversion }

PROCEDURE ({XREF] mlip$bdp_conversion {source: “cell;
source_length: mittbdp_length;
source_type: mitsbdp_type;
targets “cell;
target_length: mitsbdp_length;
target_types mitSodp_types;
VAR status: mitSerror);

{ FUNCTION: Provide access to the numerisc move (MIYN) C180 hardware
{instruction,

{ STATUS MLESINVALID_BDP_DATA is returned whenever the source or
{target type is micsalphanumerics whenever' invalid BDP data

{is contained in the sources or whenever a source or target

{length is inappropriate for its type.

£ STATUS MLESLOSS_OF_SIGNIFICANCE is returned when the target field
{is not large enough to contain the convarted source., The target
{will contain the rightmost significant digits of the converted
{source,
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3.5.2 MLP$BDP_TO_BITS AND MLPS$BITS_TO_B8DP

{ MLD$BIT -~ Declare mip$bdp_to_bits }
{ and - Declare mip$bits_to_bdp }

PROCEDURE I[XREF] mipsbdp_to_bits (source: "“cells
source_Jlength: mitsbdp_tlength;
source_type: mitsbdp_types
target: “cell;
target_length: mitsstring_length;
target_bit_offset: 0 .. 7;

VAR negative: boolean;
VAR status: mlt$error);

PROCEDURE [XREF] mipsbits_to_bdp (source: “ceill;
source_length: mitsstring_length;
source_bit_offsets 0 ++ 73
source_type: mitsinteger_types;
target: “cell;
target_length: mits$bdp_length;
target_type: mitsbdp_type;

VAR status: mit$error);

{f FUNCTION: Convert a BDP number into an unatigned bit string {and
{vice versa)., Written at the request of the FMJ pro Jject.

{

{ In both proceduress the length of the bit string is in bitss not
{in bytes. The converted source is always placed riight-justified
{in the target field with zero fill to the 1eft unless the source
{in miptbits_to_bdp is signed and negative, Al1 BDP types

{except alphanumeric are allowed.,

{

{ NEGATIVE return a value of true whenever the source is negative.
{

{ STATUS MLE$BAD_PARAMETERS is returned whenever READ parameters are
{out of range.

-— -

- ww e



{ STATUS MLESLOSS_DF_SIGNIFICANCE is returned whenever the target is
{too small to contain the converted sources. Truncation of the

{1eft-most digits occurs to force fit the rasult,
{ STATUS MLESINVALID_BDP_DATA is returned whenever a source bdp
{number contains invalid characters,
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3.5.3 MLPSCOMPARE_BDP

{ MLD$CMN - Declare mipScompare_bdp 3}

PROCEDURE [XREFF] miptcompare_bdp (source: “cells
source_length: mitsbdp_Ilength;
source_type: mitsbdp_type;
target: “cell;
target_length: mitsbdp_length;
target_type: mitsbdp_types

VAR result: mitscompare;
VAR status: mit$error);

{ FUNCTIDON? Provide access to the decimal compare (CMPN) (180
{hardware instruction., The user is referrad to the MIGDS

{for information regarding the BDP types that are anceptabile
{to this instruction.

{

{ STATUS MLESINVALID_BDP_DATA is returned whenever BDP type or
{length is illegal for this hardware instruction,
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3.5¢4 MLPSCOMPARE_BYTES

{ MLDSCOM - Declare mip$Scompare_bytes }

PROCEDURE [XREF] mipscompare_bytes (source: “cell;
source_length: mité$string_1length;
target:s “cell;
target_length: mltsstring_Jlength;
VAR result: mltscompare;
VAR number_equal_bytes: mitsstring_lengths
VAR status: mit$error);

{ FUNCTION: Provide access to the compare bytes {(CMPB) C180
{instruction without timiting the user to hyte lengths less
{than or equal to 256.

{

{ STATUS MLESNO_ERROR will be returned.
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3¢55 MLPSCOMPARE_COLLATED

{ MLD$CCI - Declare mipScompare_collated }

PROCEDURE ({XREF]) mip$compare_collated (source: “cell;

source_length: mitsstring_tlengths
target: “cell;
target_ltengths mitsstring_tength;
coltate_table: “cell;
VAR result: mitscompare;
VAR number_equivalent_bytes: mitsstring_length;
VAR status: mitserror)s

{ FUNCTION: Provide access to the compara collater
{hardware instruction without restricting the user’

{lengths 1ess than or equal to 256.
{
{ STATUS MLESND_ERROR is returned.,

(CMPC) C180
to byte
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3+.5.6 MLPSCOMPARE_FLOATING

{ MLD$CF - Declare mipscompare_floating }

PROCEDURE [XREF1 mip$compare_floating (sourse: “cell;
source_langth: mlitsfloating_tengths
target: “cell;
target_dength: mit$sfloating_lengths;
VAR results mit$compare;
VAR statuss: mitserror);

{ FUNCTION: Compare the values of two floating point numbers.

{

{ STATUS MLESINDEFINITE is returned whenever’ the source or target is
{indefinite or whenever both source and target are infinite with the
{same sign. The result is then MLCSUNDORDERED,
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35,7 MULPSCOMPUTE_FLOATING_NUMBER

{ MLD3CFN = Declare miptcompute_floating_number }

PROCEDURE [XREF] mlipscompute_floating_number {source:
mitsfloating_input;
scale_Ffactor? integer;
target:s “cell;
target_length: mit$sfloasting_tengths
VAR status: mits$error);

{ FUNCTION: Generate an internal (binary) fibating point number
{given as input a scale factor (power of ten} and the TARGET
{parameter result of MLPSINPUT_FLOATING_MANTISSA {as SDURCE).

{

{ STATUS MLES$SDVERFLOW is returned whenever the floating point number
{"generated” is out of range (that is - infinite or indefinite).

{ The value returned will be either +INF or +IND, depending on the
{nature of the overfliow,
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3.5.8 MLPSCONVERT_FLOAT_TO_INTEGER

{ MLD$CFI - Declare mipsconvert_float_to_integer 1}

PROCEDURE [XREF] miosconvert_float_to_integer {source: “cell;
source_length: mitsfloating_lengths
target: “cell;
target_length: mitsinteger_length;
target_type: mitsinteger_type;
VAR status?! mitserror);

{ FUNCTION: Convert a floating point numher’ into an integer.

{

{ STATUS MLESLOSS_OF_SIGNIFICANCE Js returned whenever the floating
{point number cannot be represented as an integer of the specified
{lengths The integer value returned will contain the rightmost
{significant bits of the correct result, For infinite or indefinite
{floating point numbers» the integer value retyrned is 0.
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3.5.9 MLPSCONVERT_INTEGER_TO_FLOAT

{ MLDS$SCIF - Declare mip$convert_integer_to_float }

PROCEDURE [XREF)Y mip$convert_integer_to_float {(source: “cell;
source_length: mitsinteger_length;
source_type: mitsinteger_typne;
target: “cell;
target_tength: mitsfloating_lengths
VAR status: mitserror);

{ FUNCTION: Convert an integer into a floating point number.,
{

{ STATUS MLES$SNDO_ERROR is returned.
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34510 MLPIINPUT_BASE_NUMBER

{ MLD$IBN - Declare mip3input_base_number }

PROCEDURE [XREF] mipSinput_base_number {source: “cell;

source_lengtht mitsstring_+Hength;
target: “cell;
target_length: mitsstring_length;
baset? mltsnon_decimal_base;
inbedded_blanks: mitthandle_blankss
justification: mitsjustify;

VAR actual_source_lengtht mitsstring_lenagths

VAR status: mitserror);

{ FUNCTION: Convert an ASCII representation of a non-decimal base
{number into an internal binary representatinn, Leading ASCII
{blanks are ignored; leading ASCII zeroes a#ill be converted as part
{of the number. The ASCII number is considered to be unsigned,

{

{ The TARGET_LENGTH is in bytes,

{

{ The ACTUAL_SQOURCE_LENGTH returned is the number of source
{characters processeady, including leading blanks and blanks that were
{ignored or treated as zeros. Illagal characters and blanks treated
{as ilfegal (MLCSSTOP_ON_BLANKS) are not included in the actual
{iength,

{

{ STATUS MLESBAD_PARAMETERS is returned whenever READ parameters are
{out of range.,

{ STATUS MLESLOSS_OF_SIGNIFICANCE occurs ahan the target field is
{too small to contain the converted source, The rightmost
{significant bits are truncated in the target field,

{ STATUS MLESINVALID_BDP_DATA is returned when an illegal "digit" is
{present Iin the source field. A terminating blank or comma is NOT
{considered itlegals, The input field to that point will be
{converted.
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3.5.11 MLPSINPUT_FLOATING_MANTYISSA

{ MLDSIFM - Declare mipdinput_floating_mantissa }

PROCEDURE ([XREF]1 mipsinput_floating_mantissa {source: “cell;

VAR
VAR
VAR
VAR

source_length: mitsstring_length;
imbedded_blanks: mitthandle_blankss
target: mitsfioating_input;
decimal_point_found: booiean;

actual _source_length: mitsstring_1lengths
status: mitserror);

{ FUNCTION: Convert an ASCII representation of a fioating point
{mantissa into an internal representation for later conversion to
{internal fioating point after establishing the value of the
{exponent field. Leading blanks and zeroes ara jgnored.

{

{ STATUS MLESBAD_PARAMETERS is returned whenever READ parameters are
{out of range.,

{ STATUS MLESINVALID_BDP_DATA is returned whenever an illegal
{character is detected in the source., This: situation includes
{possible exponent field characters "E"” 3gnd "D", compiletely blank
{fieldssy and source fields containing only a siagn character. In the
{latter tuo casesy the fieid is considered to be identically zero, A
{terminating btank or comma is NOT considered illagal,
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345212 MLPSINPUT_FLOATING_NUMBER

{ MLDSIFN —- Declare mlp$input_floating_numnber }

PROCFDURE [XREF] mip$input_floating_number (source: “cell;
source_Jlength: mitsstring_length;
target: “cell;
target_length: mitsFfloating_lengths
handle_blanks: mitshandle_blanks;
VAR actual_source_length: mit$string_tength;
VAR status: milt$error)d;

{ FUNCTION: Convert an ASCII representatinn - of a floating point
{number {with an optional exponent Ffield) intoa the internal
{{binary) floating point representation,

{

{ RESTRICTIONS: The exponent field must begin with %E"™, D", wewn,
{or "d7, Arithmetic overflow during exponent computation is ignored.
{

{ The oniy valid values For the HANDLE_BLANKS parameter are
{MLCSIGNORE_BLANKS and MLC$STOP_ON_BLANK,

{

{ STATUS MLESINVALID_BDP_DATA is returned whenever an illegal
{character is detected in the source field, A terminating blank or
{comma is NOT considered illegai,

{ STATUS MLESOVERFLOW will be returned whenever the fioating point
{number is infinite or indefinite AND status is otherwise no error,
{ STATUS MLESNO_DIGITS is returned if no digits were found in the
{source,
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3¢5413 MLPSINPUT_INTEGER

{ MLD$I1I - Declare mipsinput_integer }

PROCEDURE [XREF]1 mipsinput_integer (source: “gell;

source_length: mitsstring_length;
target: "cell;
target_tengtht mitsinteger_length;
target_types mitsinteger_type;
imbedded_blanks: mitshandle_blanks;

VAR actual_source_1length: mitsstring_length;

VAR status: mitserror);

{ FUNCTION: Convert an ASCII representation of an Integer into the
{internal (binary) representation.

{

{ STATUS MLESNO_DIGITS is returned whenever the source string
{contains no digits (ASCII characters in the set '0?,,,791),

{ STATUS MLESINVALID_BDP_DATA is returned whenever an illegal
{character is detected in the source field. A hlank does NOT cause
{this error status. STATUS MLESLOSS_OF_SIGNTFICANZCE is returned
{whenever the internal integer field is too small to contain the
{converted ASCII source. The rightmost significant bits are
{retained.
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3¢5414 MLPSINPUT _UNPACKED_DECIMAL

{ MLD$IUD -~ Declare mip$input_unpacked_decimal }

PROCEDURE [XREF] mip$input_unpacked_decimal (source: “cell;
source_Jlength: mitsstring_tengths
target: “cell;
target_length: mitsbdp_length;
VAR actual_source_length: mitsstring_Jl2vgths
VAR status: mitserror);

L FUNCTION: Convert an ASCII representation of an unpacked decimal
{number (with possibiy leading blanks and/or a leading sign) into
{the internal BDP format of UNPACKED DECTMAL TRATLING SIGN
{COMBINED HOLLERITH. The result will be riiaght Justified in the
{target field. If the result is shorter than the target fields the
{target field will be zero filied to the 12ft, The final digit wil}
{be changed to conform to the preferred combinad sian format,
{Written at the reguest of the COBOL and FvY orojects,

{

{ If a decimal point is encountered befor2 the source field is
{exhausted, it terminates the source input and only the digits
{preceding the decimal point are convertad,: The decimal point is
{counted in the actual_source_length returned and is not considered
{an illega? character.,

{

{ STATUS MLE$INVALID_8DP_DATA is returned whenever an jlilegal
{character is detected in the source. The source is converted up to
{the iliegal character. The iliegal character is not counted in the
{actual_source_Jlength returned.

