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FACILITY: MATH LIBRARY
ABSTRACT:

MTHSSIN and MTHSCOS are functions which return the ftoat1ng point
sine or cosine value of their single precision floating point argu-
ment (radians). The call is standard call-by-reference.

MTHSSIN R4 and MTHS$COS _R4 are special routines which are the same
as MTHSSIN and MTHSCOS™ except a faster non-standard JSB call is
used with the argument in RO and no registers are saved.

MTHSSINCOS is a routine which returns the floating point sine and
cosine value its si nY e precision floati ng ?o nt ra ian argument.
The call is standard ca l=by-ref ernnce. MTHSSINCOS_RS is a special
routine which is the same as MTHSSINCOS, except a faster non-
standardeSB call is used with the argument in RO and no registers
are save

MTHSSIND and MTHS$COSD are functions which return the floating point
sine or cosine value of their single precision floating point argu-
ment (degrees). The call is standard call -b{ ref crence.
MTHSSIND R4 and MTH$COSD _R4& are special routines which are the same
as MTHSSIND and MTHSCOSD™ except a faster non-standard JSB call is
used with the argument in R0 and no registers are saved.

MTHSSINCOSD is a routine uhich roturns the floating point sine and
cosine value of its si n? e prec sion floating point dggree argunent.
The call is standard call-by-reference. MTHSSINCOSD_RS is a special
routine which is the same as MTHSSINCOSD, except a faster non-
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Detailed Current Edit History 6-SEP-19 MTHRTL.SRCJUVXSINCOS.MAR; 1
.SBTTL HISTORY ; Detailed Current Edit History
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ALGORITHMIC DIFFERENCES FROM FP=11C ROUTINE:
1. Uses POLYF, s nore accuracy.
2. Checks for 1=2%+=] Bcforo polynomial instead of checking for
Yreator than 1. fterwards.
3. Signals complete Loss of significance.

Edit History for Version 1 of MTH$SINCOS

—
"\
(VN

Add JSB entry points, MTHSCOS_R4 and MTHSSIN R4. Tryggve, gUN-lZ-?B

Change rout nos $0 ss not to use RS and RG. Tryggve, Jun=15-78

Use HODD ixi > ‘ggve. sunc- 26=7

Do CVTDF aftcr EMODD. une=26

Check argument range aftor EMODF . gggvo Jgne-Z?-?B

Do CVTFD before EH DD at CBIG. TNH 25=Jul

Fix overflow SIN(2++25+P]1), too large ansuers SIN(2e+]+P])

1=21:24. TNH 26=July=7

Same fix for nogativo arg as in 1-8. TNH 26-July-78

Pic“up arg with MOVF so reserved op check. TNH 16-Aug-78
= Put version number in standard format: three digits in
edit number field. JBS 16-NOV-78

- Changp MTH__SINSIGLOS to MTHSK_SINCOSSIG. JBS 07-DEC-78

- Add to the PSECT directive. JBS 22-DEC-78

- Add RSB after call to HIHSSSIGNAL so that TAN doesn't
ao into infinite loog L 02 -feb-79

- lare externals. SBL 1 -Ha‘

= Change MTHS$K SINCOSSIG to MTHSK SIGtOSHAT JBS 19-SEP-1979

- Change arguntnt (imit to 2++31 S0 as to be compatible with

8 Yrecis on rogtines. SBL 31-0ct-1979

u N imit to 2+*+30 because this routine can't handle 2++31.
o= ov-

1-019 - Add HTHSFLAG uACKET somehow left out! SBL 2-Nov=1979

1-019A - Chan?od BLSS to BLSSU after unbiasing the exponent to exercise

small argument logic. This logic was never reached prior to this

0
:

=il =l=l=l=lelalelelelelelelelalelalelelcleslecl=l=]
(=lelelalalalalalalalalalelelalelelalelalalalalatlalealealelela BT

