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MTHSHCOSH : H floating Hyperbolic Cosine routine 16-SEP-1984 01:35:0 AX/VMS Macro V04-00 Page 1 |
1-006 g 6-SEP=1934 11:24:48 !HTHRTL.SRCJHTHHCOSH.HAR:1 ’ (1|
.TITLE MTHSHCOSH : H floating Hyperbolic Cosine routine
(HCOSH)

IDENT /1-006/ File: MTHHCOSH.MAR  EDIT: RNH1006 |

AL ARl AR R i s IR0

COPYRIGHT (c) 1978, 1980, 1982, 1984 BY
DIGITAL EQUIPMENT CORPORATION, MAYNARD, MASSACHUSETTS.
ALL RIGHTS RESERVED.

OF TWARE IS FURNISHED UNDER A LICENSE AND MAY BE USED AND COPIED
N ACCORDANCE WITH THE TERMS OF SUCH LICENSE AND WITH THE
USION OF THE ABOVE COPYRIGHT NOTICE. THIS SOFTWARE OR ANY OTHER
ES THEREOF MAY NOT BE PROVIDED OR OTHERWISE MADE AVAILABLE TO ANY
R PERSON. NO TITLE TO AND OWNERSHIP OF THE SOFTWARE IS HEREBY

* o
* *
* *
* ]
® *
* *
* *
] *
* *
* *
:# TRANSFERRED. .
® *
] ]
* *
* *
* *
*
* *
* *
] ]
L *

: )
: 1
: )
S

M <N

THE INFORMATION IN THIS SOFTWARE IS SUBJECT TO CHANGE WITHOUT NO
eggpoggggba NOT BE CONSTRUED AS A COMMITMENT BY DIGITAL EQUIP

DIGITAL ASSUMES NO RESPONSIBI
SOF TWARE ON EQUIPMENT WHICH I

Qu

LITY FOR THE USE OR_ RELIABILITY OF ITS
S NOT SUPPLIED BY DIGITAL.

(A ARt Rt R R iR ittt ittt i i o i iisss)

(elelelelalelelelelelelalelalalelalalalalalalalalalals]

FACILITY: MATH LIBRARY
v
ABSTRACT:

MTHSHCOSH is a function which returns the H floating hyperbolic cosine
of its H floating point argument. The call is standar

(=il ml=l=l=l= e e il =il =l=l=l=lelcllallolelelelolelelelelelelalelelelelelelelelelal=

(il =il e it b md i ml=lelelelelolelelelelelelelelelolelelelclelelelelelelelelel=]

call-by-reference.

HISTORY:
AUTHOR:
John A, Wheeler, 12-Sep=-1979: Version 1

MODIFIED BY:

|
VERSION: 1 g
|

(=lelelelelelelelalalalelelalalelalalalalelelelelelelalalelelelelelelelelelelelelelelelelelelels]
QO NON NS AN = OO 00 N O N SN NN = OO 00 N O LS N = © 0 00 0N VNS LN — OO 00 ~JONMUN B iR —