{ STATUS MLESLOSS_OF _SIGNIFICANCE is returned whenever the target
{field is too small to contain the source number., The rightmost
{significant digits are retained., Also» if the length of the
{significant digits of the sources, including the optional sign,
{exceeds 38 bytesy STATUS MLESLOSS_OF_SIGNTFITANCE is returned. Only
{the first 38 bytes from the 1eft will be convertad. The
{actual_source_Jlength returned will include a count of all
{significant digits encountered in the source 2ven though not all
{will be converted.
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3.515 MLPSMOVE_BYTES

{ MLD$SMDV = Declare mip$move_bytes }

PROCEDURE {XREF] mip$move_bytes {source: “celi;
source_Jlength: mitsstring_la2ngth;
target: “cell;
- target_tength: mitsstring_length;
VAR status: mlitserror);

£ FUNCTION: Provide access to move bytes {MOVYB3) £180 hardware
{instruction without restricting the caller to fields less than or
{equal to 256 bytes. Furthermores allow overiasping source and
{target fields.,

{

{ STATUS wili be MLESNO_FERRDR

CONTROL DATA CORPORATION - COMPANY PRIVATE - Revision E
3-18



C1iB80 Common Modules Mathematical Library {[ZMML) ERS

85;08/23
3 0 NUMFRIC CONVERSION AND ASSEMBLY LANGUIAGE §J°PEQT ROUTINES
3.52.16 MLPSOUTPUT_BASE_NUMBER

A" T A R B St . - - —— - —— - - - -——

3.5.16 MLPSOUTPUT_BASE_NUMBER

{ MLDS0OBN - Declaration of mipsoutput_base_hnumber }

PROCEDURE [XREF) mipSoutput_base_number (source: "“cell;

source_length: mit$string_length;
target: "cell;
target_tengtht mitsstring_length;
base: mit3non_decimal_base;
Justification: mitsjustify;
suppress_leading_zeros: booiean;

VAR actual_target_length: mitsstring_length;

VAR status? mitserror);

{ FUNCTION: Convert a binary integer into an {non-decimail) ASCII
{representationy or simply do a memory dunp.,

{

{ SOURCE_LENGTH is in bytes.

{

{ A1l bytes of the source number are converted and may yield
{leading zeros which are part of the converted nunber., These
{zeros may be suppressed in the target by setting parameter
{SUPPRESS_LEADING_ZER3S to the value TRUE.

{

{ When the target_length linciuding leading zaross if any) is
{1ess than the size of the target area» bltanks may be used to
{fill in the rest of the area,

{

{ When JUSTIFICATION is MLCSRIGHT_JUSTIFY, bhlank €i11 is used. For
{MLCSLEFT_JUSTIFYy no fill is done.

{

{ ACTUAL_TARGET_LENGTH is the number of non=-blank ASCII characters
{written to the target.

{

{ STATUS MLESLOSS_OF _SIGNIFICANCE is returned whenever the target
{field is too small to contain the converted source. Truncation of
{digits at the left occurs for right justification. Truncation at
{the right occurs for left justification,
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3+5.17 MLPSDUTPUT_FLOATING_DIGITS

{ MLD$OFD = Declare mipSoutput_floating_digits }

PROCEDURE [XREF] mipsoutput_floating_digits (source: “cell;

source_1length: mitsstring_length;

target: “cell;

target_length: mitsstring_length;

feading_blanks: mitsstring_lengths;

leading_zeroes: mit$string_dength;

decimal_point: mitsstring_length;

sign_characters chars

VAR status: mitserror);

{ FUNCTION: Genersate an ASCII floating point mantissa given an ASCII
{or unpacked decimal traiting sign combined hollerith string of
{digits and formatting information.

{

{ The value of DECIMAL_POINT is the location in the target "string"
{of the decimal point character., Note that tha first position in the
{string has an index of 0.

{

{ TARGET_LENGTH must be greater than SOURIE_LENGTH + LEADING_BLANKS
{+ ordl SIGN_CHARACTER <> chrl 0 ) ).

{

{ The target area Wity be right=-filtled with »aroes §if necessary to
{entirely fill the field.

{

{ STATUS wil) contain MLESND_ERRDRR,
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345018 MLPSOUTPUT_FLOATING_NUMBER

{ MLDSOFN = Declare mipdSoutput_floating_numnber }

PROCEDURE [XREF] mipSoutput_floating_numbar {source: “cell;
source_length: mitsfloating_1lengths;
target: “cell;
format: mltsoutput_Fformats;
VAR actual_target_iengtht mitdstring_1length;
. YAR status: mit$error);

{ FUNCTION: Convert a floating point number into an ASCII
{representation.,

{

{ FORMAT describes the format of the result string. The names of the
{ordinals for the FORMAT field {(of the same-naned parameter) are
{derived from FORTRAN-style format descristors,

{ When the FORMAT field contains MLCSLIST_DIRECTED, the number is
{output in either a modified E or modified F format., If the absolute
{value of the number is greater than or 2qual to 10%%-56 and less
{than 10%*9, the modified F format is used: otherwise the modified E
{format is used., The DIGITS field gives the numher of digits to
{which the number is roundeds, Trailing zeroes after the decimal
{point are always removed. The SCALE_FACTOR field is ignored;
{rathers a scale_factor of 0 is used for the modified F styles and 1
{is used for the modified E format. The EXPONENT_STYLE ¥Field is also
{ignored. No exponent occurs for F styles ands for F styles the
{width of the field will be the minimum neaded,! If the WIDTH fieid
{is insufficient to hoid the representation with allt DIGITS
{significant digitsy then digits will! be truncated from the right of
{the mantissa in order to fit the representation into WIDTH
{characters.

{ When the FORMAT field does not contain MLCSLIST_DIRECTED, the
{EXPONENT_STYLE field contains either 0 5r the number of digits in
{the exponent. When 0 is provideds the normat FORTRAN style of four
{characters for the exponent is used. When the JUSTIFICATION field
{indicates right justifications blank fill: will occur on the left,
{Otherwise there is no fill,

{

{ ACTUAL_TARGET_LENGTH wiltl contain the nuaber of characters written
{to the target areay excluding any padding.

{

{ STATUS MLES$BAD_PARAMETERS is returned when FIRMAT,WIDTH is
{inconsistent with the other fields of FOMAT, independent of the
{value of the floating point number,

{ STATUS MLESINFINITE is returned whenever the source floating point
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{number is infinite.

{ STATUS MLESINDEFINITE is returned whenever the source floating
{point number is indefinite.

{ STATUS MLESLOSS_OF_SIGNIFICANCE is returhed whenever the
{particular value of the flogting point nunber is not representable
{in the format specified.
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35419 MLPSOUTPUT _INTEGER

35,19 MLPS$DUTPUT_INTEGER

{ MLD$OI - Declare mip$output_integer }

PROCEDURE [XREF]1 mip3output_integer (source: “gell;
source_length: mitsinteger_length;
source_type: mitsinteger_types
target: “cell;
target_tength: mltdstring_length;
justification: mitsjustify;
sign: mitssign_treatment;

VAR actual_target_length: mitsstring_length;
VAR status: mitserror);

{ FUNCTION: Convert an integer into an ASCIT reoresentation.

{

{ When JUSTIFICATION is MLCSRIGHT_JUSTIFY, the target area is
{blank-filled to the left, Otherwise no fill is done,

{

{ ACTUAL_TARGET_LENGTH will contain the number of digits written to
{the target area plus 1, §If there is a sign,

{

{ STATUS MLESLOSS_DF_SIGNIFICANCE is returnhed wheneyer the target
{field is too small to contain the converted source. Truncation of
{the teftmost digits occurs,
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3+5.20 MLPSROUND_FLOATING_NUMBER

{ MLDSRFN - Declare mip$round_floating_number }

PROCEDURE (XREF] mips$round_floating_number’ {source: “cell;
source_length: mitsfloating_1lengths
target: “cell;
number_of_digits: mitsdigit_string_Tlengths
power_of_ten: integer;
VAR status: mitserror);

{ FUNCTION: Convert a floating point number into an ASCII string
{containing the Ffirst NUMBER_OF_DIGITS significant digits {rounded).
{MLPSSCALE_FLDATING_NUMBER must be caliled bafore
{MLPSROUND_FLOATING_NUMBERs and the POWER_NF_TEN resuilt of
{MLPSSCALE_FLOATING_NUMBER must be passed to
{MLPSROUND_FLOATING_NUMBER.

{

{ MLPSROUND_FLOATING_JUTPUT and MLPSSCALE_FLOATING_OUTPUT must be
{used by alt C180 products for the output of floating point
{numbers to ensure uniform representation: throughout the €180
{product set. MLPSOUTPUT_FLOATING_NUMBER witl do this for the user,
{provided that the available floating point Formats of the latfer
{procedure are adequate for the user?s purosase,’

{

{ STATUS MLESBAD_PARAMETERS is returned whenever the floating point
{number is infinite or indefinite. (This shoudd have been caught
{by the call to MLPSSCALE_FLOATING_NUMBER,Y)

{ STATUS MLESDVERFLOW is returned whenever thes rounded source
{number?s POWER_OF_TEN differs from the astual power as passed by
{the caller. The digit string returned is than "10.,.0",

CONTROL DATA CORPORATION ~ COMPANY PRIVATE - Revision E
3-24
€180 Common Modules Mathematical Library {IMML) ERS
35708723
3,0 NUMERIC CONVERSION AND ASSEMBLY LANGUAGE SUPPART ROUTINES
35421 MLPSSCALE_FLOATING_NUMBER




3+5421 MLPSSCALE_FLOATING_NUMBER

{ MLD$SFN - Declare mip$sscale_floating_number ?}

PROCEDURE [XREF] mipsscale_floating_number {source: "cell;
source_length: mitsfloating_1Jlengths
VAR poser_of_ten: integer;
VAR status: mit$error);

{ FUNCTION : Determine the value of the {decimal) exponent of a
{floating point number in the form dedd seie F oW

{

{ POWER_OF_TEN will contain O if the floating point number is zero.
{Dtherwises if x is the absolute value of the FTloating point number
{and 1.0 <= x % 10%%e < 10.0s then POWER_T~A_TEN wiil contain e,

{

{ STATUS MLESINDEFINITE is returned whenver the source is
{indefinite. STATUS MLESINFINITE is returnesd whenaver the source is
{infinite.
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3.5.22 MLPSSCAN_BYTES

{ MLD$SCA - Declare mipsscan_bytes }

PROCEDURE [XREF] mip$scan_bytes (source: “cell;
source_length: mitéstring_Jlength;
scan_tables “cells;

VAR number_not_matching: mit$string_ilength;
VAR status: mitserror);

{ FUNCTIDN: Provide access to the scan bytes while non-member {(SCNB)
{C180 hardware instructions without restricting the caller to
{1engths less than or equal to 256 bytes,.

{

{ STATUS will contain MLESNO_ERROR,
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35423 MLPSTEST_FOR_EXCEPTION



{ MLD$TEX = Declare mlpstest_for_exception }

PROCEDURE [XREF]1 mipsStest_for_exception (source?: “cell;
VAR status: mitserrord;

{ FUNCTION: Test a Tloating point number Ffor infinite or indefinite.
{

{ If the number is indefinite, return MLESINDEFRINITE in STATUS.

{ If the number is infinitey return MLESINFINITE, Dtherwise

{return MLESNO_ERROR.,
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{ MLD$3TRA == Deciare mipstransiate_bytes }

PROCEDURE [XREF] mipstransliate_bytes {(source: “cells
source_length: mitsstring_length;
target: “cell;
target_length: mitsstring_lengths
translation_table: “cells
VAR status: mitserror);

{ FUNCTIDN: Provide access to the translate bvtes (TRANB) C180
{hardware instruction without restricting the sourze or target to
{a maximum of 256 bytes,

{

{ STATUS will atways be MLESNO_ERROR.
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{ MLDVAXF == Declare mip3$VAX_to_180_Fftoating ?}

PROCEDURE (XREF] mipsvax_to_1B80_Ffloating {source: “cell;
spurce_type: mitdvax_floating_type;
targets “cell;
target_ltength: mitsfioating_lengths
VAR status: mitserror);

{ FUNCTION: Convert a VAX flosating point number of the specified
{source_type to a C180 floating point numher of the specified
{target length.

{

{

{ LENGTH AND SIZE INFORMATION FOR FLOATING TYPES:

{

{ TYPE LENGTH EXYPONENT TRUE FRACTION
{ {BYTES) STZE (BITS) SIZE (BITS)
C A L
{

{

{ micsvax_4_F_float 4 3 24

{ micsvax_8_D_float 8 8 56

{ mictvax_B8_6G_float 8 11 53

{ micsvax_16_H_float 16 15 113

{ mict$single_precision 8 15 48

{ mlictdouble_precision 16 15 96

{

{

{ ERROR STATUS:

{MLESBAD_PARAMETERS is returned whenever source _tyoe or target_
{1ength is out~-of~-range,

{

{All VAX Reserved 0Operand values are converted to C180 +INFINITE
{and status MLESINFINITE is returned.

