———
———
———
—
— =

———
e — — ——4

] ) ] ) ) ) e ] e e ] ) ) e e e e e = = =4
B e e I e T B B B e T B e e R S )

HHH HHH
HHH HHH
HHH HHH
HHH HHH
HHH HHH
HHH HHH
HHH HHH
HHH HHH
HHH HHH
HHHHHHHHHHHHHHH
HHHHHHHHHHHHHHH
HHHHHHHHHHHHHHH
HHH HHH
HHH HHH
HHH HHH
HHH HHH
HHH HHH
HHH HHH
HHH HHH
HHH HHH
HHH HHH

F 13

RRRRRRRRRRRR
RRRRRRRRRRRR
RRRRRRRRRRRR
RRR RRR
RRR RRR
RRR RRR
RRR RRR
RRR RRR
RRR RRR
RRRRRRRRRRRR
RRRRRRRRRRRR
RRRRRRRRRRRR
RRR  RRR

RRR  RRR

RRR  RRR

RRR RRR
RRR RRR
RRR RRR
RRR RRR
RRR RRR
RRR RRR

— -
e
—
—_—
[
ot

et 4t ) = — —
) ] — — —
B e e T B e e I b e T B e I R e ]

LLLLLLLLLLLLLLL
LLLLLLLLLLLLLLL
LLLLLLLLLLLLLLL




wxf [LE*+[D**MTHDCOSH

MM MM TTTTTITTTITT WM HH  DDDDDDDD cccccccc 000000 SSSSSSSS  HH HH

MM MM TTTTTTTTTT HH HH DDDDDDDD cccccccc 000000 SSSSSSSS  HH HH

MMMM  MMMM 17 HH HH DD 0D CC 00 00 SS HH HH

MMMM  MMMM 17 HH HH DD DD CC 00 00 SS HH HH
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MM MM 17 HH HH DD b0 CC 00 00 SS HH HH cece
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MM MM T HH HH DDDDDDDD cccccccc 000000 SSSSSSSS HH HH cove
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gk 01: S 5; ¥Ax/vns Macro V04-00
6-SEP-1984 11:21: MTHRTL.SRCIMTHDCOSH.MAR; 1
LTITLE MTHSDCOSH : ?8%3& )Floating Hyperbolic Cosine routine
.IDENT /1-008/ : File: MTHDCOSH.MAR Edit: RNH1008

S AAAAAAAAARARA R R AR il R i i i 2222222202

COPYRIGHT 978, 1980, 1982, 1984 BY

DIGITAL EQUIPMENT CORPORATION, MAYNARD, MASSACHUSETTS.
ALL RIGHTS RESERVED.

FTW RNISHED UNDER A LICENSE AND MAY BE USED AND COPIED

A CE WITH THE TERMS OF SUCH LICENSE AND WITH THE

F THE ABOVE COPYRIGHT NCTICE. THIS SOFTWARE OR ANY OTHER

EREOF MAY NOT BE PROVIDED OR OTHERWISE MADE AVAILABLE TO ANY

SON. NO TITLE TO AND OWNERSHIP OF THE SOFTWARE IS HEREBY
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(c) 1
IPME
RESERV
ARE IS FU
CCORDANCE
OF THE AB
T

THE INFORMATION IN THIS SOFTWARE IS SUBJECT TO CHANGE WITHOUT NOTICE
eggpogx??ba NOT BE CONSTRUED AS A COMMITMENT BY DIGITAL EQUIPMENT

DIGITAL ASSUMES NO RESPONSIBILITY FOR THE USE OR RELIABILITY OF ITS
SOFTWARE ON EQUIPMENT WHICH IS NOT SUPPLIED BY DIGITAL.

LAAAAA AR A AR AR ARt R R R R RRRdRRRRRRRRRRRRRRRRRRR 220 R )

FACILITY: MATH LIBRARY

ABSTRACT:

MTHSDCOSH is a function which returns the double floatin? hyperbclic cosine
5

of its double precision floating point argument. The call standard
call-by-reference.