==
daded cbaded cbadad b adaded b

OO0 OO0 O—=v 0ONOwWN

- ed o d b D
NOWV SN -

0000

- Hodi?ieg logic for processing reduced arguments close to pi (sin)
and pi/2 (cos) to perform the operation 1 = RARG in double
precision. Porfornin? tho operation in single precision results
in L osing as much as the ast 6 bits. This modification was made
onlx input arguuent with magnitude lcss than 2++22,

- Hod fied ths word of sh; ow OF CO entry of the CSTB2 table
from octa 022174 to octal 32174, This eliminated a negative 1 Lsb
biasing of the values returned by C0S for small argunents.
= RNH 12-FEB-1981
1-20 = Added degree entry points. RNH 1-MAR-1981

OO0 O0O0OOO0O0O0O0O0O
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Edit History for Version 2 of MTH$SINCOS

Algorithnic differences form Version 1
1) lntroduc ion of SINCOS entry point
i) ELV l nat on of the size restriction on the argument
) Elinination of the MTHS$K SIGLOSHAT error
4) Introduction of a possible underflow error for radian arguments
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1 =
5-882 Hod?fiod REDUCE LARGE 58 eliminate potenaial bug (similar to the
s mentioned RNH 14=Jan-
2-003 - 1fi¢d MTHSS NCOS for afcrovax by rorlacing all D floating
ggun% nstr ctions with equivalent G_floating point instructions.
nodifiod HTH$SIN ao that it returns the same values as HTHSSINcos
in the interval ( 4). The fix was to modify thc special code
used in MTHSSINCOS for (X! in that interval. The modification
of this code was done bocauso there was no need to JSB to
NEEDS DOUBLE_SINCOS to compute COS. This probé;n aas iscovered
by J. CL nkonboard in the Fortran group. Oct-8
To reduce the LSB error to Less than the COSTBC1 tablo was changed
from a gol{no of de ree (Hart é 0) to a golynon al of degree &
(Hart 382 The CO coefficient is Hart's CO; the earlier version used
C0-1 to improve accuracy. Now, it is more accurate to use C0. The
agpropriate code modifications were also made. Various comments were
so corrected. JCW 21-Jun-84
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X$SINCOS ;: Floating Point Sine, Cosine and Sincos 16=SEP=-1984 02:06:1 AX/VMS M b=
32002 6ECLARA118NS = Declarative Part of Modu C-SEP-1984 1?:33:15 !HYHRTL.SgﬁsavngNggs.HAR:1 . (g)
0 }gz .SBTTL DECLARATIONS - Declarative Part of Module
165 ; ?
g }89 s INCLUDE FILES: MTHSJACKET.MAR g
000 168 : EXTERNAL SYMBOLS: |
08 190 : .DSABL GBL
0 11 LEXTRN MTHSAL_ &4 OV_PI
00 17; LEXTRN MTHSSSTGRAL
00 17 LEXTRN MTHSK FLOUNDMAT
§888 };g ) EXTRN MTHSSJACKET_TST
0888 };9 : EQUATED SYMBOLS:
FDB40O49 0000 178 LF_PI OV & “X0FDB404Y : 0.78539819
10641E2 0000 179 LET9_PI_Ov_4 - ax 1034155 : 7.gbasa§49
0000 180 ; LF 2 OV _PI = “XF98340°2 636619772
SF304004 0000 131 6 2 0v Pl = “XC8826DC95F 304004 - .8366197723675813E+00
CBE44116 0000 1 ; LF_3_PT.OV.4 = “XCBE44116 ; §.3561§45
53014178 0000 18 LEZSTPITOVC4 = ~X53D14178 ; 3.92699075
EDDF&1AF 8888 }gg LF_7_PI_OV_4 = “XEDDF&1AF : 5.49778700
00004334 0000 186 W 45 “x4334 ; First d of 45 in F~-f
00004§§6 0000 183 LF_ 45 = *X00004334 i i e Ty
0000C334 0000 188 LF_M45 = ‘x0000§334
56000086 0000 190 R T U G s B
0?60;386 0000 191 LF_T 0V 45 = X0 203036
A3513BEF 0000 195 LF ZCONVERT = “XA3S513BEF : 5i/1so - 2%-
%EE1£§ES 0000 19 LFZ90_ov_PI = ‘x2EE14§ES : 28.64789009
EE10365 8888 }8g . LF_SMALLEST_DEG = “X2EE10365 ; 2*-128+180/PI
3333 }39 : MACROS:
0000 198 $SFDEF : Define SF$ (stack frame) symbols
0000 199 $PSLDEF ; Define PSL (Processor Status Longword)
8808 8? . symbols
88§8 8§ s PSECT DECLARATIONS:
00000000 04 .PSECT _MTHS$CODE PIC,SHR,LONG,EXE,NOWRT
008§ 85 3 : program section for math routines
§§80 82 : OMN STORAGE: none
0888 gg : CONSTANTS:
00 11 6_P1_Ov_2:
2D185444 21FB4019 000 }g . 1 LQUAD  “X2D18544421FB4019 ;0 1.5707963267948966
2D185444 21FB&L029 §§ }g 6-3 ;l ogugeo “X2D18544421FB4L029 ; 3.1615926535897932
21D27F33 D97C4032 §} }9 G-Z-Pl- LGUAD  “X21D27F33D97C4032 : 4.7123889803846899
2D185444 21FB4LO39 0} }3 =" "7 .QUAD  “X2D18544421FB4039 : 6.2831853071795865
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c 2
Point Sine, Cosine and Sincos 16=SEP
Declarative Part of Modu 6-SEP