{

{No other errors can occur for mic$vax_4_F_float type conversion.
{Such values can always be converted exact!y to [180 floating
{point formats.

{

{Micsvaex_B8_d_float and mic$vex_B_g_float VYAX values can always be
{represented within range in C180 format r'egardliess of target
{lengthe However, significance can be lost as a result of the
{femwer number of fraction bits available for C180 single_precision
{floating point format. The result is rounded to 48 bits of
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{significance and MLE$LOSS_OF_SIGNIFICANZE is returned. Signif-
{icance can be preserved for these VAX 8-byte types by specifying
{C180 mictdouble_precision for the target_tlenagth.

{
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{VAX micsvax_16_H_float values can exceed 2182 double precision
{values in both range and precision. Since there is such a large
{difference in the number of fraction bits between the VAX and
{C 180 1b6-byte floating point formatss the r2asult Is rounded to
{96 bits of precisions but no loss_of_significance error will be
{signaled for these conversions unless the target length was
{specified as mic$single_precision, '

{

{The table below shows the result and errar status Ffor VAX wvalues
{that are out-of-range for (180 single and douhle precision
{floating point numbers. VAX values that convert to C180 values
{with the following C180 biased exponents will produce the
{findicated results, The exponents incliude the sign bHits

{

{

{ C180 BIASED EXPONENT RESULT FRAOR STATUS
_— e————————— e
{

{

{ OXXX or 8XXX 0 MLESNO_ERRDOR
{

{ 1000-2FFF or 9000-AFFF 0 MLESUNDERFLOW
{

{ 5000-6FFF +INFINITE MLESOVERFLOW
{

{ DOOQ-EFFF -INFINITE MLESOVERFLOW
{

{ 7XXX +INDEFINITE MLESINDEFINITE
{

{ FXXX -INDEFINITE MLESINDEFINITE
{

{ *VAX Reserved (Operandx +INFINITE MLESINFINITE
{

{
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{ MLDVAXL —-— Declare mip3VAX_to_180_fortran_logicai 3}
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PROCEDURE [(XREF] mipsvax_to_180_fortran_1a9gical (source: "cell;
source_tength: mitsvax_logical_1lengths
target: “cell; _
target_lengths: mit$SFORTRAN_logical_langths
VAR status: mltserror);

{ FUNCTION: Convert a VAX Jlogical value to a C180 FDRTRAN
{logical value of the specified length. The right most bit in
{the first byte of the VAX value is used to determine the
{logical vatue. A one bit means TRUE and a3 zero in: this bit
{means FALSE. The 180 FORTRAN logical resutt uses the sign
{bit {bit 0) of the result to indicate its logicall value.,
{The sign bit of the target will be set to a ones for TRUE
{and to a zero for FALSE. The remaining hits in the result
{wili be al! zeros.

{

{ ERRDOR STATUS:

{MLESBAD_PARAMETERS is returned whenever source_Jlength or
{target_length is out-of-range; otherwise, STATUS will always
{be MLESNO_ERROR,

{
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34527 MLPSVAX_TO_180_INTEGER

{ MLDVAXI == Declare mipsVAX_to_180_integar 1}
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PROCEDURE I[XREF]I mip$vax_to_180_integer {(source: “celi;
source_length? mitsvax_integer_tlengths
target: “cells; | '
target_iength: mitsinteger_length;
VAR statuss: mitterror);

{ FUNCTION: Convert a two?'s complement signed integer value in
{VAX format to a signed integer in €180 format, The target result
{is always right-justified with sign extensdinn to the left,

{

{ ERROR STATUS:

{MLE$BAD_PARAMETERS is returned whenever the2 source_length or the
{target_length is out-of-range.

{

{MLESLOSS_DF_SIGNIFICANCE is returned when the YAX number is not
{representable as a €180 number of the spegifiesd Iangth, The €180
{result is truncated at the la2ft to fit the target ¥Field,

{
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{ MLDVAXPD =- Declare mip$VAX_to_180_packed_decimal }
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PROCEDURE [XREF] mipsvax_to_180_packed_decimal {source: “celt;
source_Jlength: mit$vax_vacked_decimal _Yength;
target: “cell;
target_lengtht amitsbdp_length;
VAR status: mitsterror);

{ FUNCTION: Convert a VAX packed decimal vatue of the specified
{1ength to a C180 packed decimal value of the desired target_tength,.
{

{ ERROR STATUS:

{5 TATUS MLESBAD_PARAMETERS is returned whanever the source_length
{or target_tength is out-of-range,

{

{STATUS MLESLOSS_OF_SIGNIFICANCE is returnhed whenever the target
{Ffield is too small to contain the converted saurces., The target
{will contain the rightmost significant digits of the converted
{source,

{
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{ MLD$788 ~ Declare mip$l170_to_180_binary }

PROCEDURE [XREF] mip$170_to_180_binary {(sourcet "cell;
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source_ftength: mitsstring_length;
source_bit_offset: 2 .. 73
target: “cell;
target_tength: mit$string_tlength;
target_bit_offset: 0 .. 73

VAR status: mits$error);

{ FUNCTION ¢ convert a £170 bit string (in 6 of 8 format) into a
{C180 bit stringe Written at the request of tha FMYJ project.,

{

{ Note that both source and target tength are given in bits.

{

{ When the source_Jlength is greater than the target_lengths the
{target field is filled wWwith the leftmost hits of the source with
{no error status returned,

{

{ When target_length is greater than source_length the target is
{right filled with zeroes.,

{ ‘

{ STATUS MLESBAD_PARAMETERS is returned when read-only parameters
{are out of range.,
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3.5+30 MLP$170_TO_180_FLOATING

{ MLD$78F - Declare mip$170_to_180_floating }

PROCEDURE [XREF) mip$l70_to_180_floating (source: “celt;
target: “cell;



sizes mitsflioating_Jlength;
VAR status? mit$error);

{ FUNCTION: Convert a floating point numbhar in 0170 notation (6 of B
{format) to a C180 floating point number.‘ﬂritten at the request of
{the FMU project.

{

{ STATUS MLESBAD_PARAMETERS is returned ahenever size is osut of
{range,

{ STATUS MLESINFINITE is returned when the [170 number has the
{exponent 3777{8) or 4000{8); the C180 valiie raturned is +/—- INF.

{ STATUS MLESINDEFINITE is returned when the 170 number has the
{exponent 1777{(8) or 6000(8); the C180 value returned is #/- INDEF.
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35431 MLP$170_TO_180_INTEGER

{ MLD%781 - Declare mip$170_180_integer }

PROCEDURE L[XREF) mip3$170_to_180_integer {source: “cell;
source_length: 1 .. 10;
target: “cell;



target_length: mit$integer_Jength;
‘target_type: mitdinteger_type;
VAR status:? m!tserror);

{ FUNCTION: Convert an integer in C170 6 of 3 format to an integer
{in C180 format. The target is always right-justified with sign
{extension to the left.

{

{ C170 negative zero is represented as zern {(0..0) on the C180.

{ .

{ STATUS MLES$BAD_PARAMETERS is returned whenever a read-only
{parameter is out-of-range.,

{ STATUS MLESLOSS_OF_SIGNIFICANCE is returhed when the C170 number
{is not representable as a C180 number of the specified length
{and type., Truncation at the left occurs to force-fit the
{remainder.
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35032 MLP$180_TO_170_BINARY

{ MLD$87B - Declare mip3180_to_170_binary }

PROCEDURE [XREF] mip3180_to_170_binary {source: "“cell;
source_length: mltsstring_length;
source_bit_offset: 0 ++ 7;
target: "cell;



target_ltength: mitsstring_tlengths;
target_bit_offset: 2 «» 73
VAR status: mitserror);

{ FUNCTION: Convert C180 bit strings {non-aligned) into C170 bit
{strings {also non—-aligned) in 6 of 8 format. Written at the
{request of the FMU project.

{ ; ‘

{ Note that both SDURCE_LENGTH and TARGET_LENGTH are in bits.

{ N
{ When TARGET_LENGTH is greater than SDURZE_LENGTHs the target is
{right filled with zeroes.

{

{ When SOURCE_LENGTH is greater than TARGET_LENGTHy the target is
{filled with the teftmost bits of the sourtce. Vo arror status is
{recorded.

{

{ STATUS MLES$BAD_PARAMETERS is returned whenever a READ only
{parameter is out-of-range.
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3533 MLP$180_TO_170_FLOATING

{ MLD$87F - Dectare mip$180_to_170_Ffloating ?}

PROCEDURE [XREF) mip3180_to_170_floating {sourcet “cell;
target: "cell;
size: mitsfloating_length;
VAR status: mitserror);s



{ FUNCTIDN: Convert a (180 floating point number into a C170
{floating point number {in 6 of 8 format), Written at the

{request of the FMU project,

e _

{ STATUS MLES$BAD_PARAMETERS is returned if size §s out of range.

{ STATUS MLESUNDERFLOW is returned when the {180 exponent is too
{smail to be represented in C170 formats Zero is returnad as the
{vatue of the {170 number,

{ STATUS MLESOVERFLOW is returned when the 180D exponent is too
{large to be represented in C170 format. The £170 value returned
{in the case is 3777000000G6000000000{(8)» or" 402002000000000000001(8)
{if the C180 number is negative.

{ STATUS MLESINFINITE is returned whenever' the C180 number is +/-
{INF. The C170 number returned will be 3777D0..0(8) or 4000..0(8B)>»
{respectively,

{ STATUS MLESINDEFINITE is returned whenever the C180 number is +/-
{INDEF, The C170 number returned will be 17770.0(8) or 8000.+.01{8)»
{respectively.
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3¢5¢34 MLP$180_TO_170_INTEGER

{ MLD387I - Declare mip$180_to_170_integer 1}

PROCEDURE [XREF] mip$180_to_170_integer (source:s “cell;
source_Jdength: mitsinteger_length;
source_type: mitsinteger_type;
target: “cells;
target_length: 1 .. 10;
VAR status: mitserror);



L FUNCTION: Convert an integer in C180 format intn an integer in
{C170 format (6 of B)s The target field is always riight-justified
{with sign extension on the left, Written at the request of the FMYU
{project.

{

{ STATUS MLESBAD_PARAMETERS is returned whenever a read-oniy
{parameter is out-of-range.,

{ STATUS MLESLOSS_OF_SIGNIFICANCE is returned whenever the €180
{number is not representable in the spacified 2170 format.
{Truncation occurs at the left of the source to force fit the
{remainder.

CONTROL DATA CORPORATION = COMPANY PRIVATE - Revision E
Al-1

€180 Common Modules Mathematical Library {(ZMML) ERS
85708723

Al.0 TYPES AND CONSTANTS FOR SUPPORT ROUTINES

- e T U A N - - - - - - -~ - -

- —— - - - - v - - - S AR T — Y -

The CMML-defined types and constants used in the Common Support routines
and their specifications are described here as CYBIL declarations.
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{ MLTB8DPL —-- Declaration of mlt$bdp_length }

CONST
micsmin_bdp_Jength = 0y
mic$max_bdp_tlength = 383

TYPE
mitsbdp_length = mictmin_bdp_iength .. nalcsmax_bdp_dength;
Al.2 MLTS$BDP_TYPE

—————_—— o~ -~

{ MLTBDP -~ Declaration of mitsbdp_type }

TYPE
mitsbdp_type = {mlcépacked_unsigneds mloSpacked_unsigned_siacks
mic$packed_decimal_signeds mic$packed_decimal_signed_slack,
mlcSunpacked_unsigneds micSunpacked_traiting_hotllerith,
micsunpacked_tralling_separatey mlcsunnoacked_lieading_hollerith,
mlctunpacked_leading_separates micsaldphanumericy
mic$binary_unsigneds mic$hinary_signed,
micstranslated_packed_signeds mic$transtated_sacked_siack,
mic$translated_binary_unsigneds mic$transiated_binary_signed);
Al.3 MLT3COMPARE

{ MLTCOMP == Declaration of mit$compare }

TYPE
mitscompare = {mic$equaly mic$source_is_areatery» mic$unordered,
mic$target_is_greater);
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{ MLTDSL -=- Declaration of mitsdiglt_string_1langth }

CONST
mic$min_digit_string_length = 0,



mictmax_digit_string_tength = 35;

TYPE

mit$digit_string_Jlength = m!c$mih_digit;étrlna_ikngth
mictmax_digit_string_lengths;
Als5 MLTSERRDR

- — - -~

{ MLTERR == Declaration of mitserror 3}

TYPE

mit$error = (mietno_errors mledsinvalid_hdp_datas
mlestoss_of_significances mletoverflows, mlasunderflows

mietindefiniter mlesinfinite, mietbad_bparaneter’'sy
miesno_digits);

Ale.6 MLTSEXPONENT_STYLE

- A .