VERSION: 01
HISTORY:
AUTHOR:
Peter Yuo, 29-Jun=77: Version 01

MODIFIED BY:
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MTHSDCOSH ; Double Floatin perbolic Cosine rout 16-SEP-1984 01:15: AX/VMS Macro V04=-00 Page .
1-00% HISTORY ; Deta1lgd Eurrent Edit History 6-SEP-1986 1:21: g; !HIHRTL.SRCJHTHDCOSH.HAR:1 . (5)_

8 8 EO SBTTL HISTORY ; Detailed Current Edit History

000

8 8 g s ALGORITHMIC DIFFERENCES FROM FP=11/C ROUTINE: none

888 ES ; Edit History for Version 01 of MTHSDCOSH

000 59 s 0=2 MTHSSERROR chan cd to MTHSSSIGNAL.

000 » i MTHS_... changed to MTH__....

000 59 . Changed error hondling mechanism. Put error result in RO:R1 before ;
8888 g? 3 calling MTHSSSIGNAL in order to allow user modify error result. g
0000 6§ ;0-3 Sevon term To;lor sories. in pouors of ar unent. replaced |
0000 63 ; b¥ six term Chebyshev series, in pouers o g 5
0000 66 ; th overhang, to improve accuracy. 18-May-1978; Hary Payne !
0000 65 ; 0=4 Fix LOG(2) constant. TNH 16=June-78 ;
0000 66 : 1-001 - Update version number and copyright notice. JBS 16=NOV-78 i
0000 67 ; 1-00§ - C ange MTH__FLOOVEMAT to MTHSK_FLOOVEMAT, JBS 07-DEC-78
0000 68 : 1-003 - Removed SSRMDEF - not needed. ~JBS 16-DE(-78 ‘
0000 69 . 1-004 - Add to the PSECT dirc tivo. JBS 22-DEC-78 ;
0000 70 ; 1-005 = Declare externals. 5 -Ha -1 |
0000 71 ; 1-006 = Use MTHSDEXP_R6. SBL 27-Se t 1979
8888 ;g : 1-007 - Chan ed lower Limit for Che yshev approximation from 2++=27 to

: "-
0000 74 ; - lininotod second call to EXP for input values between .25 and
0000 s 3 S+ln2 conputin? COSH(x) = (Z + 1/2)/2, with 7 = EXP(ix!).
0000 76 ; - Elininatod second call to EXP for input values between 28.5+Ln2
0000 Y and 127+\n2.
0000 78 ; = Changed all final floating point divisions by 2 to interger
0000 79 subrtracts of 1 from the exponent field.
0000 80 ; = Changed entry mask to excluded R7 - no_Llonger needed.
0000 81 ; - Extended maximum range from 87.69 to 128+Ln2=88.72.
0000 82 ; - Chaneaed logic for computing EXP(ixi=ln2) to reduce error.
0000 83 ., = RNH 10-FEB-
0000 84 ; 1-003 ~ Changed W* to G* on call to MTH$SSIGNAL RNH 09-Sept-1981
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loating Hyperbolic Cosine rout 16=-SEP=-1984 01:15:5 AX/VMS Macro V04=00 P ]
NS ; Dgclzrotive Part of Modul 6-SEP-1934 ?1:21:5; !HYHRTL.SRCJHTHDCOSH.HAR:1 o (g)

+SBTTL DECLARATIONS ; Declarative Part of Module

: Doubl
DECLA

o
>
—
o

l

: INCLUDE FILES:

: EXTERNAL SYMBOLS:

.DSABL GBL

LEXTRN MTHSDEXP Ré
LEXTRN MTHSK FLOOVEMAT
LEXTRN MTHSSSIGNAL

e e e

ittt b=l lelelelelelelelelelelelelelelelelelelelelelelal=]

: EQUATED SYMBOLS:

sD_1.0

00004080
value

00000004

“F1.0 : 1.0
4 ; value.rd.r

MACROS: none

SeNeBe Se v,

PSECT DECLARATIONS:

0000 .PSECT _MTHSCODE PIC,SHR,LONG,EXE ,NOWRT

; program section for math routines
OWN STORAGE: none

elelelelelalelalelalelelelelelelelslslslslelelalalalelelelelelalelele] o o

=lelelelelelelelelelelelelel=l=l= =l =i el =l el lelrlelelelelelelelelelelelelelelelelelele L]
al- P X=Tal- P aalal. 1. 1. Jelel. 1. Jelel. l jelelelelelelclelelelelelelelelelelelalelelalelalelalalelelelelalale Tt e Te)
&5 B B N NN NN AN N N NN NN NI NI PONINININ) = b e e ed e e e e = O O O O O O O O OOV VOO OO O OO0