+SBTTL COEFFICIENT TABLES

: Polynomial Coefficient tables for arguments in radians

COSTBR1: i C0S coefficients for ar
.LONG 16EEgngk : (3 =
LONG  “XABASSEZA : €2 =
.LONG  “XFFFDBFFF : (1 =
.LONG “X00004080 : €O =

COSLENRY = ,=-COSTBR1/4

COSTBR2: i cgs goefficients for
.LONG X836538CC : C4 =
.LONG “X03C3BBB6 : (3 =
.LONG ‘xAA9DgS [} 3 C¢g»®
.LONG ‘xBCZb 4 : €] =
.LONG “X00000000 : CO =

COSLENR2 = -COSTBR2/4

SINTBR: H SIN coeffic1ents
.LONG XBAE4BALC : (3 =
.LONG “x83023008 : (2 =
.LONG “XAAAOBF 2A : C1 =
.LONG “XBADEB2 E : CO =

SINLENR = ,=-SINTBR/&

: Polynomial coefficients for arguments in cycles

COSTBC1: H CcoS oefficients f
* XCFAA : C4
.LONG ‘KEZ7SBAAA : C3
.LONG ‘xegeosog ; €2
.LONG ‘XS E6BF9D : €}
.LONG *X00004080 ;s €0
COSLENCY = ,=-COSTBC1/4
COSTBCZ2: i C0S S?effictents fo
.LONG XCFAA : 4
.LONG ‘XES?S AAA : C3
.LONG “XE 081 2 C¢
LONG  “X&4F : €}
4 .LONG *xog 0 00 : €0
75 COSLENC2 = .-COSTBCZ2/&
7? SINTBC:

: SIN coef for arg in cycles

Ji98¢ $5:38:98 ¢

?g?znis‘éeag than 1/2

than 2/pi
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ter than 2/pi
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X$SINCOS ; Floating Point Sine, Cosine and Sincos 16-SEP-1984 :06:12 VYAX/VMS Macro V04=00 P
22003 ﬁTHSSlNCOg = Radian arguments 6-SEP-1984 ??:23:16 MTHRTL.SRCIJUVXSINCOS.MAR; 1 -
E }S LSBTTL MTHSSINCOS - Radian arguments
§ §i
E 1% ; FUNCTIONAL DESCRIPTION:
C 1 E The SIN, COS and SINCOS routines are based on octant reduction. Given an
8% g ; argument, x, it is written in the form
85 g ; x = [1#(2*pi) + I*(pi/4) + Y1,
8( ? : where I1 and 1 are integers, 0 =< 1 < 8 and 0 =< Y1 < pi/4. Since SIN and
OOE ; COS have a period of 2+*pi it follows that
00C0 g E SIN(x) = SIN(I*(pi/4) + Y1)) and
88% ? ; COS(x) = COS(I+(pi/&) + Y1)),
00C gi : Usin? the trigonometric identities for the sum and difference of two angles,
88%0 3% : the following table can be generated:
8858 gg ; 1t 1= then SIN(x) = and COS(x) =
00C0 337 : 0 SIN(Y1) oS (Y1)
00C0O 38 ; 1 COS(ei/&-Y1) SIN(pi/&=Y1)
00C0O 39 : % cos(Y1) -SINCYT)
00C0 40 ; SlN(ei/k—Y1) -C0S(pi/&=Y1)
00C0O 41 ; 4 -SIN(Y1) -C0S(Y1)
00C0 ki 3 5 -COS(ei/&-Y1) -SIN(pi/&=Y1)
00C0O 43 ; 6 -C0S(Y1) SINCY1)
88%8 2; ; 7 -SIN(pi/Zé=Y1) COS(piZé&=Y1)
00C0 346 : Let Y be defined as Y = Y1 if I is even and Y = pi/4 = Y1, if I is odd, then
00C0 47 ; each entry of the above table is of the for +/-SIN(Y) or +/-C0S(Y). Based
00C0 48 ; on the above remarks, the SIN, COS and SINCOS routines process the input
00C0 49 : argument x, to obtain I and Y, and based on | selects a suitable polynomial
88%8 g? : approxiaat{on. p(Y), to evaluate the desired fuction.
00C0 52 3
00C0 Si 5 INPUT PARAMETERS:
00000006 00CO 335 ° LONG = 4
00000004 00CO 56 ¥ = 1+LONG ; x is input angle in radians
00000008 00CO 57 sine = §'LONG : sine is SIN(x
0000000C 88%8 gg cosine = 3+*LONG : cosine is COS(x)
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: Return sine and cosine of argument

po198c 9198118 EATARTL. SRESOVXSINCOs.man1 ©

LENTRY MTHSSINCOS, “M<R2, R3, Ré&, R5>

MTHSFLAG_JACKET

MOVAB  G*MTHSSJACKET_HND, (FP)

MOVF ax(AP), RO

JSB HTHSSINCOS RS
MOVL RO, @sine(EP)
28¥L R1. acosine(AP)

.SBTTL MTHSSIN

: Return sine of argument

.
L]

.ENTRY MTHSSIN, “M<R2, R3, R&>

MTHSFLAG_JACKET

MOVAB  G*MTHSSJACKET_HND, (FP)

MOVF  @x(AP), RO
IS8 MTHSSIN_R4

.SBTTL MTH$COS

; .
; Return cosine of argument

.ENTRY MTHSCOS, “M<R2, R3, R&>

MTHSFLAG_JACKET

; set handler address to jacket
; handler

; set handler address to jacket
; handler
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X$SINCOS : Floating Point Sine, Cosine and Sincos 1 4 AX/VMS Macro V04-00 =5 10
Mt PRATIIE GoSER-108s 09:08:18 JATANTS Saceo vOt00c man;1 P29* 13,1
6D 00000000 GF 9t F MOVAB G*MTHSSJACKET_HND, (FP)
F ; set handler address to jacket
; : handler
F 407
S0 04 BC 50 F9 408 MOVF ax(AP)
000002D6'EF 16 org 409 JSB MTHSCOS _ m.
04 18 410 RET
0104 &
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FUNCTIONAL DESCRIPTION:

The SIND, COSD and SINCOSD routines are based on octant reduction. Given an ?
argument, x, it is written in the form

x = 11360 + 145 + Y1,

where I1 and | are intggars. 0 =< ] <8 and 0 =< Y1 <€ 45, Since SIND and
Z0SD have a period of it follows that

£ LA W W W N N N AR PO RO RO RONORONONOND =8 =3 —3 b —b —b —a

oy oY S N N Y Y Y W N
© 000 N0 £ N = © O 00 O N4 R — OO0 ~IO N 8

tin
NCO
104
104
104
104 :
104 :
104 :
104 :
104 :
0104 -
0104 :
104 :
104 3
104 :
0104 : SIND(x) = SIND(I*45 + Y1) and
8}82 : COSD(x) = COSD(I*45 + ¥1).
0104 3 Usin? the trigonometric identities for the sum and difference of two angles,
8}82 ; the following table can be generated:
8}82 3 It 1 = then SIND(x) = and COSD(x) =
0104 3 0 SIND(Y1) CoOSD(Y1)
8104 3 1 COSD(45-Y1) SIND(45-Y1)
104 : g cosp(y1) =SIND(Y1)
0104 3 SIND(45-Y1) -COSD(45-Y1)
0104 : 4 -SIND(Y1) -COSD(Y1)
0104 S 5 =-C0SD(45-Y1) -SIND(45-Y1 i
0106 441 ; 6 -C0SD(Y1) SIND(Y1) n
8}8: 22 : 7 -SIND (45-Y1) COS(45-Y1) {
0106 444 ; Let Y be defined as Y = Y1 if | is even and Y = 45 - Y1, if | is odd, then
0104 445 ; each entry of the above table is of the for +/-SIN(Y) or +/-C0S(Y). Based 1
0106 446 ;: on the above remarks, the SIND, COSD and SINCOSD routines process the input
0106 447 ; argument x, to obtain I and Y, and based on I selects a suitable polynomial
0106 448 ; approxilat{on, p(Y), to evaluate the desired fuction.
0106 449
0104 450
00000004 0104 451 LONG = &
00000008 0104 45§ sind = g*LONG
0000000C 0104 &5 cosd = 35+LONG
0104 454
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VX$SINCOS ; Floating Point Sine, Cosine and Sincos 16=SEP=1984 02:06:12 VAX/VMS Macro V04=00 Page 12 |
g-oog ATHSSINCOSD - Degrees 6-SEP-1934 ?f:%:u MTHRTL.SRCJUVXSINCOS.MAR:1 ¢ (16
003c¢ } 4 2;9 LENTRY MTHSSINCOSD “M<R2, R3, R4, RS>
} 2 458 MTHSFLAG_JACKET
6D 00000000°'GF 9 O1 2 MOVAB  G*MTHSSJACKET_HND, (FP)
10D ; set handler address to jacket
10D ; handler
10D
100 459
50 24 BC SO0 010D 460 MOVF aX(AP), RO
0000035E'EF 1 111 48 JSB MTHSSINCOSD RS
8 BC 0 O 117 46§ MOVL RO, @sind(AP)
C BC B 118 46 MOVL R1, 8cosd(AP) ‘
11F 464 |
06 O011F 465 RET
1 8 669
1 46
81 0 468
001C 0} 298 LENTRY MTHSSIND “M<R2, R3, R&>
8} 47N MTHSFLAG_JACKET
60 00000000'GF  9E 81 MOVAB  G*MTHS$SJACKET_HND, (FP) :
129 ; set handler address to jacket
0129 : handler
0129
81 9 47;
50 04 BC 50 129 &7 MOVF aX(AP), RO
000003AE'EF 16 8} g 2;; JSB MTHSSIND_R&
06 0 476 RET
0134 477
0134 478
01;4 479
001C 0134 480 .ENTRY MTHSCOSD “M<R2, R3, R&>
01;6 481
8} 2 482 MTHSFLAG_JACKET
6D 00000000'GF 9 0136 MOVAB  G*MTHSSJACKET_HND, (FP) )
013D ; set handler address to jacket
0} g : handler
81;0 4«83
SO0 04 BC SO 81 D 434 MOVF aX(AP), RO
00000412°EF 16 0141 &85 JSB MTHS$COSD_R4
0147 ‘39
04 8167 4 RET
148 488
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Point Sine, Cosine and Sincos 16-SEP-1984 :06:1 AX/VMS Macro V04=-00 4
§ g8 - ohe 080818 TATANTe e ol e man:y PO