{ MLTES =- Deciaration of mitsexponent_stylie }

CONST
micétmin_exponent_style = 0y
mictmax_exponent_style = 6;

TYPE
mit$exponent_style = micémin_exponent_style .,

mictmax_exponent_styte;
Als7 MLTSFLOATING_INPUT

Y . VD T D W Y T S T

{ MLTFI -- Declaration of mitsfloating_input 1%
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TYPE

mit$sfloating_input = array {1 .. 1201 of cells
Als8 MLTSFLOATING_LENGTH
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{ MLTFL == Dectlaration of mitsfloating_dength }

TYPE
mlitsfloating_length = (mlcssingle_precisions
mictdoubie_precision);

Al.9 MLTSFORMAT

——— . — o~ v v

{ MULTFORM —— Declaration of mit$format }

TYPE
mit$sformat = (mlcsf_styles micte_styler nicig_Sstyles
mic$list_directed, micsnamelist);

Al.10 MLTSFORTRAN_LOGICAL_LENGTH

—— - - ———

{ MLTFTLL == Deciaration of mitsfortran_lngical_langth }

TYPE
mitsfortran_Jlogical_length = 1 .. 8}

Al.11 MLTSHANDLE_BLANKS

——————— —— - —— - ——

{ MLTHB =-- Declaration of mit$handle_blanks }

TYPE
mitdhandlie_blanks = {(mic$ignore_blankss nlcsstoo_on_blank,
mictblanks_equal_zero);
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{ MLTIL == Declaration of mitsinteger_%ength 3}

CONST
michmin_integer_Jlength = 1,
mictmax_integer_Jength = 83

TYPE
mitsinteger_length = mic$min_integer_length .
mictmax_integer_length;
Al.13 MLTSINTEGER_TYPE

{ MLTIT -- Declaration of mitSinteger_type 1}

TYPE
mit3integer_type = {mic$signed_integers, nlcsunsigned_integer);
Al.14 MLTSJUSTIFY

————— . oo~ — -

{ MLTJUST =-- Declaration of mits justify 1}

TYPE
mits justify = {(micS$left_justify, micSright_Jjustify)s
Al.15 MLTSNON_DECIMAL_BASE

——————— T — . —— >~ -~

{ MLTNDB ~~ Type declarations for numeric conversion routines }

TYPE
mltsnon_decimal_base = (mic$binary, micinctal)y nicshexadecimal);
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{ MLTOF —-- Deciaration of mitsoutput_format }

TYPE

mltdoutput_format = record
jJustification: mitsjustify,
sign: mitssign_treatment,
format: mitsformat,
scale_factors: integer,
Wwidth: mitsstring_lengthy
digits: mitsstring_length,
exponent_character: chars
exponent_style: mit$exponent_styles

recend;

Al.17 MLTSSIGN_TREATMENT
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{ MLTST == Declaration of mitssign_treatment }-

TYPE
mit$sign_treatment = {(mlciminus_if_negative,
Al.1B MLTSSTRING_LENGTH

T RS W N D D WATD. VA T D S W W

{ MLTSL -- Declaration of mitéstring_tength }

CONST
mlictmin_string_tength = Oy
micimax_string_length = 7fFfffffi{l16);

TYPE

mitsstring_length = mlcsmin_string_1ength ..
mlicimax_string_length;
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Al.19 MLTSVAX_FLOATING_TYPE

— - ———— —

{ MLTVXFT == Declaration of mitsvax_Ffloating_tyoe }

TYPE
mittvax_floating_type = (micSVAX_4_F_Ffloaty nlctVAX_B8_D_floaty

mic3VAX_B8_G_floaty micSVAX_1l6_H_float):

- -

Ale20 MLTSVAX_INTEGER_LENGTH

- —— N — 1

{ MLTYXIL == Declaration of mitsvax_integer _tength }

CONST
micimin_VAX_integer_tength = 1,
mictmax_VAX_integer_length = 8;

TYPE
mitSVAX_integer_length = mlicsmin_VAX_integer_length ..
mictmax_VAX_integer_lengths

Al.21 MLTSVAX_LOGICAL _LENGTH

L ——— N ks Y -

{ MLTVXLL =-- Declaration of mit$svax_logical_length }

TYPE
mitsvax_Jlogical_length = (mlicsvax_logical_1» mlctvax_logical_2,
micsvax_Jlogical_4);

Al.22 MLTSVAX_PACKED_DECIMAL_LENGTH

—— -y . - e we

{ MLTVYXDL =-- Declaration of mitsvax_packed_decimal_1length }

TYPE
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Al.22 MLTSVAX_PACKED_DECIMAL_LENGTH

——— v——— w—— e

. ——— - ——— -

mitsvax_packed_decimal_length = 1 .. 193
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The error numbers and message templates ¥for the CMML Math Library
functions are contained in this appendix. The function input
parameter{s) are displayed along with each error message,

{ MLCBEN —-- Definition of CMML base error’ number }

CONST
mic$base_err_num = 670000;

{ MLEACDS == Error numbers for ACDS }

CONST

miedacos_arg_indef = mic$base_err_num + 1,
{F +N+P{+P)., Argument indefinite.

mle$acos_arg_inf = mic$base_err_num + 2,
{F +N+P{+P). Argument infinite.

miat$acos_arg_range = mictsbase_err_num + 3
{F +N+P{+P), Argument must be in range [-1.0,1.01.3

-
2

{ MLEAINT ~-- Error numbers for AINT }

CONST

mlesaint_arg_indef = mictbase_err_num + 4,
{F +N+P{+P)s Argument indefinite.}

mietaint_arg_inf = mictbase_err_num + 5
{f +N+P{(+P), Argument infinite,)}

H
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{ MLEALN == Error numbers for ALOG }

CONST

mietsalog_arg_indef = mictbase_err_num + hs
{F #+N+P{+P). Argument indefinite.}

miesalog_arg_inf = mic$base_err_num + 7,
{F +N+P{4+P). Argument infinite.}

mletalog_arg_0 = micsbase_err_num + B8,
{F +N+P{0.0)+ Argument must be > D.0.}

mledalog_arg_neg = mic$base_err_num + 9
{F +N+P{+P). Argument must be > 0.0.}

.
2

{ MLEALOG ~— Error numbers for ALOG10 }

CONST

mledaloglO_arg_indef = mlc$base_err_nun: + 10»
{F +N+P(+P). Argument indefinite.}

mie$aloglO_arg_inf = mictbase_err_num + 11,
{F #+N+P{(+P), Argument infinite.}

mietbatoglO_arg 0 = mic$base_err_num + 12,
{F #N+P{0.0)+ Argument must be > 0.0.3}

mie$aloglO_arg_neg = mic$base_err_num + 13
{F +N+P{+P)s Argument must be > 0.0.2}

.
4

{ MLEAMOD -- Error numbers for AMOD }

CONST
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miedamod_argl_indef = mictbase_err_num + 14,
{F +N+P(argl=+Pyarg2=+P). Argl indefinite.}

mtedamod_arg2_indef = micsbase_err_num + 15,
{F #N+Plargl=+Psarg2=+P), Arg2 indefinite.}

miesamod_argl_inf = mic$base_err_num + 1h»
{F +N#+Plargl=+Pyarg2=+P). Argl infinite.}

mie$Samod_arg2_inf = micibase_err_num + 17,
{F +N+P{argl=+Psarg2=+P), Arg?2 infinita,?}

miesamod_arg2_.0 = mic$base_err_num + 18,
{F #+N+P{(argl=+Pyarg2=0.0)s Arg2 must be nonzero.?}

mle$amod_args_range = micSbase_err_num + 19
{F #+N+Plargl=+Pyarg2=+P), Argl/arg2 infinite.}

»
?

{ MLEANIN == Error numbers for ANINT }

CONST

miebanint_arg_indef = mic$base_err_num + 20,
{F +N+P{+P). Argument indefinite.}

mie$anint_arg_inf = mlc$base_err_num + 21
{F +N+P{+P). Arg infinite.}

-
2

{ MLEASIN == Error numbers for ASIN }

CONST

mle$Sasin_arg_indef = mic$base_err_num + 22,
{F +N+P{+P). Argument indefinite.}

miedasin_arg_inf = micsbase_err_num + 273,
{F #+N+P{+P). Argument infinite.}
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mie$asin_arg_range = mictbase_serr_num + 24
{F +N+P{+P), Argument must be in range [~-1.0+1,01,3}

-
>

{ MLEATAN ~-- Error numbers for ATAN }

CONST

mie$atan_arg_indef = mict¢base_err_num + 25
{F +N+P{+P)., Argument indefinite.}

»
b

{ MLEATN2 ~= Error numbers for ATAN2 )}

CONST

mietatan2_argl_indef = mic$base_err_num + 26,
{F +N+Plargl=+Pyarg2=+P). Argl indefinite.}

miedatan2_arg2_indef = mic$base_err_num + 27,
{F +N+Plargl=+Psarg2=+P). Arg2 indefinite,}

mletatan2_args_inf = mic$base_err_num + 28,
{F +N+P(argl=+Pyarg2=+P), Both arguments infinite,}

mie$atan2_args_0 = mic$base_err_num + 29,
{F +N+P{0.050.0). One argument must be nonzero.}

miesatan2_args_range = mic$base_err_num + 30
{f +N+P{argl=+Prarg2=+P), Arg2 must be zero if argl/arg?
{infinite.}

.

’

{ MLEATNH == Error numbers for ATANH }

CONST
miesatanh_arg_indef = mict$base_err_num + 31,
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miedatanh_sarg_inf = mlcsbhase_err_num + 32,
{F #+N+P{+P). Argument infinite.}

mie$atanh_arg_vrange = mic%$base_err_num + 33
{F #N+P{+P), ABS{argument) must be < 1.D.}

.
?

{ MLECABS == Error numbers for CABS }

CONST

mle$cabs_arg_indef = mic$base_err_num + 34
{F #N+P{{(+P»+P)), Argument indefinite.}

mie$cabs_arg_inf = mic$base_err_num + 35,
{F +N+P{{+Py+P}). Argument infinite.}

mie$cabs_result_inf = mic$base_err_num + 35
{F #N+P{{(+P,+P)). Result infinite.}

H
{ MLECCOS == Error numbers for CCOS }

CONST

mliedccos_arg_lindef = mic$bhase_err_num + 37,
{F +N+P{{+P,+P)). Argument indefinite.}

mietccos_arg_inf = mlcsbase_err_num + 33,
{F +N+P{(+Ps+P)). Argument infinite.}

miesccos_real_range = mic$base_err_num + 39,
{F +N+P{{(+Ps+P)). ABS{real part) must be < 2,k%47,3%

miedtccos_imag_too_big = mictbase_err_nun:+ 40,
{F +N+P{{(+Py+P)). Imags. part must be < %095,.,%LNG(2).,}

miedsccos_imag_too_small = mictbase_err_num + 4}
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{ MLECEXP == Error numbers for CEXP 1}

CONST

mliedbcexp_arg_indef = micsbase_err_num + 42,
{F #+N+P{{+Py+P)). Argument indefinite.}

mieScéxp_arg_inf = mic$base_err_num + 43,
{F +N+P{(+P»+P)), Argument infinite.}

mle$Scexp_imag_range = mic$base_err_num + &4»
{F #N+P({+P,+P)), ABS(imag. part) must he < 2,%%47,}

mietScexp_real_range = mictbase_err_num + 45
{F +N+P{{4Py+P)). ABS{real part) must be < 4095.,%L0G{2).}

»
b

{ MLECLOG =~ Error numbers for CLOG }

CONST

mie$clog_arg_indef = mic$base_err_num + 45,
{F +N+P({(+Ps+P)). Argument indefinite,}

mie$clog_arg_inf = mictbase_err_num + 47,
{F +N+P({{+P,4P)), Argument infinite.}

mletclog_abs_arg_inf = micsbase_err_nun + 48,
{F +N+P{{+P»+P)). ABS{argument) infinite.?}

miesclog_arg_0 = mlic%$base_err_num + 49
{F +N+P(0.0). One of real or image. parts must he nonzero.}

.
b4

{ MLECOS == Error numbers for C0OS }
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miescos_arg_indef = micibase_err_num + 59,
{F #+N+P(+P). Argument indefinite.}

mleScos_arg_inf = mlctbase_err_num + 51,
{F +N+P{+P). Argument infinite.}

mie$cos_arg_range = micthase_err_num + 52
{F +N+P{+P)s ABS({argument) must be < 2.%%47,}

»
>

{ MLECOSD == Error numbers for COSD }

CONST

miedcosd_arg_indef = mic$hase_err_num + 247,
{F #+N+P{(+P). Argument indefinite.}

mie$cosd_arg_inf = mic$base_err_num + 248,
{F +N+P{4+P). Argument infinite,}

mlescosd_arg_range = mic$base_err_num + 249
{F +N+P{+P). ABS{argument) must be < 2.%%47,}

.
?