N =2 O OO NON NS AN = OO 00 NN S N = OO0 00 NN S N =2 O D 00 N O N 8 AN = O O 00 N O N S WN) = OO 0~ O~

PR\ S Y S G — — —— — Y Y G Y Y g g L e T N N N S U U QU U U Y N ——y—

CONSTANTS :
0 D_127_L0G_2:
2BDAC7E2 OF3343B0 D 128 Loéﬁglb “X2BDAC7E20F3343B0 : 127+*Ln2
CF79F7D1 72174381 = "= BUAD  “XCF79F7D17217438B1 ; 128+Ln2
1 D_2_POWER_28.5:
DE6433F9 04F34EBS } i g?”‘D “XDE6433F904F 34EBS ; 2++28.5
CFBOF7D1 72174031 1 D-LOG-Z-CgOAD “XCFBOF7D172174031 ; (high 49 bits of Ln2) + 2%#*=49
FF81898C B6C3ASCA =7 ="=_QUAD  “XFFB8189B8CB6C3ASCA ; Ln2 = D_LOG_2_HI
DCOSHTAB:
2853 3594 WORD  *00 ; §4.~00g41$3
DBD2 3EEC .WORD “00 4,*0155722 : DECIMAL: 0.2759648863787355D-06
0CF1 3800 00 .WORD  *0034 Eg.‘0002361
CALF AB28 00 WORD  “01 g& 40145117 : DECIMAL: 0.2480155975461668D-04
oaeg 6 00 WORD  *00 66.‘009;5&0
FEO g 1 00 ‘WORD  “0134001.01 13 : DECIMAL: 0.1388888889781712D-02
AAAA 3E2A 004 .WORD  *0037052.°012525
6FC4 AAAA 004 WORD  *0125252.°0067704 : DECIMAL: 0.4166666666665359D-01
3002 4800 04 .WORD  “004000 2
005 0000 004 .WORD  0,%000000 : DECIMAL: 0.500000000000000000




?1383(05"

oub

DECLARATI
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ating nypor?oli Cosigc ;out 1 _S P-]ggk ?} }S g; AX/VMS Macro V04=00

; Declarat vt of Modul

.WORD ‘0840200 .0

14
14 .WORD
}2 .= DCOSHTAB/8

3
g DCOSHLEN
6

MTHRTL.SRCJ THDC SH.MAR;1

; DECIMAL: 0.10000000000000000+01
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andard Double Precision F 6-SEP-19 MTHRTL.SRCIMTHDCOSH.MAR; 1 (4) |
.SBTTL MTHSDCOSH = Standard Double Precision Floating DCOSH

s

FUNCTIONAL DESCRIPTION:

DCOSH = double precision floating point function
DCOSH(X) is computed as:

1XI < 2ee=28, DCOSH(X) = 1.
#1228 =< X! < 0.25 BCOSH(X)

= C
*(n2, set 2 =D

ogosu(x )/ @
28, ;

(Z + 1/ 2
! =< 1% *(n2 COSH(X
1g7tln < | < 128+
If 128+Lln2 < | h

CALLING SEQUENCE:
DCOSH.wd.v = MTHSDCOSH(x.rd.r)
INPUT PARAMETERS:

LONG = & ; define lon?uord multiplier
x =1 » LONG ; Contents of x is the argument

IMPLICIT INPUTS: none
OUTPUT PARAMETERS:
VALUE: double precision floating hyperbolic cosine of the argument
IMPLICIT OUTPUTS: none
COMPLETION CODES: none
SIDE EFFECTS:
Signal: MTHS _FLOOVEMAT if 128+*Lln2 < iX! with reserved operand in RO/R1
(copied to the signal mechanism vector CHFSL_MCH RO/R1 LIBSSIGNAL).

Associated message is: ''FLOATING OVERFLOW IN"MATR LIBRARY''. Result is reserved
operand -0.0 unless a user supplied (or any) error handler changes CHFSL_MCH_RO/R1

|

|

?
ries f
d compute ;
/ t
(

et e B B
g, —n - VY -

L

~N

wn

"

A

-

"

Xi=L0G(2)).