LR TR PR PR PR PR PR PR R R TR L TR R L T T P R T R R P R R TR TR TR TR TE TR T

GBS ESBS BB B B B NN N N AN N N N A AN NN NI RO NI NI NI NN = b b b b b b b b

elelelelelelelelelelelelalalalalelelelele]
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MTHSHCOSH ; H floating H¥Yerbolic Cosine routine 16-SEP-19gk 01:35:08 ¥AXIVHS Macro V04-00 Page 5
1-006 HISTORY ; Detailed Current Edit History 6-SEP=-1984 11:24:4 MTHRTL .SRCIMTHHCOSH.MAR; 1 (2)
g§8§ ? .SBTTL HISTGRY ; Detailed Current Edit History
0
088 % ; Edit History for Version 1 of MTHSHCOSH
00 5 ; 1-001 - Adapted from MTHSGCOSH, JW 18-3ep-1979
00 g2 : 1 0§ = Use MTHSHEXP_R6. ?BL 4=0ct=-197
00 7 ; 1-003 - H_0,25 should be Literal rather than own storage._ SBL 7-08t-1979
0000 g ;1= 84 - Don't store reserved operand before signal. SBL 7-Feb=198
8888 20 : 1-005 - 5E:ng$d lower Limit for Chebyshev approximation from 2+#+*=56 to
8808 61 ; - E;ininated second call to EXP for input zalues between .25 and
0 6§ 3 *ln2 by computing COSH(x) = (Z + 1/2)/2, with Z = EXP(ix!).
0000 63 ; - Eliningtgd sscond call to EXP for input values between 57+Ln2
0000 64 ; and 16383+*Ln2. :
0000 65 ; = Changed all final floating point divisions by 2 to interger
0000 66 ; subrtracts of 1 from the exponent field.
0000 67 ; - Extended maximum range to 16384+Ln2.
0000 68 ; - Chaneaed logic for computing EXP(ixi=Ln2) to reduce error.
0000 69 : - RNH 10-FEB-81 d
0000 70 ; 1-006 - Eliminated symbolic short Literals. RNH 15-0ct-81

e —————————esd]
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F 15
erbolic Cosine routine 16=-SEP-1
eclarative Part of Modul 6-SEP-1

.SBTTL DECLARATIONS

§ INCLUDE FILES:
: EXTERNAL S;HBOLS:

GBL

TRN MTHSK_FLOOVEMAT

.DSA
E;TRN MTH$SSIGNAL
.E

XTRN MTHSHEXP_R6
: EQUATED SYMBOLS:

: MACROS:

CONSTANTS:

_16383_L0G

.Q
H_16384_L0O

H_2 POUER 57
.QUAD
.QUAD

HCOSHTAB:
.LONG
.LONG
.LONG
.LONG
+LONG
.LONG
.LONG
.LONG
.LONG

OWN STORAGE:

> >3
CONNOON

none

PSECT DECLARATIONS:
.PSECT

35 08 !AX/VHS Macro V04-00 Page
b:4 MTHRTL.SRCIMTHHCOSH.MAR; 1

; Declarative Part of Module

_MTHSCODE PIC,SHR,LONG,EXE ,NOWRT

none

»
>
o

O -~

e OY MY M

0
“X5F359027D674CD98

6!000000000000403A

; program section for math routines

; 16383+Ln2

; 16384*Ln2

: (high 109 bits of Ln2)+2+-109
: ln2 = H_LOG_2_HI

: 2%57

; 2.502658279567823990162458156254711E
: 1.611665395066462480330719767236559€
; B.B96792721476872237647982378253568E
;o 4.110317621712466937445902717251860E
: 1.561920696859944528721805191130865E
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"0
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MTHRTL.
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.087675698786809897912112497212423¢
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.480158730158730158730158708693922€
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- 166666666666666666666666666666603E
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.999999999999999999999999999999999¢

OCOOOOMUNODOMOMMMNOMOONCOW
OO0OOWVIWN=M =000 MW S il VO
OOoOoOOWVMWNON—\UnN—20000 OMaa > MM
OOV P ONSTMTDOO~NIN
OCOOCOWVMWVMNIMI NO S NSO

00000,“x0
.= HCOSHTAB/16




H 15
MTHSHCOSH erbolic Cosine routine 16=-SEP-1984 01: AX/VMS Macro V04-00 Pa 5 |
1-006 ,Ploating point COSH funct 6-SEP=1984 11:24: 45 ¥HTHRTL.SRCJHTHHCOSH.HAR:1 - (4) |

SBTTL MTHSHCOSH = H Floating point COSH function

=-
—
rXx
o
X -
S~
oo
e
X
-y
D
1o
OO0 O0O0O0OO0OVOVVVOYVOVOVOOOCCOOD NN NN NNNNNNO-O OO OO OO OO VNWvIWAIWWALY T T

;UNCTIONAL DESCRIPTION:
HCOSH = double precision H floating point function
HCOSH(X) is computed as:

If ixi < 2'-57 HCOSH(X) =

IF 2%= 9 » . HCOSH(X =z Chebgshev series

1f .2 -< .x. "¢ §7*Lnd = HEXP(!X!) and set HCOSH(X) = (2+1/2)/2
If §7*ln2 =< !X! 1638 3x(n then ncosu<x) = MHEXP(!X!)/2.