{ MLECOSH == Error numbers for COSH }

CONST

mle$cosh_arg_indef = mictbase_err_num + 53,
{F +N+P{+P), Argument indefinite.}

mie$cosh_arg_inf = mlcébase_err_num + 5%,
{Ff +N+P(+P)., Argument infinite.}

mie$cosh_arg_range = mictbase_err_num +# 595
{F +N+P(+P). ABS{argument) must be < 24795.%¥LIG{2) .}
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{ MLECOTAN -- Error numbers for COTAN )

CONST

mie$cotan_arg_indef = mictbase_err_num + 254,
{F +N+P{+P)s Argument indefinite.}

mliescotan_arg_inf = mlc$base_err_num + 255,
{F +N+P{(+P). Argument infinite.}

mliescotan_arg_range = mic$base_arr_num + 255,
{F +N+P(+P), ABSlargument) must be < 2.%¥47,}

miescotan_arg_0 = mictbase_err_num + 265
{F +N+P{0.0)+ Argument must be nonzeros.}
H

{ MLECSIN == Error numbers for CSIN }

CONST

mle$csin_arg_indef = milc$base_err_num + 55,
{F +N#+P({{+P»+4P))s Argument indefinite.}

mies$csin_arg_inf = micsbase_err_num + 57y
{F +N+P{{+P»+P)). Argument infinite.}

miescsin_real_range = mic$base_err_num + 58,
{F +N+P{(+Ps+P})). ABS{real part) must he < 2.%%47,}

mie$csin_imag_range = mictbase_err_num + 59
{F +N+P{(+P»+P)). ABS{imags. part) must be < 4095.*%L0G(2).}

H
{ MLECSQT == Error numbers for CSQRT 2}
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mle$csgrt_arg_indef = micébase_err_num + 6D,
{F +N+P{{+Ps+P)). Argument indefinite.}

-

. e W e

A W G e N G ER A W SN e e B



mletcsqrt_arg_inf = mlc$base_err _num + H81s

{F #N+P((+P,+P)). Argument infinite.}

mliescsqrt_arg_range = mic$base_err_num + 52
{F +N+P{({+P,+P)), ABS{argument) + ABS{real nart) infinite.}

.
b4

{ MLEDACS == Error numbers for DACOS 2}

CONST

miesdacos_arg_indef = mictbase_err_num + 573,

{F +N+P(+P). Argument indefinite.}

mie$dacos_arg_inf = michbase_err_num + 54,

{F +N#+P(+P)., Argument infinite.}

mleddacos_arg_range = mic$base_err_num + A5
{F #N+P{(+P). Argument must be in range [-1.0,1.01.2}

»
I

{ MLEDASN =- Error numbers for DASIN }

CONST

mletdasin_arg_indef = mictbase_err_num + 56,

{F +N+P{+P). Argument indefinite.}

mlesdasin_arg_inf = mlc$base_err_num + 57,

{F +N+P(+P)+ Argument infinite.}

mletdasin_arg_range = mictbase_err_num + 568
{F +N+P{+P), Argument must be in range [~-1.051.01.2}

-
1
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{ MLEDATN == Error numbers for DATAN }

CONST



mie$datan_arg_indef = mic$base_err_num + 59
{F +N+P(+P)., Argument indefinite.}

»
»

{ MLEDINZ == Error numbers for DATANZ }

CONST
mle$datan2_argl_indef = mic$base_err_nun & 70y
{F +N+P(argl=+Psarg2=4+P), Argl indefinite.}

mle$datan2_arg2_indef = micsbase_err_nun + 715
{F #+N+P({argl=+Psarg2=+P). Arg2 indefinite,}

mlet$datan2_args_inf = mic$base_err_num + 725
{F +N+P{argl=+Psarg2=+P). Argl and arg? may not both be infinite.,}

miesdatan2_args_0 = mic$base_err_num + 73
{f #+N+P{D+050.0), One of argl or arg?2 must be nonzero.}

-
»

{ MLEDCOS =~ Error numbers for DCOS 3}

CONST

mie$dcos_arg_indef = micSbase_err_num + 7%,
{F +N+P{+P). Argument indefinite,}

mle$dcos_arg_inf = mictbase_err_num + 75,
{F +N+P(#+P). Argument infinite.}

mle$dcos_arg_range = mlicsbase_err_num + 7%
{F +N+P{+P)., ABS{argument) must be < 2.,%%47.}
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CONST

miaddecosh_arg_indef = micsSbase_err_num + 77,
{F +N+P(+P)., Argument indefinite.}

mie$dcosh_arg_inf = mictbase_err_num + 783,
{F +N+P{(+P)., Argument infinite.}

mie$dcosh_arg_range = mic$base_err_num + 79
{F #N+P{4+P), ABS{largument) must be < 4095.%L06{2).}

.
)

{ MLEDDIM —-- Error numbers for DDIM 3}

CONST

miesddim_argl_indef = mic$base_err_num *+ 30,
{F +N+Plargl=+Pyarg2=+P). Argl indefinite.?

mledddim_arg2_indef = mic$base_err_num + 81,
{F +N+P(argl=+Pyarg2=+P)e Arg2 indefinite,?

mie$ddim_argl_inf = mic$base_err_num + 32,
{F #+N+Plargl=+Prarg2=+P). Argl infinite.,}

miesddim_arg2_inf = mic$base_err_num + 83,
{F ¥*N+Plargl=+#Pyarg2=+P)s Arg2 iInfinite,}

mie$ddim_result_inf = mictbase_err_num + 8%
{F +N+P(argl=+Psarg2=+P). Result infinite,?}

.
’

{ MLEDEXP =-- Error numbers for DEXP }
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CONST

mie$dexp_arg_indef = mic$base_err_num + 85,
{F #+N+P(+P), Argument indefinite.}

mlesdexp_arg_inf = mic$base_err_num + 85,
{F +N+P{+P). Argument infinite.}



mletdexp_arg_too_big = mictbase_err_nun + 87,
{F +N+P{4P)» Argument must be < %095.%L3G{2).}

mie$dexp_arg_too_small = mic$base_err_numn + 88
{F +N+P(+P), Argument must be > =4095.,%L0G{(2).}

»
b ]

{ MLEDIM == Error numbers for DIM }

CONST

miesdim_argl_indef = mic$base_err_num + 899,
{F +N+Plargl=+Psarg2=+P). Argl indefinite,?

mle$Sdim_arg2_indef = mic$base_err_num + 90,
{F #+N+P(argi=+Psarg2=+P). Arg2 indefinite,?}

mlesdim_argl_inf = micsbase_err_num + 915
{F +N+Plargl=+Psarg2=+P). Argl infinite.?}

mlesdim_arg2_inf = mlc$base_err_num + 92»
{F +N+Plargl=+Psrarg2=+P). Arg2 infinite.?

miesdim_result_inf = mic$base_err_num + 93
{F +N+P{argl=+Psarg2=+P), Result infinite,?

.
’

£ MLEDINT =~ Error numbers for DINT }

CONST

miesdint_arg_indef = mic$base_err_num + 34,
{F +N+P(4+P). Argument indefinite.}
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miesdint_arg_inf = mic$base_err_num + 95
{F +N+P(+P). Argument infinite.}
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{ MLEDLN == Error numbers for DLDOG }



CONST

mlesdiog_arg_indef = mic$base_err_num +. 95,
{F +N+P{(4P), Argument indefinite,}

mietsdiog_arg_inf = mic$base_err_num + 97,
{F #+N+P(+P). Argument infinite.}

miesdliog_arg_0 = micS$base_err_num + 98,
{F +N+#P{0.0)+ Argument must be > 0.0.}

mie$diog_arg_neg = m!cibase-erf_num + 933
{F +N+P(#P). Argument must be > 0,0.3}

»
s

{ MLEDLOG =-- Error numbers for DLOG10 }

CONST

mie$dloglO_arg_indef = mictbase_err_num + 100,
{F +N+P{+P)., Argument indefinite.}

mie$dloglO_arg_inf = mic3base_err_num + 101,
{F +N+P(+P). Argument infinite.}

mie$dlioglO_arg_O0O = micsbase_err_num + 102,
{F +N+P{0.0). Argument must be > 0.0.}

mliesdioglO_arg_neg = mictbase_err_num + 103
{F +N+P{+P), Argument must be > 0.,0.}

-
b
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{ MLEDMOD == Error numbers for DMOD 2}

CONST

mieddmod_argl_indef = mic%base_err_num + 104,
{F +N+P{argl=+Pyarg2=+P). Argl indefinite,}

mie$dmod_arg2_indef = mic$base_err_num +# 105,



{F +N+P{argl=+Prarg2=+P)s Arg2 indefinite,?}

mle$sdmod_argl_inf = mic$base_err_num + 1056,
{F #+N+Plargl=+Pyarg2=+P})s Argl infinite.}

mlesdmod_arg2_inf = mictbase_err_num + 107,
{F +N+Plargl=+Pyarg2=+P)s. Arg2 infinite.?}

mle$sdmod_arg2_0 = mic$base_err_num + 108,
{F +N+Plargl=+Psrarg2=0.,0). Arg2 must be nonzero.}

mle$dmod_args_range = mic$base_err_num + 109
{F #N+P{argl=+Psarg2=+P)., Argl/arg2 infinita,?

.
’

{ MLEDNIN == Error numbers for DNINT 2

CONST

mlesdnint_arg_indef = mic$base_err_num + 119,
{F #+N+P{+P). Argument indefinite.}

mlesdnint_arg_inf = mic$base_err_num + 111
{F +N+P{+P), Argument infinite.}

»
2

{ MLEDPRD ==~ Error numbers for DPROD }

CONST
mle$dprod_argl_indef = mic$base_err_nun + 112,
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{F +N+P(argl=+Psarg2=+P)s Argl indefinite.}

mieddprod_arg2_indef = mic$base_err_nun + 113,
{F +N+P{argl=+Psarg2=+P). Arg2 indefinite.}

mle$dprod_argl_inf = mic$Sbase_err_num + 114,
{F +N+P{argl=+Pyarg2=+P), Argl infinite,?}

mieSdprod_arg2_inf = mict$base_err_num +# 115,
{f +N+Plargl=+Psarg2=4+P). Arg2 infinita.?



miesdprod_result_inf = mictbase_err_nun + 1156
{F +N+Plargl=+Prarg2=+P). Result infinite,?

.
H]

{ MLEDSIN == Error numbers for DSIN }

CONST

miesdsin_arg_indef = mic$base_err_num + 117,
{F +N+P{+P), Argument indefinite.}

mie$dsin_arg_inf = mic$base_err_num + 113,
{F +N+P(+P). Argument infinite.}

mleddsin_arg_range = mic$base_err_num + 119
{F +N#P{(+P). ABS{argument) must be < 2.%%¥47,}

-
H

{ MLEDSNH -- Error numbers for DSINH }

CONST

miesdsinh_arg_indef = mlictbase_err_num + 12D,
{F +N+P{+P). Argument indefinite.}

mliesdsinh_arg_inf = mlic$base_err_num + 1215
{F +N+P{(+P). Argument infinite.}

miesdsinh_arg_range = mlic$base_err_num + 122
{F +N+P{+P). ABS{argument) must be < 40935,.,%L.035(2).}
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{ MLEDSQT -- Error numbers for DSQRT }

CONST

mie$dsqrt_arg_indef = mic$base_err_num + 123,
{F +N+P{+P). Argument indefinite,}



mieddsqgri_arg_inf = migsbase_err_num + 124,
{F +N+P{4+P). Argument infinite.}

mlesdsqrt_arg_range = mic$base_err_num * 125
{F +N+P({+P)., Argument must be >= 0.0.}

.
»

{ MLEDTAN == Error numbers for DTAN }

CONST

mle$dtan_arg_indef = mictbase_err_num + 1256,
{F +N+P(+P). Argument indefinite.}

mlesdtan_arg_inf = micdbase_err_num + 127,
{F +N+P{+P)., Argument infinite,}

mliesdtan_arg_range = mic$base_err_num + 128
{F +N#+P{+P), ABS{argument) must be < 2,.%¥%47.%}

»
’

{ MLEDTNH == Error numbers for DTANH }

CONST

miesdtanh_arg_indef = mic$base_err_num + 129
{F +N+P(+P), Argument indefinite.}
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{ MLEDTOD == Error numbers for DTOD 3}

CONST

mieddtod_argl_indef = mic$base_err_num + 130,
{F +N+P{argl=+Psarg2=+P), Argl indefinita,?}

miesdtod_arg2_indef = mic$base_err_num + 131,



{¥ +N+P{argl=+Psarg2=+P)s Arg2 indefinite.?}

mlesdtod_argl_inf = mictbase_err_num + 132,
{F #+N+P{argl=+Psrarg2=+P)s. Argl infinite.,?

mliesdtod_arg2_inf = mictbase_err_num + 133,
{F +N+Plargl=+Psarg2=+P)s Arg2 infinite.?

mieddtod_result_indef = mic$hase_err_nun %+ 134,
{F #+N+P{largl=0.0sarg2=4P). If argl=0,0s arg? must be > 0.0.)

mlie$dtod_argl_neg = mic$base_err_num + 135,
{F +N+Plargl=+Psarg2=+P), Argl must be >= 0,0.%

mletsdtod_result_inf = micibase_err_num + 135
{F +N+Plargl=+Psarg2=+P)s Result infinite.}