LA TETE TR PR FE PR PR PR FE PR PR FE PR PR PR TR PR TR T

00000004
00000004

bdededi=lelslelalelslslelelslelslslslalalalslelelalalslslslal=]

O AWM AU AW A AL VAT WA T A W TR T AT A WA AW N AT A A WA WUV WA W AW LWAWWA WA UL

NOTE: This procedure disables floating point underflow, enables integer .
overflow. a

I TR TATATATATEATA A TA TR P FRA A PR PR PR PR TR PR TR ™

407¢C LENTRY MTHSDCOSH, *M<IV, R2, R3, R4, RS, R6 >
; standard call-by-reference entry
; disable DV (and FU), enable IV

MTHSFLAG_JACKET ; flag that this is a jacket procedure in |

MOVAB G*MTHSSJACKET_HND, (FP)
; set handler address to jacket

POM) —2 —3 —5 —5 8 5 5 B8 b B b =ch b B oh D o) D b b b D BB 3B B 5D BB DD B DD D DD B 5B _Bs_Db Db 5 2

6D 00000000°'GF  9E

ooooocooooooocoocoooooggcoooooooooooooooocoooooooooocoooo
- 3» 3» 3» 3» 3 00000000 00 00 0000 0o 0o 0o GO 0o 0o Co GO Co Co 0o GO 0o OO 0o O 0O GO OO 0O 00 GO 00 0O 0O OO 00 00 O 0B 0O 0 0O D 00 0O 0D 00 0O 00 00 0D 00

OCOO0O000O0O0O00O0O00O0O0O0O0O0O0O000O
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00000000 EF
FF79 CF 0
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0080 8F

=233
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64
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[eleleleslelelalelelelelelelelelelelsllelslelelalelelelelelale]
AUNLALNLNLNLNLNLNLNLNLNLNINININL NI NINININI NI NI RN NI NV NN N NLNLNI NV NN N NLNINI NI NN N NINIRININONINNONONOND)
O NS N =2 O OO0 NOM NS NN = O 0 00 NOM W 8N N — OO 00 N O 8 LN = O O 00 N ON W 8 LN = © 0 00 O W 8 Wil
LR TR T

WAVAWAWAWAWA S O 0 0

MOVD

BICW2

CMPW
BGEQ

0.25

CMPW
BGEQ

2v+=28

MOVD
RET

P 20028 =< IX!

GEQ_TO_2M28:

MULD

POLYD

RET

g 0.25 =< ixi

GEQ_T0_0.25:

CMPD
BGTR

JSB
CMPD
BGTR

DIVD3
ADDD

ONE_TERM_ONLY:
Susw

v
RET

é 127+ln2 < X!

53
ing Hyperbolic Cosine rout 1 -SEP-19SG ?1
tandard Double Precision F 6-SEP-1984 11

avalue(AP), RO
1013830,
GEﬂ_tO_O.gg

RO, #*x3280
GEQ_TO_2M28

S*#SD_1.0, RO

< 0.25

RO, D _127_L0G_2
GYﬁ_THAN_T%?_EOG_Z

}0.25 =¢ IXi =< 127%1n2

MTHSDEXP_R6

RO, D_2 POWER_28.5
ONE_TERA_ONLY

RO, $“#56_1.0, R2
R2. RO

#4x0080, RO

LR TR FR R

:15:5 AX/VMS M b=
:21:5; ! S Macro V04-00 Page

MTHRTL.SRCIMTHDCOSH.MAR; 1
handler
case of an error in routine

It an error, convert signal to user PC
and rosigng[

RO/R1 = | = dvalue(AP)
RO/R1 = X!

compare X! with 0.25
branch if X! >= 0.25

compare X! with 2++=28
branch if IX! >= 2v«=28

RO/R1 = 1.0
return with result = 1.0

RO,RO ;Get ARG**2 for POLYD.
RO, #DCOSHLEN=1, DCOSHTAB _
; RO/R1 = SUM(CieXesi)
; return with result in RO

compare X

\ Wi
branch if X!

