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‘HIHS%ATANH ; Double Precision Hyperbolic Arctangent 16-SEP-1984 1:15:?? gAx/vns Macro V04-00 Page 1
2-00 6-SEP=1984 11:21: MTHRTL.SRCIMTHDATANH.MAR; 1 (1)
JTITLE HTH&%ATANH ; Double Precision H‘perbolic Arctangent |
.IDENT 72-003/ ; File: MTHDATANH.MAR Edit: PDG2003
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DIGITAL EQUIPMENT CORPORATION, MAYNARD, MASSACHUSETTS. .
ALL RIGHTS RESERVED.
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* THIS SOFTWARE IS FURNISHED UNDER A LICENSE AND MAY BE USED AND COPIED  +
* ONLY IN ACCORDANCE WITH THE TERMS OF SUCH LICENSE AND WITH THE +
* INCLUSION OF THE ABOVE COPYRIGHT NOTICE. THIS SOFTWARE OR ANY OTHER +
+ (COPIES THEREOF MAY NOT BE PROVIDED OR OTHERWISE MADE AVAILABLE TO ANY #
* OTHER PERSON. NO TITLE TO AND OWNERSHIP OF THE SOFTWARE IS HWEREBY +
* TRANSFERRED. “
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® L]
* L
] L
L

THE INFORMATION IN THIS SOFTWARE IS SUBJECT TO CHANGE WITHOUT NOTICE
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‘FAClLlTY: MATH LIBRARY
+
ABSTRACT:

MTHSDATANH returns the double precision hyperbolic arctangent of the
double precision argument. The call is standard call-by-reference.

VERSION: 2
HISTORY:
AUTHOR:
Peter D Gilbert, 23-Jul-81: Version 2

MODIFIED BY:
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MTHSDATANH : ble Precision Hyperbolic Arc 3 t 16~ 4 5: AX/VMS M v04-00
31008 A1 STERY®. om?ua Current EQit H s':g:'; S3EP1988 91:00:00 VANNTS Mmcte Ok mars1 P29 (3
SBTTL HISTORY ; Detailed Current Edit History
43 VERSION 1
0 g 1 : 1-001 = Original from PL/] math Library

°§88 2 % Edit History for Version 02 of MTHSDATANH

0000 55 : 2-000 Original July 1981 |

0000 6 ; 2-001 - Change MOVZBL to ¥VTBL when accessing MTH$SAB ALOG V. PDG 2-Dec-1981

0000 57 ; 2-002 - Change RSB to RET after error exit. PDG 6-Jan-1987

8888 gg ; =003 - Repair problem with POLY instruction. PDG 19-Mar-1982

i —————————t——cd]




e ——— e ——

ntnsgAIAuu
2=00

w.

NNNNOOOOONOCONONON v
NN = OO 00 ~NON NS LN —

~N =~
v

OO OO OO O OO OO 00000 00000000000 ~N~N~N~N
OVONOWVNH LN =O VNS NN = OV~
. LE]

e

(= e e il =l e e = il il d =i mi =l =i=i=l=]=llelelolelelelecleleleleclaleleloleleleleclalelalalalelelels

[elelelelelelelelelealelelelalelalal=l=d=i=lvi=l=lelelclelelelclelealelelelelelelelelalelelecelelelelal]
[=lelelelelelelalalalalalalelalelalalalalatlelalelalelalelalelelelelelelelelelelelelalelelelelelelelelelelelelelels]

(= lele el e e = e e = = =l d il e e i=i=l=l=llolelalcloleloleleleleleleclelalelelalelelalalalalale]

P

cocoo
S0 —

+SBTTL

: INCLUDE FILES:

.DSABL
. SHOW
EXTRN
+EXTRN
EXTRN
+EXTRN

-MACRO

.OPDEF
.OPDEF
.OPDEF
.OPDEF
.OPDEF
.OPDEF
.OPDEF
.OPDEF
.OPDEF
.OPDEF
.OPDEF
.OPDEF
.ENDM

OPDEF

.OPDEF
.OPDEF
.OPDEF
.OPDEF
.OPDEF
.OPDEF
.OPDEF
.OPDEF
.OPDEF
.OPDEF
.OPDEF
.OPDEF

F_EXP
X_EXP

K 1
sion Hyperbolic Arctangent 16-SEP- 0 AX/VMS M v04=00
Declazgtive Part of Hgdul 6-SEP- S 8? ! 414