H

{ MLEDTDI --= Error numbers for DTOI }

CONST

mle$sdtoi_argl_indef = mic$base_err_num + 137,
{F +N+P{argl=+Pyarg2=+P). Argl indefinite.,}

miedsdtoi_argl_inf = mictbase_err_num + 138,
{F #N+Plargl=+P,arg2=+P)e Argl infinite.?

mle$dtoi_result_indef = mic$base_err_nun + 139,
{F #+N+P{argl=0.0»arg2=+P). If argl=0.0» arg2 must be > 0.0.}

miesdtoi_result_inf = mic$base_err_num + 1490
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{F +N+P(argl=+Pyarg2=+P)e Result infinita.,}

.
k]

{ MLEDTOX == Error numbers for DTOX 1}

CONST

mleddtox_argl_indef = micsbase_err_num + 141,
{F +N+Plargl=+Pyarg2=+P). Argl indefinita,}



miesdtox_arg2_indef = micibase_err_num + 142,
{F +N+P{argl=+Prarg2=+P), Arg2 indefinite.?}

mle$dtox_argl_inf = micdhase_err_num + 1%3,
{F +N+Plargl=+Psarg2=4P)s Argl infinite.?

mietdtox_arg2_inf = mictbase_err_num + 14%%,
{F +N+P(argl=*P,argZ§+P). Arg2 infinite,?}

miesdtox_result_indef = mic$base_err_nun + 145,
{F +N+P{argl=0.0sarg2=+P). If argl=0.0s arg? must be > 0.0.3}

mie$dtox_argl_neg = mic3base_err_num + 1%6»
{f +N+Plargl=+Psarg2=+P). Argl must he >= 0,0,}

miesdtox_result_inf = micS$base_err_num + 1%7
{F +N+Plargl=+Psarg2=+P). Result infinite.?}

»
»

{ MLEDTOZ -- Error numbers for DT0Z }

CONST

mie$sdtoz_argl_indef = mictbase_err_num + 148,
{F +N+P{4Ps(+Ps+P))s Argl indefinite.}

mieddtoz_arg2_indef = mic$base_err_num + 149,
{F #N+P(+P,(+P,s+P))s Arg2 indefinite.}

mie$dtoz_argl_inf = mic$base_err_num + 15D,
{F #+N+P(+P,(+P,+P) ), Argl infinite.}
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mieddtoz_arg2_inf = mlcbbase_err_num + 151,
{F +N+P{+P,(+P,4+P)), Arg2 infinite.}

miesdtoz_result_indef = mictbase_err_numn + 152,
{F +N+P{ 0.0, (+P»+P))s Arg2 must be > 0.2.7}

miesdtoz_argl_neg = mlc$base_err_num + 153,
{F +#N+P{4Ps(+P»+P}))s Argl must be >= 0.,0.}

miesdtoz_result_inf = micstbase_err_num + 154
{F +N+P(+Py{+P,+P)), Result infinite.}

»
»



{ MLEERF =~ Efror numbers for ERF }

CONST

mieserf_arg_indef = ml
{F +N+P(+P), Argument

-
’

c$base_err_num + 155
indefinite.}

{ MLEERFC == Error numbers for ERFC }

CONST

mle$erfc_afg_indef = micsbase_err_num + 154,

{F +N+P{(+P), Argument

indefinites}

mliederfc_arg_range = mic$hase_err_num + 134

{F +N+P{+P), Argument

-
»

MLEEXP == Error number

CONST

CONTROL DATA

must be <= 53,0374219959838,.}

s for EXP }
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mietexp_arg_indef = mi
{F +N+P{+P), Argument

mlesexp_arg_inf = mics
{F +N+P{+P). Argument

mlie$exp_arg_too_big =
{F +N+P(+P). Argument

mietexp_arg_too_small
{F +N+P{+P). Argument

.
’

—_— —— - . - — - v

cthase_err_num + 157,
indefinite.}

base_err_num + 158,
infinite,}

mic$base_err_num + 159,
must be < 4095.%XL7G6{2).}

= mlctbase_err_nun + 150
must be > =4095.%L05(2).}

- -

-o



{ MLEEXTB =— Error numbers for EXTB 2

CONST

mie$Sextb_argl_neg = micdbase_err_num + 257,
{F #N+P(argl=+Psarg2=+P)., Starting bit nust be >= 0.}

mletextb_arg2_neg = micibase_err_num + 258,
{F #+N+Plargl=+Pyarg2=+P). Length must he >= 92,}

mlebextb_argl_range = mic$base_err_num + 259,
{F +N+#Plargl=+Pyarg2=+#P). Starting bit nust be ¢ 54,}

mieSextb_range = mic$base_err_num + 260
{F *+N+Plargl=+Psarg2=+P). Starting bit ¢+ Length must be {=h4,}

-
b4

{ MLEIDIM == Error numbers for IDIM 3}

CONST

miesidim_result_inf = mics$base_err_num + 151
{F +N+Plargl=+Psarg2=+P), Arithmetic overfiow.?

.
’
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{ MLEIDNI -= Error numbers for IDNINT }

CONST

mliesidnint_arg_indef = mlc$base_err_nun + 162,
{F +N+P{(+P), Argument indefinite,}

miesidnint_arg_inf = mictbase_err_num + 153
{F +N+P{4P), Argument infinite.}

.
H

{ MLEINSB == Error numbers for INS3 2}

W M A W W S i W e W e W B R N W W W N G e

-



CONST

miesinsb_argl_neg = mlic$base_err_num + 251,
{F +N+P(argl=+Pyarg2=+P). Starting bit nust be >= 0,3}

mie$insb_arg2_neg = mictbase_err_num + 252,
{F +N+Pl{argl=+Prarg2=+P)s Length must be >= 0.3}

miedinsb_argl_range = mic$base_err_num + 263,
{F #+N+Plargl=+Pyarg2=+P). Starting bit nust be ¢ 54,3}

mle$insb_range = mic$base_err_num + 26%
{F #+N+Plargl=+Pyarg2=+P). Startinq bit + Length nust be <=64.}

»
3

{ MLEITOD ~=- Error numbers for ITOD 3}

CONST

mieditod_arg2_indef = mic$base_err_num + 15H%,
{F +N+Plargl=+Psarg2=+P). Arg2 indefinite.,}

mieditod_arg2_inf = mictbase_err_num + 155,
{F +N+¢Plargl=+Pyarg2=+P). Arg2 infinite.?}

mletitod_result_indef = micthase_err_nun + 155,
{F +N+P{argl=0s3rg2=+#P ), Arg2 must be > D.J.}
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mietitod_argl_neg = mic$base_err_num + 157,
{F +N+Plargl=+Pyarg2=+P), Argl must be >= 0.,3,}

miesitod_result_inf = mic$base_err_num ¢+ 153
{F +N+Plargl=+Pyrarg2=+P). Result infinite.,}

;

{ MLEITOI ~- Error numbers for ITOI 3}

CONST

miesitoi_result_inf = micsbase_err_num #+ 159,
{F +N+P{argl=+Pyarg2=+P). Arithmetic overflow,}

W S W W W B R W WA B W NN W R e e W e



miesitoi_result_indef = mictbase_err_num ¢+ 170
{F +N+Plargl=0sarg2=+P). Arg2 must be > 0.0.}

-
2’

{ MLEITOX =~ Error numbers for ITOX }

CONST

mlesitox_arg2_indef = mictbase_err_num + 171,
{F +N+Plargl=+Psrarg2=+P). Arg2 indefinite.?}

mie$itox_arg2_inf = mlicS$base_err_num + 172,
{F +N+P{argl=+Psarg2=+P), Arg2 infinite.?

mie$itox_result_indef = mlic$base_err_nun + 173,
{F #+N+P{argl=0sarg2=+P). Arg2 must be > 2.,0.}

miesitox_argl_neg = mic$base_err_num + 174,
{f +N+P{argl=+Psarg2=+P). Argl must be >= 0.0.}

miesitox_result_inf = micdbase_err_num + 175
{F +N+P{argl=+Pyarg2=+P)s Result infinita.?}

»
b
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{ MLEITOZ == Error numbers for ITOZ 3}

CONST

miesitoz_arg2_indef = mictbase_err_num + 1756,
{F +N+P{+P,{+Py+P) ). Arg2 indefinite.}

mie$itoz_arg2_inf = micsbase_err_num + 177,
{F #N+P(+P,(+P,+P))s Arg2 infinite,}

miesitoz_result_indef = mictbase_err_num + 178,
{F +N+P(0»(+Py»+P)) s Arg2 must be > 0.0.}

miesitoz_result_inf = mlc$base_err_num + 179
{F +N+P{+Py{+P,+P) ). Result infinite.}

mie$sitoz_argl_neg = mictbase_err_num + 18D



{F +N+P{+P»(+Ps+P))s Argl must be >= 0.D.}

.
»

{ MLEMOD =-- £rror numbers for MOD 2}

CONST

miesmod_arg2_0 = micS$base_err_num + 181
{F #+N+P(argl=+Pyarg2=0). Arg2 must be nonzero.}

»
H

{ MLENINT -= Error numbers for NINT 3}

CONST

mledsnint_arg_indef = mlcsbase_err_num + 182,
{F +N+P{+P), Argument indefinite.}

miednint_arg_inf = mic$base_err_num + 183
{F +N+P{+P). Argument infinite.}

»
?
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{ MLESIN == Error numbers for SIN }

CONST

mie$sin_arg_indef = mic$base_err_num + 185,
{F #N+P(+P), Argument indefinite.}

miedsin_arg_inf = mlic$base_err_num + 185,
{F +N+P(+P). Argument infinite.}

mie$sin_arg_range = mictbase_err_num + 187
{F #N+P(+P), ABS{argument) must be < 2,%%47,}

.
?’



{ MLESIND =— Error numbers for SIND }

CONST

mie$sind_arg_indef = mictbase_err_num + 24%4,
{F +N+P{+P), Argument indefinite.}

mled$sind_arg_inf = mic$base_err_num + 245,
{F +N+P{+P). Argument infinite.}

mie$sind_arg_range = mlctbase_err_num %+ 2456
{F +N+P{+P)., ABS{argument) must be < 2.,%%47,}

»
b

{ MLESINH == Error numbers for SINH 3}

CONST

mie$sinh_arg_indef = micSbase_err_num ¢+ 188,
{F +N+#P{+P), Argument indefinite.}

miedsinh_arg_inf = micdbase_err_num + 189,
{F +N+P{+P)., Argument infinite.}
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mles$sinh_arg_range = mic$base_err_num + 190
{F +#N+P{4P). ABS(argument) must be < 4035.%L2G{(2),}

;

{ MLESQRT == Error numbers for SQRT }

CONST

mie$sqrt_arg_indef = mic$base_err_num + 191,
{F #+N#+P{+P)., Argument indefinite.}

mie$sqrt_arg_inf = mlic$base_err_num + 192,
{F +N+P{+P). Argument infinite,}

miedsqrit_arg_neg = mic$base_err_num + 193
{F +N+P{+P). Argument must be >= 0.,0.}



-

{ MLETAN =~ Error numbers for TAN 3}

CONST

mlestan_arg_indef = mic$base_err_num + 19%,
{F +N+P{+P), Argument indefinite.}

miedStan_arg_inf = mictbase_err_num + 195,
{F +N+P(+P). Argument infinite.}

miestan_arg_range = mictbase_err_num + 195
{F +N4P{+P)., ABS{argument) must be < 2.%¥%47,}

-
4

{ MLETAND == Error numbers for TAND }
CONST
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mledtand_arg_indef = mic$base_err_num + 250,
{F #N+P{4P). Argument indefinite.}

miestand_arg_inf = mic$base_err_num + 251,
{F +N+P(+P). Argument infinite.}

miedtand_arg_range = mic$base_err_num + 252,
{F +N+P{(+P). ABSlargument) must be < 2.%%47,.}

miestand_result_inf = mictbase_err_num + 253
{Ff +N4+P(+P). Argument must not be an exact odd nuttiplie of 90.0.2}

»
2

{ MLETANH == Error numbers for TANH )}

CONST

miestanh_arg_indef = mic$base_err_num + 197



{F +N+P{+P). Argument indefinite.}

-
?