; 12;'ln2

RO/R1 = DEXP(X) o

See if the DEXP(-iX!) is significant
if not skip computation

R2/R DEXP(=iXi)

RO/R1 = DEXP(X) + DEXP(=X)

RO/R1 = (DEXP(X) + DEXP(=X))/2
return with result in RO/R1
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MTHSDCOSH : Dgublo Floating Hyperbolic Cosine rout 16-$ P-19gk ?1:}5:2; !AX/VHS Macro V04-00 Page 7
1 MTHSDCOSH = Standard Double Precision F -SEP=-1984 11:21: MTMRTL.SRCIMTHDCOSH.MAR; 1 (4)

A 7.
A
A§ 23 GTR_THAN_127_L0G 8:
FFSD CF gg ;1 :B g? 5270 gnﬁog‘12°'L°G'2 ; Check for possible overflow
S0 FF67 CF A 6 SUBD D _LOG 2 HI, RO ;
0000000 EF ? E 65 JSB MTHSDEXP Ré 3
52 S FF64 gr 6 ] b4 muLd3 0_L0G_2_CO0, RO, R2 :
S0 2 62 08% 65 SUBD RZ2, RO
04 OE gg RET
§C 68 : 128+Iln2 < X!
0cs 538 °
7TE  O00°'8F 9A 00C 71 ERROR: MOVIBL W#MTHSK FLOOVEMAT, =(SP) ; condition value
S0 1 OF 79 00Cé6 7§ ASHQ #15, #7, RO : RO = result = reserved operand -0.0
OCA 7 : ?oes to signal mechanism vector
0CA 74 ; (CHFSL_MCH_RO/R1) so error handler
00CA 75 ; can modify the result.
00000000°'GF 01 FB 00CA 76 CALLS #1, G*MTHSSSIGNAL : sianal error and use real user's PC
8001 77 : independent of CALL vs JSB
04 0881 ;g RET ; return = RO/R1 restored from CHFSL_MCH_RO/
800 80
0D 81
00D 82 .END




MTHSDCOSH
Symbol table

DCOSHLEN E
DCOSHTAB

6-SEP-1984

6EQ_10.0.28
Gea_10-2hz8
GTR_THAN_ 1271062 0000A6

A
LON = 00000004
MTHSSJACKET _HND tRRRRRRY
MTHSSS I GNAL

MTHSDCOSH
MTHSDEXP R6
MTHSK FLOOVEMAT
ONE_TERM_ONLY
sop T.0

VACUE

<

2

-4

—
DODVDDDVDDVDDVDDOVOD

reennnne
00000058 RG
rerarene
trerenen

00000A0 R
= 00004080
= 00000004

M3 X
[eleleleleleBelelelalelealelele el
OO RO = b d d d d e e e d

! Psect synopsis !

fers e e r s = e me == ¢

PSECT name PSECT No.

Attributes

00 ¢ 0.) NOPIC USR CON ABS LC
o P18 B PIC USR CON REL LC

Allocation
00000000 ( 8.)

L
00000002 ( 21 L

Initialization 3% : 0
Command processing n 8: :00
Pass 1 9 :00:00
Symbol table sort :00:
Pass 2 6 :00:
Symbol table output

Psect synopsis output
Cross-reference output
Assembler run totals

e B
4 BEEE gRel

The working 3ot Limit was 750 Tagcs. :
4120 bytes (9 pages) of virtual memory were used to buffer the intermediate code.
There were 10 pages of symbol table space allocated to hold 21 non-local and 0 local symbols.

source Lines were read in Pass 1, producing 11 object records in Pass 2.
1 page of virtual memory was used to define 1 macro.

K 3
; Double Floating Hyperbolic Cosine rout 16-SEP-1984 ?}:}?:g; !AXIVHS Macro V04-00 Page

MTHRTL.SRCIMTHDCOSH.MAR;1

NOSHR NOEXE NORD NOWRT NOVEC BYTE
SHR EXE RD NOWRT NOVEC LONG

8
(4)
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vax‘?ioﬂacro Bun Statfoties ; Double Floating Hyperbolic Cosine rout 18:2 g:}ggz ?}i}? g; !Ax/vn o V04-00

- Pa
MTHRTL.S YNDCOSH.HAR:1 (

L N L L L g APP

! Macro Library statistics ! ! DXP

Macro Library name Macros defined DXP

$2553DUA28: [SYSLIBISTARLET.MLB; 2 0 D_L
0 GETS were required to define 0 macros. EVA
There were no errors, warnings or information messages. LON
MACRO/ENABLE=SUPPRESSION/DISABLE=(GLOBAL , TRACEBACK) /LIS=LIS$:MTHDCOSH/0BJ=0BJS :MTHDCOSH MSRCS:MTHJACKET/UPDATE=(ENHS :MTHJACKET) +MSRC MTH

Pha

Ini

gas
ym
gas

"
Pre
Cro
Ass

The
860
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