1f 16383%Ln2 =< IX} < 163 L-Ln hen HCOSH(X) = HEXP(!X!=Ln2).

If 16384*Ln2 =< !X!, then ovorf[ou

CALLING SEQUENCE:
hcosh.wh.v = MTHSHCOSH(x.rh.r)
-or=
CALL MTHSHCOSH(hcosh.wh.r, x.rh.r)
Because an H-floating result cannot be expressed in 64 bits, it is

returned as the first argument, with the input parameter displaced
to the second argument, in accordance with the Procedure Calling

LI R T A PR TR TE PR PR TR PR PR PR PR PR PR FE PR FE PR PR R TR TR PR TN

INPUT PARAMETERS:

00000004 LONG = & ; define longword multiplier
00000008 X =2 * LONG £ R g A Sy bl
; IMPLICIT INPUTS: none
g OUTPUT PARAMETERS:
00000004 ' hcosh = 1 * LONG
IMPLICIT OUTPUTS: none
COMPLETION CODES: none

SIDE EFFECTS:

Signal: MTHS_FLOOVEMAT if 16384+Ln2 =< X! with reserved operand in RO/R3

(copied to the signal mechanism vector CHFSL_MCH RO/R1 b LIBSSIGNAL) .

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

S NN = OOV NS WN) = O D 00 N WSS AN = OO 00 N O W S AN = © O 00 O VN S N — OO0 00 O N B iR

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

[elelelelelelelelelelelelelelelelelelelelelelelelelclelelelelelelalelolelaleleleleleleleleleleoleolelelelalalelelele]
e e e e e e el e D o i D i ) e e el D el D i i e D i e i e e e D e e D D D e e el el e o e e e e e e e e el el el e e
A L L U L U i U L Ut U U U U U U U U U U U L i i U U U L U U U U U U U U U U L L L U N U N N LN N N N NN

(=lelelalelelelelelelelelelelelelelelelelealelelalelelalelelelelelelelelelelelelelelelelelelalelelelelelelelele e T

PONINININININININY b b o o el e o e e e e o o el i ol o o e ol e e e e e el i e o e e ol e el el e el el e el e o el e ol e ol e

IR R T E T E TR PR PR PR PR PR PR PR PR PR TR 1)

CO~NONW
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MTHSHCOSH ; H floating Hygcrbo ic Cosine routine 16-SEP-19g4 ?1:35:03 !AX/VHS Macro V04=-00 Page 6 |
1-006 MTHSHCOSH = M Float ng point COSH funct 6-SEP=1984 11:24:4 MTHRTL .SRCIMTHHCOSH.MAR; 1 (4)

09

4OFC 10 ENTRY MTHSHCOSH, “M<IV, R2, R3, R4, RS, R6, R7 >

1" ; standard call-by-reference entry

1§ ; disable DV (and FU), enable IV )

1 MTHSFLAG_JACKET ; flag that this is a jacket procedure in

6D 00000000'GF 9t MOVAB  G*"MTHSSJACKET_HND, (FP)
; set handler address to jacket

handler

case of an error in routine

Set handler address to jacket handler

If an orror[ convert signal to user PC
a

6D 00000000'GF  9E MOVAB  G*MTHSSJACKET_HND, (FP)