{ MLEXTOD =~= Error numbers for XT0OD }

CONST

mle$xtod_argl_indef = mic$base_err_num + 198,
{F +N+P{argl=+Pyarg2=+P), Argl indefinite,?}

mle$xtod_arg2_indef = mic$base_err_num + 199,
{F #+N+Plargl=+Pyarg2=+P). Arg2 indefinite,?}

mlesxtod_argl_inf = mic$base_err_num + 20D,
{F #+N+P{argl=+Pyarg2=+P). Argl infinite.}

miedsxtod_arg2_inf = micébase_err_num + 201,
{F +N+Plargl=+Prarg2=+P), Arg2 infinite.,?}

mletxtod_result_indef = mic$base_err_num + 202,
{F +N+Plargl=0.053rg2=+P)., Arg2 must ba >= 2,0,}

mietxtod_argl_neg = mlcs$base_err_num + 203,
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{F +N+Plargl=+Pyarg2=+P)e. Argl must be >= 0.0.,}

mlesxtod_result_inf = mic$base_err_num + 204
{F +N+P{argl=+Pyarg2=+P), Result infinite.,?}

»
2’

{ MLEXTOI == Error numbers for XTOI }

CONST

mlesxtoi_argl_indef = mic$base_err_num % 205,
{F +N+Plargl=+Pyarg2=+P). Argl indefinite,}

mie$xtoi_argl_inf = mic$base_err_num + 205,
{F +N+Plargl=+Pyarg2=+P). Argl infinitea.?

mle$xtoi_result_indef = mic$base_err_nun + 207,
{F +N+Plargl=0.0sarg2=4P), Arg2 must he >= 0.3

- -

- i



mle$xtoi_result_inf = mic$base_err_num + 208
{F +N+P(argl=+Pyarg2=+P)., Resuilt infinite,?}

»
) 4

{ MLEXTOX == Error numbers for XTOX 3}

CONST

mle$xtox_argl_indef = micSbase_err_num + 209,
{F +N+P{argl=4+Pyarg2=+P)., Argl indefinite.}

mietxtox_arg2_indef = mic$base_err_num + 210,
{F #+N+P{argl=+Psrarg2=+P), Arg2 indefinite,}

miedxtox_argl_inf = mictbase_err_num + 211,
{F +N+P{argl=+Prarg2=+P)s. Argl infinite.}

miesxtox_arg2_inf = mic$base_err_num + 212,
{F #+N+Plargl=+Pyarg2=+P). Arg2 infinite.?}

mietxtox_result_indef = mic$base_err_nun + 213,
{F #+N+P{argl=0.0s3rg2=+P), Arg2 must be > 0,0.}
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mletxtox_argl_neg = mlic$base_err_num + 214,
{F +N+P{argl=+Prarg2=+P)., Argl must be >= 2,0.,}

mie$xtox_result_inf = mictbase_err_num + 215
{F +N+Plargl=+Psarg2=+P)s Result infinite,}

H

{ MLEXTDZ == Error numbers for XTDZ }

CONST

mie$xtoz_argl_indef = mic$base_err_num + 216,
{F +N+P(4+P,(+Ps+P) ). Argl indefinite.}

mie$sxtoz_arg2_indef = mictbase_err_num + 217,
{F +N+P{+Ps(+Ps4P)). Arg2 indefinite.}

mlesxtoz_argl_inf = mic$base_err_num + 213,
{F #+N+P (4P (+P»4P) ), Argl infinite.}



mle$xtoz_arg2_inf = mlcsbase_err_num + 219,
{F +N+P(+Ps{+P,s+P))s Arg2 infinite.}

miedtxtoz_result_indef = mictbase_err_nun + 220,
{F +N+P{ 0.0, (+Ps+P)),s Arg2 must be > 0.,D.%

mie$Sxtoz_result_inf = micsbase_err_num + 221
{F +N+P{+P,{+P» 4P} ), Result infinite.}

»
y

{ MLEZTO0D == Error numbers for 270D 3}

CONST

miesztod_argl_indef = mictbase_err_num + 222,
{F +N+P{(+P,+P)»+P), Argl indefinite.}

mlesztod_arg2_indef = mictbase_err_num + 223,
{F +N+P((+P,+P),+P), Arg2 indefinite.}
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mietztod_argl_inf = mictbase_err_num + 224,
{F +N+P{{(+Py+P)s+P)s Argl infinite.}

miebtztod_arg2_inf = mictbase_err_num + 225,
{F +N+P{{(+P»4P)y+P), Arg?2 infinite.}

miesztod_result_indef = mictbase_err_numn + 225,
{F +N#+P{( 0.0 +P)s Arg2 must be > 0.0.}

mletztod_result_inf = mic$base_err_num + 227
{F #N+P({+Py+P)s+P). Result infinite.}

;

{ MLEZTOYI =-- Error numbers for ZTDI }

CONST

mle$ztoi_argl_indef = mictbase_err_num + 2283,
{F #N+P{{+P,+P)s»+P)s Argl indefinite.}

mledztoi_argl_inf = micsbase_err_num + 229,



£F +N+P{({(+P,+P),+P)s Argl infinite.}

miedsztoi_result_inf = mictbase_err_num + 230,
{F +N+P{{+P,+P)y+P), Result infinite.}

miesztoi_result_indef = mictbase_err_num + 231
{F +N+P{ 0.0 +P), ArgZ must bhe > 0.0.}

»
3

{ MLEZT0X == Error numbers for ZTOX }

CONST

miedztox_argl_indef = mic$base_err_num + 232,
{F +N+P{{(+Py+P),y+P),s Argl indefinite.}

mletztox_arg2_indef = mlic$base_err_num + 2373
{F +N+P({+Py+P)y+P)s Arg2 indefinite.}

mletztox_argl_inf = micétbase_err_num + 23%,
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{F +N+P{{(+Py4P)y+P). Argl infinite.}

mie$ztox_arg2_inf = mic$base_err_num + 215,
{F +N+P({(+Ps»+P)»+P),s Arg2 must de > 0,0.%

mie$ztox_result_indef = mictbase_err_num + 236,
{F +N+P(0,0,4+P), ArgZ must be > 0.0.}

mlesztox_result_inf = mic$base_err_num ¢+ 237
{F +N+P{((+P»+P)y4P)s Result infinite.}

.
)

{ MLEZTDOLZ =-- Error numbers for 2707 }

CONST

mie$ztoz_argl_indef = mic$base_err_num + 233,
{F +N+P{{+P»+P)y(+Ps+P)), Argl indefinite,}

mie$ztoz_arg2_indef = mlic$base_err_num ¢+ 239,
LF +N+P{{+P, 4P )y (+Ps4P)), Arg2 indefinite,?}

ow ww

- W

- me



miedsztoz_argl_inf = mictbase_err_num + 240,

{F +N+P({+Ps+P )5 (+Py+P),

Argl infinite.?

miesztoz_arg2_inf = mic$base_err_num + 241,

{F +N+P{{+Py»+P)y{+Ps+P)),

Arg2 infinite.,?}

mie$ztoz_result_indef = mlictbase_err_numn %+ 242,

{F +N+P{0.0s{+P,+P) ).

Argl must be nonzaro,}

mledztoz_result_inf = micsbase_err_num + 243

{F #+N+P{{+P»+P)s{+Ps+P)).

-
b4

Result infinite,?
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Cl.0 MADIFY TO SCU CONVERSION
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The following is a listing of the file used to

T T -

convert the CMML

common deck PL from MADIFY to SCU format,

OLD_NAME=MLCBEN

OLD_NAME=MLD3788
OLD_NAME=MLD3$78F
OLD_NAME=MLD$78I
OLD_NAME=MLD3$878B
OLD_NAME=MLOS$BTF
OLD_NAME=MLD3$87I1
OLD_NAME=MLD$8BDP
OLD_NAME=MLDS$BIT
OULD_NAME=MLDS$CCI
OLD_NAME=MLDSCF

OLD_NAME=MLDS$CFI
OLD_NAME=MLDS$CFN
OLD_NAME=MLDS$CIF
OLD_NAME=MLOSCMN
OLD_NAME=MLOD$COM
OLD_NAME=MLDSIBN
OLD_NAME=MLDSIFM
OLD_NAME=MLDSIFN

NN=MLC$BASE_ERR_NUM MN=MLCBEN

NN=MLP$170_TO_180_BINARY MN=MLD$788
NN=MLP$170_TO_180_FLOATINS MN=MLDS$78F
NN=MLP$170_TO_180_INTEGER MN=MLD3$78I
NN=MLP$180_TO_170_BINARY YN=M1LD$878B
NN=MLP3$180_TO_170_FLOATINS MN=MLD$BTF
NN=MLP$1BO_TO_170_INTEGER YN=LD$871
NN=MLP$BDP_CONVERSION MN=MLD$BDP
NN=MLPSBITS_TO_AND_FROM_BDP YN=MLD$BIT
NN=MLPSCOMPARE_COLLATED MN=MLD$CCI
NN=MLPSCOMPARE_FLOATING MN=MLDS$CF

NN=MLPSCONVERT_FLOAT_TO_INTEGE MN=MLDS$CFI
NN=MLPSCOMPUTE_FLOATING_NUMBER MN=VLD$CFN
NN=MLPSCONVERT_INTEGER_TO_FLNAT MN=MLDS$CIF

NN=MLP$COMPARE_BDP MN=YLD$CMN
NN=MLP$COMPARE_BYTES YN=MLDS$COM
NN=MLPSINPUT_BASE_NUMBER MN=MLDS$IBN

NN=MLPSINPUT_FLOATING_MANTISSA MN=MLD$IFM
NN=MLPSINPUT_FLOATING_NUMBER YN=MLDSIFN

-
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OLD_NAME=MLDSII NN=MLPSINPUT_INTEGER MN=MLDS$II

OLD_NAME=MLD3IUD NN=MLP3INPUT_UNPACKED_DECIMAL MN=MLDS$IUD
OULD_NAME=MLDS$MOV NN=MLPSMOVE_BYTES MN=MLDSMOY
OLD_NAME=MLDSOBN NN=MLP$ODUTPUT_BASE_NUMBER MN=MLD$0OBN
OLD_NAME=MLDSOFD NN=MLPSDUTPUT_FLOATING_DIGITS MN=MLD$OFD
OUD_NAME=MLDSOFN NN=MLPSOUTPUT_FLOAT ING_NUM3ER MN=VLDS$OFN

OLD_NAME=MLDS0I NN=MLPSOUTPUT_INTEGER MN=MLD$0I
OUD_NAME=MLD3RFN NN=MLPISROUND_FLOATING_NUMBER MN=MLD$RFN
OLD_NAME=MLD$SCA NN=MLP$SCAN_BRYTES MN=MLDS$SCA
OLD_NAME=MLD3SFN NN=MLPS$SCALE_FLOATING_NUMBZR MN=MLDSSFN
OLD_NAME=MLDSTEX NN=MLPSTEST_FOR_EXCEPTION MN=MLDS$TEX
OQLD_NAME=MLDSTRA NN=MLPSTRANSLATE_BYTES MN=MLD$TRA
OLD_NAME=MLDSTYP NN=MLTSALL_CMML_TYPES MN=LDSTYP
DLD_NAME=MLDECC NN=MLESEXCEPTION_CONDITION_TIDES MN=MLDECC
OULD_NAME=MLEACOS NN=MLE$ACOS MN=MLEACDS
DLD_NAME=MLEAINT NN=MLESAINT MN=MLEAINT
BLD_NAME=MLEALN NN=MLEBALOGG MN=MLEALN
OLD_NAME=MLEALDG NN=MLESALDG1O MN=MLEALDG
OLD_NAME=MLEAMOD NN=MLES$AMOD MN=41 FAMOD
DLD_NAME=MLEANIN NN=MLEBSANINT UN=MLEANIN
OLD_NAME=MLEASIN NN=MLESASIN MN=ML FASIN
OLD_NAME=MLEATAN NN=MLE3$ATAN MN=ML EATAN
DLD_NAME=MLEATNZ NN=MLES$SATAN? MN=MLEATN2
CONTROL DATA CORPORATION - COMPANY PRIVATE - Revision £
c1-2
;. £180 Common Modules Mathematical Library {CMML): ERS
B5708723

- - T Y I W T P D WD D D WD N U W M T W T h— - > N - -

C1.0 MADIFY TO SCU CONVERSION

> - —— — - - - - - -

OLD_NAME=MLEATNH NN=MLESAT ANH MN=MLEATNH
OLD_NAME=MLECABS NN=MLES$CABS MN=MLECABS
JLD_NAME=MLECCOS NN=MLESCCOS UN=MLECCOS
OLD_NAME=MLECEXP NN=MLESCEXP MN=MLECEXP
OLD_NAME=MLECLOG NN=MLESCLOG MN=MLECLOG
DLD_NAME=MLECOS NN=MLES$COS MN=MLECOS

DLD_NAME=MLECOSD NN=MLESCQOSD MN=MLECOSD
ODULD_NAME=MLECOSH NN=MLESCOSH MN=MLECOSH
OLO_NAME=MLECSIN NN=MLESCSIN MN=MLECSIN
OLD_NAME=MLECSQT NN=MLESCSQRT MN=MLECSQT
OLD_NAME=MLEDACS NN=MLESDACOS MN=MLEDACS
OLD_NAME=MLEDASN NN=MLESDASIN YN=MLEDASN
OLD_NAME=MLEDATN NN=MLE$DATN YN=MLEDATN
OLD_NAME=MLEDCOS NN=MLES$DCOS YN=MLEDCOS
OLD_NAME=MLEDCSH NN=MLE$DCOSH MN=MLEDCSH
OLD_NAME=MLEODIM NN=MLE$DDIM MN=MLEDDIM
OLD_NAME=MLEDEXP NN=MLESDEXP YN=MLEDEXP
OLD_NAME=MLEDIM NN=MLESDIM MN=MLEDIM