& N
DECLARATIONS ; Declarative Part of Module

MTHJACKET.MAR

: EXTERNAL SYMBOLS:

GLOBAL

BINARY CALLS CONDITIONALS DEF INITIONS ,EXPANSIONS
MTHSK [NVA

NTHsSSlGNAL

MTH$SAB_ALOG_V

MTHSSAB™D_FHT

: EQUATED SYMBOLS:

OPDEF X, OF, SH

ADDX “X00aSH+OP,R"'X M'X

ADDX3 “X01aSH+OP,R'X,R"X,W'X

SUBX AX028SH+OP,R'X M"'X

SUBXZ AX03aSH+OP,R'X,R"X,W'X

MULX “X0435H+0P.R'X.H'X

MULX3 “X05aSH+OP,R'X,R"X,W'X

DIVX AX06a8SH+OP,R'X ,M"'X

DIVX3 AX073SH+OP,R' X, R"X,W'X

CVTuX AX0DaSH+OP,RW, W'X

POLYX  “X153SH+OP,R'X,RW,AB

MOVX “x007D,RQ, UO ; MOva
MOVAX “X007E,AQ, WL ; MOVAQ
D, <*X0060>

ADDX *x06300~x0060.no.no

ADDX3  “Xx0180+*X0060,RD,RD,WD

SUBX “x0280+*X0060,RD,MD

SUBX3  “x0330+*X 82 +RD,RD,WD

MULX “x0480+*X .RD,MD

MULX3 “x0580+*x0060,RD,RD,WD

DIVX ~“X0680+*X0060,RD,MD

DIVX3 “x0730+*x0060,RD,RD,WD

CvTuXx “x0Da0+*Xx 86 +RW, WD

POLYX “x1580+*X0060,RD ,RW,AB

MOVX “x007D,RQ,wWQ ; MOva
MOVAX “X007E,AQ,WL : MOVAQ
7 : Bit offset to exponent

7 ; Bit offset to exponent

—
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N 1
nius ATANH Double Precision Hyperbolic Arctangent 16=SEP=1 1:15:06 VAX/VMS Macro v04=00 Page MTH
, g ﬁ'HSDATANH = Double lrecision Hyperbglic 6-SEP g ?1 21:91 MTHRTL.SRCIMTHDATANH .MAR: 1 . (g) Syn
! 0 }gg .SBTTL MTHSDATANH - Double Precision Hyperbolic Arctangent | :?S
| § 160 ;++ | RES
| g }g1 s FUNCTIONAL DESCRIPTION:
833 }g% : DATANH = Double precision floating point function

0838 }gs : DATANH(X) is computed using the following approximation technique: PSE

888§ }gz s If iX: >= 1.0, error. Otherwise i

gggg }98 : Let (1+#X)/(1=X) = f = (2%**n), where 1/2 <= f < 1 M

0088 171 : If n is greater than o equal to 1 then

0088 17¢ : set Baneiond Fin det,

0088 173 ; Else

0088 174 ; set N=nand F = f,

0088 175 ; Phs

0088 176 ; If IF = 1! < 2**=5 then S

0088 177 ; 2ratanh(X) = N+Ln(2) + W + W*P(W), Ini

0088 178 ; uhere ((10F)/(1-F))*2'tN -1 Con

0088 179 ; and P is a polynomial of degree f=5,D=9. Pas

0088 180 ; Else Syn

0088 181 ; Obtain FHI (roughly equal to F) from table Lookup. Pas

0088 18% : 2ratanh(X) = Ln (1+X) (1=X)) = N*Ln(2) + Ln(FHI) + Z+Q(2+2), Syn

0088 183 ; where Q is a polynomial of degree F=2,D=5, Pse

0088 184 ; where Z = (F = FHI)/(F + FHI) , Crc

0088 185 ; where F = (2v*=N)*(14X)/(1=X) | Ass

0083 186 ; lis conputed b{

008 187 : 1= D)/ (1=-X*D) The

0088 188 ; uhere = FHI*2%xN 135

0088 189 ; where D = (Y=1)/(Y+1) The

0088 190 ; Note that Z may be comg uted in a variety of ways: 135

0088 191 ; Z=L[C1+X) = Ye(1=X)J/LC14X) + Y*(1=X)] 0p

0088 19% - IZ=[1 ¢ X =Y+ XeY]/[1 + X ¢+ Y = Xry]