E and rosign
50 08 BC 70FD MOVH ax(AP), RO : RO/R3 = TX! = @value(AP)
SO 8000 8F AA BICW2 #*x8000, RO : RO/R3 = !X!
3FFF 8F S0 B1 CMPW RO, #*x3FFF : compare X! with 0.25
1 18 BGEQ  GEQ_T0_0.25 : branch if !x! >= 0.25
PoIX! < 0.25
3FC8 8F 50 81 CMPW RO, #*X3FC8 ; compare X! with 2+=57
06 18 BGEQ GEQ_TO_2M57 ; branch if iXi >= 2+=57
DIXD < 2957
04 BC 08 70FD MOVH #1, ahcosh(AP) ; Store 1.0 as result
04 RET : return

g 2*=57 =< iXi < 0.25

GEQ_TO_2M57:
S0 S0 64FD = T MULH2 RO,RO :Get ARG*2 for POLYH.
FEE7 CF 0D 50 75FD POLYH RO, #HCOSHLEN=-1, HCOSHTAB
; RO/R3 = SUM(Ci*X*i)
04 BC 50 70FD MOVH RO, ahcosh(AP) ; Store result in first argument
04 RET ; return
P 0.25 =< iX!
GEQ_T0_0.25:
FES8B CF 50 71FD CMPH RO, H_16383 th 2 ; compare X! with 1?3 Ixln?
20 14 BGTR  GTR_TRAN_16383_[06_2  : branch if iX! > 16383*Ln2

§ 0.25 =< iXxi

< 16383+1n2

[elelelelealeolelelealealalalea/eclelealeleoleleclealelelelolealclealelelelecleleleoleleleleoleleleoleoleoleoolsleleoleole’aole ololele]
SNNNNNNNO-ONONONON OO O O O O YT WA WU WU A N TN A WA I 8™ 8- 8 85 5 5 LN LN LN LN LI LI
SNNSNSNNNITI T T T MOONOMMMMMmMMM O 0000000000 000N = b cd wd b s T P NO O OO O OO OMNIMNINNINO O

— ) ) ) ) = ) o - - — — — — ) =) —d ) ) ) ) e ) ) — i ) D ) D - D D — — —d — — — —d —d — —d — — — — — —D ) D ) el o

O WNAAAAWVAWAIWAN S 85 85 8 85 85 8 8 8 5 NN N N N AN N AN N AN PO NI PO PO NI NONONIND — — -3 3 -2 —
OV NO WS LN = OV N WV S N = OV NN S N = O 000 NN N S N = OO0 O ~NON N O~

NS N LN NN NN LN N N LN S S NS LS SIS N NS (SIS LN N TN TS SN NSNS DN TSNS TST ST NS TN NN NT NN

00000000'EF 16 JSB MTHSHEXP_R6 : RO/R3 = HEXP(iX:})
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1-006
FEBD CF 50
09
5¢ 08 20
50 4
50 O
04 BC 50

FE?3 CF 50 N
1A

7€ 00'8F
50 01 OF

52
00000000'EF 01
04 BC 50

SO OO0 I

7C

7DFD

di

o

X -
L Do
o0

(el

o o

0000000000000 NN NN NNNNNNOOCONONONONOMOMON T
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J 15
rbolic Cosine routine 16=SEP=19
oating point COSH funct 6-SEP-19

CMPH
BGTR
DIVH3
ADDH?
ONE_TERM_O
SuBW?2

MOVO

RO, H_2_POWER_S7
ONE_TERM ONLY™
RO,"#1, R&

R4, RO

#*xX0001, RO
RO, ahcosh(AP)

; 16383*Ln2 < X!

GTR_THAN_16383_L
CMPH
BGEQ

06_2:
RO H_16384_L06_2
ERROR

P 16383+Ln2 =< !X! < 16384*Ln2

SUBHZ2
JSB
MULH3
ADDH3
RET

H LOG 2 KI, RO
MTHSHEXP Ré
H_LOG_2_[C0, RO, Ré
REZ, RO, ahcosh(AP)

; 16383*Ln2 + LOG(2) =< iXi, error

ERROR: MOVZBL
ASHQ

CLRQ
CALLS
MOVO
RET

.END

#MTHSK _FLOOVEMAT, =(SP)

#15, #7, RO

R2
#1, MTHSSSIGNAL
RO, ahcosh(AP)

e SeNew,

; compare (X! with 163
; branch to ERROR if 1

?}:32523 ¥AXIVHS Macro V04-00 Page

MTHRTL .SRCIMTHHCOSH.MAR; 1

Compare HEXP(iIX!) with 2+57, if
arger, only one term is needed.
R4/R7 = HEXP(=iX})

RO/R3 = HEXP(X) + HEXP(=X)

RO/R3 = (HEXP(X) + HEXP(=X))/2
move COSH(x) to first argument

; and return

L

84+*Ln2
6384*In2 =< X!