OLD_NAME=MLEDINT NN=MLESDINT MN=MLEDINT
DULD_NAME=MLEDLN NN=MLE$DLOG AN=MLEDLN

DLD_NAME=MLEDLOG NN=MLE$DLOG10O YN=MLEDLOG
OLD_NAME=MLEODMOD NN=MLESDMOD MN=ML EDMOD
OLD_NAME=MLEDNIN NN=MLESDNINT YN=MLEDNIN
OLD_NAME=MLEDPRD NN=MLES$DPROD YN=MLEDPRD
OLD_NAME=MLEDSIN NN=MLESDSIN MN=MLEDSIN
OULD_NAME=MLEDSNH NN=MLE$DS INH MN=MLEDSNH

JLD_NAME=MLEDSQT NN=MLESDSQRT YN=MLEDSQT
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OLD_NAME=MLEDTAN
OLD_NAME=MLEDTN2
OLD_NAME=MLEDTNH
OLD_NAME=MLEDTOD
DLD_NAME=MLEDTOI
OLD_NAME=MLEDTOX
OLD_NAME=MLEDTOZ
JOLD_NAME=MLEERF

OULD_NAME=MLEERFC
OLD_NAME=MLEEXP

OLD_NAME=MLEIDIM
OLD_NAME=MLEIDNI
OLD_NAME=MLEITOD
OLD_NAME=MLEITOI
OLD_NAME=MLEITOX
OLD_NAME=MLEITOZ
OLD_NAME=MLEMOD

OLD_NAME=MLENINT
OLD_NAME=MLESIN

OLD_NAME=MLESIND
OLD_NAME=MLESINH
OLD_NAME=MLESAQRT

NN=MLESDT AN

NN=MLESDATANZ

NN=MLE3$DTANH
NN=MLESDTOD
NN=MLESDTOI
NN=MLES$DTOX
NN=MLES$DTOZ
NN=MLESERF
NN=MLESERFC
NN=MLESEXP
NN=MLESIDIM

NN=MLESIDNINT

NN=MLESITOD
NN=MLES$ITOI
NN=MLESITOX
NN=MLESITOZ
NN=MLESMOD

NN=MLESNINT
NN=MLESSIN

NN=MLES$SIND
NN=MLES$SSINH
NN=MLES$SQRT

YN=MLEDTAN
YN=MLEDTN2

YN=MLEDTNH

YN=MLEDTOD
YN=MLEDTOI
YN=MLEDTOX
MN=MLEDTOZ
MN=ML EERF
MN=MLEERFC
YN=MLEEXP
MN=MLEIDIM
MN=MLEIDNI
YN=MLEITOD
MN=M_LFITOI

- MN=MLEITOX

MN=MLEITOZ
IN=MLEMOD
MN=MLENINT
MN=MLESIN
UN=MLESIND
YN=MLESINH

MN=MLESQRT
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OLD_NAME=MLETAN

OLD_NAME=MLETAND
OLD_NAME=MLETANH
JLD_NAME=MLEXTOD
OLD_NAME=MLEXTOI
DUD_NAME=MLEXTOX
OLD_NAME=MLEXTOZ
OLD_NAME=MLEZTOD
OLD_NAME=MLEZTOI
ODLD_NAME=MLEZTOX
OLD_NAME=MLEZTOZ
OLD_NAME=MLPABS

OLD_NAME=MLPACOS
OLD_NAME=MLPAIMG
OLD_NAME=MLPAINT
OLD_NAME=MLPALOG
OUD_NAME=MLPAMOD
OLD_NAME=MLPASIN
OLD_NAME=MLPATAN
DLD_NAME=MLPATN2
OLD_NAME=MLPATNH
OLD_NAME=MLPCABS
DLD_NAME=MLPCCOS
OLD_NAME=MLPCEXP
OLD_NAME=MLPCLOG
OLD_NAME=MLPCNJG
OQLD_NAME=MLPCOS

JOLD_NAME=MLPCOSD

—— —————

NN=MLESTAN
NN=MLESTAND
NN=MLESTANH
NN=MLESXTOD
NN=MLES$XTOI
NN=MLESXTOX
NN=MLE$XTOZ
NN=MLES$ZTOD
NN=MLES$ZTOI
NN=MLES$ZTOX
NN=MLESZTOZ
NN=MLP$RABS
NN=MLPSRACOS

NN=MLPSRAIMAG

NN=MLP$RAINT
NN=MLP$RALOG
NN=MLPSRANMOD
NN=MLPSRASIN
NN=MLPSRATAN

NN=MLPSRATANZ
NN=MLP$RATANH

NN=MLP3SRCABS
NNsMLPSRCC3S
NN=MLPSRCEXP
NN=MLPSRCLOG

NN=MLPS$RCONJG

NN=MLP$RCOS
NN=MLPSRCOSD
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MN=MLETAN

MN=MLETAND
MN=MLETANH
MN=MLEXTOD
MN=MLEXTOI
YN=MLEXTOX
MN=MLEXTOZ
MN=MLEZTOD
MN=MLEZTOI
UN=MLEZTOX
MN=MLEZTDZ
MN=MLPABS

MN=YLPACOS
MN=MLPAIMG
MN=MLPAINT
MN=MLPALDG
MN=ML PAMOD
MN=MLPASIN
MN=MLPATAN
MN=ML PATN2
MN=MLPATNH
MN=YLPCABS
MN=MLPCCOS
MN=MLPCEXP
MN=MLPCLOG
MN=MLPCNJG
MN=MLPCOS

YN=MLPCOSD

Cl1-3
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OLD_NAME=MLPCOSH NN=MLPSRCOSH MN=MLPCOSH
OLD_NAME=MLPCSIN NN=MLP$RCSIN MN=MLPCSIN
OLD_NAME=MLPCSQT NN=MLPSRCSQRT MN=MLPCSQT
OLD_NAME=MLPDABS NN=MLP$RDABS MN=MLPDABS
OLD_NAME=MLPDACS NN=MLP$RDACODS MN=MLPDACS
OLD_NAME=MLPDASN NN=MLPSRDASIN MN=MLPDASN
OLD_NAME=MLPDATN NN=MLPS$RDATAN MN=MLPDATN
OLD_NAME=MLPDCOS NN=MLP$RDCOS MN=MLPDCOS
OLD_NAME=MLPDCSH NN=MLP$RDCOSH MN=MLPDCSH
OLD_NAME=MLPDDIM NN=MLP$RDDIM MN=MLPDDIM
JOLD_NAME=MLPDEXP NN=MLPSRDEXP YN=MLPDEXP
OLD_NAME=MLPDIM NN=MLPSRDIM MN=MLPDINM

OLD_NAME=MLPDINT NN=MLPSRDINT MN=MLPDINT
OLD_NAME=MLPDL1O NN=MLP$RDLOG1O YN=MLPDL1D
OLD_NAME=MLPDLOG NN=MLP3RDLOG YN=MLPDLOG
OLD_NAME=MLPDMOD NN=MLPSRDMOD MN=MLPDMOD
OLD_NAME=MLPDNIT NN=MLP3$RDNINT MN=MLPDNIT
OLD_NAME=MLPDPRD NN=MLP3$DPROD MN=LPDPRD
OLD_NAME=MLPDSGN NN=MLP$RDSIGN MN=MLPDSGN
OLD_NAME=MLPDSIN NN=MLPSRDSIN MN=MLPDSIN
DOLD_NAME=MLPDSNH NN=MLPSRDSINH MN=MLPDSNH
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JLD_NAME=MLPDSQT NN=MLP3RDSQRT YN=ML PDSQT
OLD_NAME=MLPDTAN NN=MLP$RDTAN MN=MLPDTAN
OULD_NAME=MLPDTN2 NN=MLPSRDATANZ MN=MLPDTN2
OLD_NAME=MLPDTNH NN=MLPS$RDTANH MN=MLPDTNH
OLD_NAME=MLPOTOD NN=MLPSRDTOD MN=MLPDTOD
OLD_NAME=MLPDTOI NN=MLPSRDTOI MN=MLPDTOI
DLD_NAME=MLPDTOX NN=MLP$RDTOX MN=MLPDTOX
OLD_NAME=MLPDTOZ NN=MLP$RDTOZ MN=MLPDTOZ
OLD_NAME=MLPERF NN=MLP3RERF YN=MLPERF

OLD_NAME=MLPERFC NN=MLPS$RERFC MN=MLPERFC
OLD_NAME=MLPEXP NN=MLPSREXP MN=MLPEXP

JOLD_NAME=MLPIABS NN=MLP$RIABS MN=MLPIABS
OLD_NAME=MLPIDIM NN=MLPS$RIDIM MN=MLPIDIM
OLD_NAME=MLPIDNT NN=MLPSRIDNINT IN=MLPIDNT
OLD_NAME=MLPISGN NN=MLP$RISIGN YN=MLPISGN
OLD_NAME=MLPITOD NN=MLPS$RITOD YN=MLPITOD
OLD_NAME=MLPITOI NN=MLPS$RITOI MN=MLPITOI
OLD_NAME=MLPITOX NN=MLP$RITOX MN=MLPITOX
JOLD_NAME=MLPITOZ NN=MLPSRITOZ YN=MLPITOZ
OLD_NAME=MLPLG10 NN=MLP$RALDGLO MN=MLPLG10
OLD_NAME=MLPMOD NN=MLPSRMOD MN=MLPMOD

OLD_NAME=MLPNIT NN=MLPSRNINT YN=MLPNIT

OLD_NAME=MLPRANF NN=MLP3RRANF UN=MLPRANF
OLD_NAME=MLPSIGN NN=MLP$RSIGN MN=MLPSIGN
OLD_NAME=MLPSIN NN=MLPSRSIN YN=MLPSIN

OLD_NAME=MLPSIND NN=MLP3RSIND MN=MLPSIND
OLO_NAME=MLPSINH NN=MLP$RSINH MN=MLPSINH
OLD_NAME=MLPSQRT NN=MLPS$RSQRT MN=MLPSQRT
OLD_NAME=MLPTAN NN=MLPSRTAN MN=MLPTAN
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OGLD_NAME=MLPTAND NN=MLP3RTAND MN=MLPTAND

OLD_NAME=MLPTANH NN=MLP$RTANH MN=MLPTANH
OLD_NAME=MLPXTOD NN=MLPSRXTOD MN=MLPXTOD
OLD_NAME=MLPXTOI NN=MLPSRXTOI MN=LPXTOI
OLD_NAME=MLPXTOX NN=MLPS$RXTOX MN=ML PXTOX
JLD_NAME=MLPXTOZ NN=MLP$RXTOZ MN=ML®2XTDZ
ODLD_NAME=MLPZTOD NN=MLP$RZTOD MN=MLPZTOD
JLD_NAME=MLPZT0OI NN=MLP$RZTOI MN=MLPZTODI
OLD_NAME=MLPZTOX NN=MLPSRZITOX MN=MLPZTOX
OLD_NAME=MLPZITOZ NN=MLP3RZITOZ MN=MLPZTOZ
OLD_NAME=MLTBDP NN=MLT$BDP_TYPE MN=ML TBDP
JLO_NAME=MLTBDPL NN=MLTS$BDP_LENGTH YN=MLTBDPL
OULD_NAME=MLTC NN=MLTS$COMPLEX MN=MLTC
OLD_NAME=MLTCOMP NN=MLT3COMPARE MN=MLTCOMP
JULD_NAME=MLTDSL  NN=MLT$DIGIT_STRING_LENGTH MN=MLTDSL
OLD_NAME=MLTERR NN=MLT$ERROR N=ML TERR
DLD_NAME=MLTES NN=ML TS EXPONENT_STYLE MN=MLTES
OLD_NAME=MLTFI NN=MLTSFLOATING_INPUT IN=MLTFI
OLD_NAME=MLTFL NN=MLT$SFLOATING_LENGTH IN=MLTFL
ODLD_NAME=MLTFORM NN=MLTSFORMAT MN=MLTFDORM
CONTRDL DATA CORPORATION = COMPANY PRIVATE - Revision E
C1-5
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C1.0 MADIFY TO SCU CONVERSIDN

DOLD_NAME=MLTHSB NN=MLTSHANDLE_BLANKS MN=ML THB
OLD_NAME=MLTIL NN=MLTS$INTEGER_LENGTH YN=MLTIL
OLD_NAME=MLTIT NN=MLTSINTEGER_TYPE MN=MLTIT
OLD_NAME=MLTJUST NN=MLTS$JUSTIFY YN=MLTJUST
OLD_NAME=MLTLR NN=MLT$LONGREAL UN=MLTLR
OLD_NAME=MLTNDB NN=MLTSNON_DECIMAL_BASE MN=MLTNDB
OLD_NAME=MLTOF NN=MLTS$OUTPUT_FORMAY MN=MLTOF
OLD_NAME=MLTSL NN=MLT$STRING_LENGTH MN=MLTSL
JLD_NAME=MLTST NN=MLT3SIGN_TREATMENT YN=MLTST

OLD_NAME=MLVSTAT NN=MLVSSTAT MN=MLVSTAT
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