0088 193 ; =01 =Y+ X+ XeYI/[1 ¢+ Y ¢ X = Xry])

88%3 }gg - 2 = [(1=Y) + Xe(1+Y)]/0(14Y) + Xx(1=-Y)]

0088 196 ; NOTE: The quantities In(A=FHI) and Ln2 are us~ad in the above

0088 197 ; e?uat ons in two parts - a high part (containing the Mac

0088 198 ; ah order bits) and a Low part (containing the low -

0088 199 ; er bits. In the code the high and low parts of the R Y

0088 00 ; constants are indicated by a _HI and _LO suffix respec- {

888 81 ; { The values were chosen such That N+*LN2_HIl + ; 0¢

8 i : LN FH _Hl is exactly representable.

008 203 ; 1 The

0088 204 : CALLING SEQUENCE: |

0088 05 ; 1 MA(

0083 09 , datanh.wd.v = MTHSDATANH(x.rd.r) 1

008 07 ; *

0088 83 ;s INPUT PARAMETERS: |

0038 9 :

00000004 8883 }? X = 4 ; Centents of x is the argument
883% ii ; IMPLICIT INPUTS: none |
008 14 ; OUTPUT PARAMETERS:
TRl liamtells a R
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MTHSDATANH ; Double Precision H bolic A 16=-SEP=-1984 01:15: AX/VM 4=
2-00% u ;per olic Arctangent 16-SE gg‘ ? 15=g? ! X/VMS Macro V04=00 Page g

MTHSDATANH = Double Precision Hyperbolic 6=SEP-1 1:21 MTHRTL .SRCIMTHDATANH.MAR; 1 (5
0 13 :
§8§ }9 S VALUE: Double precision hyperbolic arctangent of the argument
0 18 ; IMPLICIT OQUTPUTS: none
008 19 ;
§8gg g? . COMPLETION CODES: none
oggg g ; SIDE EFFECTS:
0088 gk ; Signals: MTHSK_INVARGMAT if iX! >= 1.0 with reserved onerend in RO (copied to
0088 S : the signal mechanism vector CHFS$L_MCH_RO/R1 by LIBS$SIGNAL).
0083 59 ; Associated message is: ''Floating overflow in math Library''. Result is
008 ; reserved operand =0.0 unless a user supplied (or any) error handler changes
8ggg ig : CHFSL_MCH_RO/R1.
0088 % 0 ; NOTE: This procedure disables floating point underfliow and integer
0088 31 ; overflow, causes no floating overflow or other arithmetic traps, and
8ggg %g; : preserves enables across the call.
0088 234 ; Note: This routine is written to avoid causing any integer overflows,
0088 235 ; floating overflows, or floating underflows or divide by 0 conditions,
0088 236 ; whether enabled or not.
0088 237 ;
0088 238 ;=---
0088 %39
0135 3 8833 22? ERR: BRW ERROR
01FC 0088 24% .ENTRY MTHSDATANH, ACMASK ; standard call-by-reference entry
008D 24 ; disable DV (and FU), enable IV
50 04BC 70 883? Zzg MOVX aX(AP), RO ;: RO = arg
52 08 S50 43 009 546 SUBF3 RO, S*#1.0, R2 : R2 = 1-X (okay to trunc towards 0)
F1 15 0095 247 BLEQ ERR : ATANH(X) is not defined for X>=1
56 08 50 41 0097 248 ADDF3 RO, S*#1.0, R6 ; R6 = 14X (okay to truc towards 0)
EB 15 0098 249 BLEQ ERR ; ATANH(X) is not defined for X<=-1
56 52 46 009 250 DIVF2 R2, Ré ; Ré = approximation to (1+X)/(1-X)
58 00000000°GF 9E 00AQ0 251 MOVAB G*"MTH$SAB_ALOG_V, RSB
58 68 (O 00A7 25% ADDL (R8), R8 ; R8 = address of ALOG table
55 56 007F 8F AB O00AA 25 BICW #1aF _EXP-1, R6, RS : R5 = Biased exponent
55 4000 8F A2 00BO 254 SUBW  #*X4000, RS : RS = Unbiased exponent
66 15 883; %gz BLEQ NEG_EXP ; Branch to processing for n=<0
55 0080 8 A2 00B7 57 SUBW #13F _EXP, RS : ; Exponent is positive, RS =N =n -1
56 55 A2 8OBC 58 SUBW RS, R6 : R6 = F = 2¢f
56 56 9A O00BF 59 MOVIBL Ré, R6 - : R6 = index into ALOG table
00000000 00C 60 IF NE, F_EXP=X_EXP - )
88% 21 Dé:g% #la<F_EXP-X_EXP>, RS ; Shift RS to scale X-floating
7E 55 6D 00C gbg CVIWX RS, =(SP) : Push N onto the stack
58 6846 98 00C 64 CVIBL  (RB)CR6], RS : R8 = offset into FHI tables
S0 19 00C9 65 BLSS LN_1_PLUS_ ; Branch to handle F close to 1
58 00000000°'GF&48 7E OOCg 66 MOVAX G*MTASSAB™D_FHICRB], R8 ; RB = Address of FHI
56 88 7 0886 gg MOV X (R8)+, R6 : R6 = FHI
8006 99 : Compute Z = (F = FHI)/(F + FHI)
00Dé6 0 2 l = E(l*X) - V'fl-X)i/[(1*X) + Yr(1=X)
00D6 7 ; =01 ¢X =Y+ XeYI/[1 4 X & ¥ = XrY
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NEG_EXP:

; Compute Z++2,
E Compute B =

E Compute A =

LN_1_PLUS W:

Compute Z =

c 2
perbolic Arctangent 16-SEP-1984 01:15:

recision Hyperbolic 6-SEP=-1984 11:21:

g? AX/VMS Macro V04=-00
MTHRTL .SRZIMTHDATANH.MAR; 1

R6 = index into ALOG table
Shift RS to scale X-floating

R8 = offset into FHI tables

: Bganch to handle F close to 1

where Y = FHI*2+*+*N, roughly equal to (1+X)/(1=X)
ADDW RS, R6 : R6 = FHI = 2'*N =
SUBX3 S*#1.0, R2 : R =1- SFH
ADDX 1 R6 s R6 =1 + SFHI
DIVX : R2 = (1=SF
ADDX3 s R6 =D + X
MULX & : RR=Dr*X
ADDX s~i1 o R2 i R2 =1+ DX
DIVX 2., R6 s R6 = (D+X)/
P(Z*+2) and Z*P(Z%+2)
MULX3 RO = Z#%?2
POLYX RO, 0L66LEN2 LOGTAB2 : RO = P(Z#+2)
MULX 6, RO s RO = Z#P(Z2%+2)
N*LN2_LO + LN_FHI_LO + Z*P(Z*2)
MULX3 LNZ _LO, R2 : R2 = N'LNZ LO
ADDX R2" : R2 =
ADDX : RO =
N*LN2_HI + LN_FHI_HI and ALOG(X)
MULX3 ; R2 = N*LN2_HI
ADDX : R2 = A = N*LN2
ADDX : RO=A+8B=A[
SUBW?2 : Divide by 2
RET
SUBW : R6 F = 2f
MOVZBL :
.IF F_EXP=-X_EXP
Déxg% l1i<F _EXP=X EXP> RS H
EVTHX - ; Push N onto the stack
CVTBL (aé)tasl R8 :
BESS LUS :
MOVAX G‘ITHSSAB _D_FHICRB], R8 ; = Address of FHI
MOVX R6 ~ : R6 = FHI
(F = FHI)/(F
E( -X)]/ (1+4X) + Y=(1=X)]
XeY)J/[1 ¢« X ¢ ¥ = XrY])
where Y HI*2+*+*N, roughly equal to (1+X)/(1-X)
ADDW RS, Ré : R6 = FH] » 2"N
SUBX3 R6, S*#1.0, RZ : R =1 = SFH
ADDX~  S*#1.0, R6 :R6 =1+ SF
DIVX R6, R : R = (1=
ADDX3 RO, RZ2, R6 s R6 =D + X
MULX RO, R s RE=D X
ADDX  S$*#1.0, R2 PR =1 ¢+ Dex
DIVX R2, R6 : R6 = (D+X)/(

ol

SFHI)/(1+SFHI)