RO/R3=iXi=(hi 109 bits of Ln2+2+*=109)
RO/R3=HEXP(!Xi=H_LOG_2_HI)
R4/R7=H_LOG_2_LOFHEXP(TX!=H_LOG_2_L0O)
Stgre HEXP(TXT=Ln2) in 1st argument
return

condition value

RO = result = reserved operand -0.0
goes to RO/R3 so error handler

can modify the result.

signal error and use real user's PC
Restore result

return




MTHSHCOSH
Symbol table

ERROR

GEQ_T0_0.25
GEQ_TO_2M57
GTRTTHAN_16383_L0G_2
HCOSH

HCOSHLEN

L
MTHSSJACKE T _HND
MTHSSS IGNAL
MTHSHCOSH
MTHSHEXP R6
MTHSK FLOOVEMAT
QNE_TERH_ONLY

PSECT name

Initialization
Command processing
Pass 1

Symbol table sort
Pass 2

Symbol table output

Psect synopsis output
Cross-reference output

Assembler run totals

Page faults

: H floating Hyperbolic Cosine routine

[elelelalalslslalelalalale]
OO0 O0O0O0O0O0OO0OOO
VDODDVDDOD

(=i l=l=l=l=l=lolelclelels

I
TRRRRRRY
00000130 RG
LTI
TRERRERE

0000018E R
00000008

Allocation

00000000 (
00000100 ¢

> X

K 15

(= e lele]

(elelelel=lelelelelelale]
OO =B = D e o o

PSECT No. Attributes
0.) 00 ¢ 0.) NOPIC USR CON
464.) 01 C 1.) PIC USR CON

CPU Time Elapsed Time
32 00:00:00.07  00:00:01.11
126 00:00:00.68 80:00:03.06
91 00:00:01.06 0:00:04 .74
0 oo:oo:oo.og oo:oo:oo.og
Qi 5 R
3 oggoogooigg 08508508118
324 80288282264 80!302?11%5

The working set Limit was 900 pages.

4622 bytes (10 pages) of virtual memory were used to buffer the intermediate code.
pages of symbol table space allocated to hold 20
364 source Lines were read in Pass

There were 10

1, producing 11

object records in Pass 2.

1 r~ge of virtual memory was used to define 1 macro.

16-SEP-1984 01:3
6-SEP=1984 11:

ABS
REL

5
&:

:0
'A

LCL NOSHR NOEXE NORD NOWRT NOVEC BYTE

LCL

non=local and 0 local symbols.

AX/VM
MTHRT

SHR

S
L

EXE

cro V04-00

Ma P
SRCIMTHHCOSH.MAR; 1 (

PRCR—— - -9

RD NOWRT NOVEC LONG




L 13
MTHSHCOSH ; H floating Hyperbolic Cosine routine 12

VAX=11 Macro Run Statistics -355-1332 ?}'32 23 ﬁ?ﬁ

L.S ] MTHHCOSH.MAR; 1 (4)

L i R L R

i Macro Library statistics !

Macro Library name Macros defined
$255SDUA28:CSYSLIBISTARLET.MLB;2 g

0 GETS were required to define 0 macros.

There were no errors, warnings or information messages.

MACRO/ENABLE=SUPPRESSION/DISABLE=(GLOBAL , TRACEBACK) /LIS=LIS$:MTHHCOSH/0BJ=0BJ$:MTHHCOSH MSRCS:MTHJACKET/UPDATE=(ENHS :MTHJACKET) +MSRC

x cro V04=00 Page 9




CORPORATION
PROPRIETARY

DIGITAL EQUIPMENT

Mn8;1 AH-BT13A-SE
VLN CONFIDENTIAL. AND

VAX/VMS V4.0