(14D*X)

g'LNZ LO + LN_FHI_LO

)LN_FHI_HI

l
SFHI) /7 (1+SFHI)

14D*X)
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HTngATANH Double Precision H g 8? !
2-00 ﬁTHSDATANH = Double ;recis on Hyperbolic 6-SEP- MTHRTL.S HTHDATANH.HAR:1 (5)
14F 9 :
}2; ? : Compute Z++2, P(Z*+2) and I*P(l%+2)
50 S6 56 5 014F 3 MULX3 R6, R6, RO : RO = Z#e2
FEFF CF 35 gO ?S 153 i POLYX Rg. 'béGLENZ. LOGTAB? : RO = P(2x%2)
50 6 64 }gc g MULX R6, R : RO = Z2+«P(Z2%%2)
}ig 9 : Compute B = N*LN2_LO ¢ LN_FHI_LO ¢+ Z*P(Z*2)
52 FEA? CF  6F 65 01 8’ MULX3  (SP) L0, R2 ; R2 = N*LN2_LO
52 TE 60 16§ 9 ADDX -(R8 5 g : R2 = N*LN LO + LN_FHI_LO
50 S2 60 8}25 2? ADDX  R2, RO RO =8B
O}gg 2§ ; Compute A = N*LN2_HI + LN_FHI_HI and ALOG(X)
52 FE93 CF 8E 65 8168 44 MULX3 (SP)+, LN2_HI, R2 - RZ = N*LN2_HI
22 78 62 016E 45 SUBX -(R8), R2 : = A = N¥LN2_HI + LN_FHI_HI
0 52 6 0171 46 ADDX R2, R : RO = A+ B = ALOG(X)
SO 0080 BF A2 0174 47 SUBW2  #1ax_EXP, RO : Divide by 2
06 0179 348 RET
017A 49
017A 50 ;
017A 51 ; Special logic for F close to 1
017A Sg :
017A 5
017A 54 LN_1_PLUS:
56 08 S0 63 017A 55 suBx3 RO, S*#1.0, Ré ; R6 = 1=X
55 B85 O017¢ 56 TSTW RS : Determine which way to calculate W
OF 13 0180 gsr BEQL 10
56 10 56 67 0182 58 DIVX3 Ré S‘IZ 0 R6 ;s R6 = 2/(1=X)
56 08 62 8186 359 SUBX s*i P R6 = (14)/01=X)
56 55 A2 0189 60 SUBW 6 : Scale Ré6
56 08 62 018C 61 SUBX S‘01 0, R6 : R6 = W
09 11 O018F 6% BEE 208
56 SO0 S6 67 01N 63 108: DIVX3 R6, RO, R6 : R6 = X /7 (1=X)
56 0080 8F [ ) 0195 64 ADDW 015! EXP R6 : R6 =W = 2«¢X/(1=X) = (1+X)/(1=X) = 1
FEPO CF 08 56 75 O019A 65 208: POLYX R6, PLOGLENT, LOGTAB1 : RO = Q(W)
50 S6 64 01Ag 66 MULX R6. RO : Finish congutlng Q(w)
SO0 S6 64 01A 67 MULX R6, RO : RO =
S2  FESD CF 65 65 01A6 368 MULX3  (SP), LN2_LO, R2 : R2 = n-an Lo
50 S2 60 01AC 369 ADDX~  R2, RO : RO = N*LN2TLO + W*Q(W)
50 56 60 O1AF 70 ADDX R6, RO : RO = N*LN 0+ WeQ(W) + W
6F f56A CF 64 0135 7 MULX  LN? Hl. (sr) ; (SP) = N*LR2 MWIi
b) gE 6 813 7; ADDX (SPY+ : RO = ALOG(X)™
50 0080 8F A2 01BA 37 SUBW2  #1ax éxp RO : Divide by 2
04 O01BF 74 RET
81(0 75 ;
}Eg ;9 : X <= 0.0, signal error
7€ 00'8F 9A 01C0 378 ERROR: novzeL #MTHSK INVARGMAT, =(SP) ; condition value
SO 01 OF 79 0iC4 79 ASHQ #15, #7, RO : RO = result = reserved operand -0.0
1C 0 : ?oes to signal mechanism vector
1C 1 ; (CHFSL_MCH_RO/R1) so error handler
1C i : can modify the result.
00000000 GF 01 FB 01C CALLS #1, G*MTHSSSIGNAL : anal error and use real user's PC
1CF 4 2 ependent of CALL vs JSB
04 O1CF 5 RET : return = RO restored from
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MTHSDATANH ; Double Precision Hyperbolic Arctangent 16-SEP-19gL ?1:15:2? !AX/VHS Macro V04=-00 Page 1
Symbol table 6=-SEP-1984 11:21: MTHRTL.SRCIMTHDATANH.MAR; 1 (
ACMASK = 000801F
ERR 880 0088 R 01
ERROR 8001 R 01
F_EXP = 00000
LR2_H1 0808 g E 01
LNZ_LO 000 9 R 01
LN_T_PLUS 000017A R 01
LN_1 PLUS_W 0000188 kB 01
LOGLEN1 = ooooog
LOGLENZ2 = 0000000
LOGTAB1 00000018 R 01
LOGTAB2 00000058 R 01
MTHSSAB_ALOG_V  #esssses X 00
MTHSSAB™D FHT LA AL AL X 00
MTHSSS I GNAL sesnnnnr X 00
MTHSDATANH 00000088 RG 01
MTHSK _INVARGMAT swerenenr X 00
NEG_ERP 00000118 R 01
7 = 00000004
X_EXP = 00000007
e e m e - - - - +
! Psect synopsis !
B I e
PSECT name Allocation PSECT No. Attributes
. ABS . 00000000 ( 0.) 00 ¢ 0.) NOPIC WUSR CON ABS LCL NOSHR NOEXE NORD NOWRT NOVEC BYTE
_MTHSCODE 000001D0 ( &64.) 01 C 1.) PIC USR CON REL LCL SHR EXE RD NOWRT NOVEC LONG
P R R L 4
! Performance indicators !
- +
Phase Page faults CPU Time Elapsed Time
Initialization 30 00:00:00.09 00:00:00.73
Command processing 157 00:00:00.72 00:00:04.94
Pass 1 101 00:00:01.37 00:00:05.19
Symbol table sort 0 00:00:00.01 00:00:00.01
Pass 2 8; 00:00:00.93 00:00:03.49
Symbol table output 00:00:00.04 00:00:00.12
Esect sy?opsis out;t;utt 2 88:88:00.02 08:88:88.88
ross-reference outpu :00:00. :00:00.
Assembler run totalg 379 00:00:8?.?8 80:00:14.54

The working set Limit was 1050 pages. . !

6942 bytes (14 pages) of virtual memory were used to buffer the intermediate code.

There were 10 pages of symbol table space allocated to hold 20 non-local and 2 local symbols.
447 source Lines were read in Pass 1, producing 11 object records in Pass 2.

3 pages of virtual memory were used to define ¢ macros.
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MTHSDATANMN ; Double Precision Hyperbolic Arctangent 16-SEP-1984 01:15: AX/VMS o V04=-00 Page 1
VAX=11 Macro Run Statistics ” . 2-SEP-1936 ?1 }1-g? !HTHRTL. THDATANH MAR:1 ? (i)

Prrem e e r e r e e m e e e e ®

! Macro Library statistics !

brcmvcocvcccccscsccacs cescsccee +

Macro Library name Macros defined
$2558DUA28:(SYSLIBISTARLET.MLB:2 0
0 GETS were required to define 0 macros.

There were no errors, warnings or information messages.

MACRO/ENABLE=SUPPRESSION/DISABLE=(GLOBAL ,TRACEBACK) /LIS=LISS:MTHDATANH/0BJ=0BJS :MTHDATANH MSRCS:MTHJACKET/UPDATE=(ENHS :MTHJACKET) +MS
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