SBTTL MTHSSINCOS_RS
: This routine computes the SIN and COS of the F-format value of RO. The

: computation is performed one of three ways depending on the size of the
; input argument, X:

X$SINCOS . Float
Pt ATHSSIN

€ =

1) l; é}é < siégg then X is used directly in polynomial approximation
0 an .

2) If pi/4 =< ix! < 9*pi/4, then the subroutine REDUCE_MEDIUM is called
to reduce the argument to an equivalent argument in radians, Y, and
the octant, containing the argument. Y is then evaluated in two
?ol;noaials chosen as a function of I, to compute SIN(X) and COS(X).

3) 1f 9epi/4 =< X\, then the subroutine REDUCE_LARGE is called to
reduce the argument to an equivalent argument in cycles, Y, and the

Ve Ve Ve Ve Ve Ve BB B Bs 0

octant, I, contanining the argument. Y is then evaluated in two
polynonia[s chosen as a function of I, to compute SIN(X) and COS(X).
MTHSSINCOS _RS::
5« 50 S0 MOVF RO, R4 : Re = X
oF 18 BGEQ  POS_SINCOS :
00000157 EF 1 JSB SINCOS s RO = SINCIX!), R1 = COS(X)
w W 3 MNEGF RO, RO ;s RO = SIN(X)
0 RSB
SINCOS:
SO 8000 B8F AA BICW #*%x8000, RO : RO = IX!
POS_SINCOS:
50 OFDB&O4Y BF 51 CMPF #LF PI1 OV &4, RO ; Compare pi/4 with X!
2F 14 BGTR SMACL _SINCOS ; No argument reduction is necessary
S0 31D641E2 8; ?; 822; g&F_9_Pl_OV_4. RO ; Compare 9+*pi/& with X!
008C ¥ BRW LARGE _SINCOS ; Use special logic for iXi > 9+pi/4

pi/& =< IXi < 9*pi/4

0000044D'EF 16 is: JSB REDUCE_MEDIUM : Medium argument reduction routine
: R3/R4& = Y = reduced argument
: R2 = octant
7TE S3 7 Mova R3, =(SP) ; Save reduced argument on stack
52 DD PUSHL RZ ; Save octant bits on stack
000002FS'EF 16 JSB M_COS : RO = COS(X)
0 MOVL (SP)+, Rg : Rg = Octant bits
D MovaQ (SP)+, R : R3/R4& = reduced argument
DD PUSHL RO : Save COS(X) on stack
0000024C'EF 16 JSB M _SIN : RO = SIN(X)
S E sggL (SP)+, R : R1 = COS(X)

: Logic for small arguments. IX! < pi/4.

SMALL _SINCOS:
CMPW

ESEBSB BB NO P COWNINIOY > N NN =2 =b b e TV Y VN O O NN N OMNO (D 00 00 00 0000 00 00 00 0000 00 00 000000 0000oeoe OD

VOO OOOOOOOOOOD NN NN NNNNNNO OO O NN NS B BB BB DD

O
P

Compare 1/2 with X!

Sufficent overghang not available
Compare with 2°=12°

No polynomial evaluation is needed

50 4000 8:

I;XAOOO. RO
50 3A80 SF
1F

S
CMPY #°X3A80, RO
Q 1%

— b e e e o ) e ) ) e i e e ) D el D ) e e e D D e D D D D D el D D e e D D D D D D D B D D D D D D D D D D D D e nd
O WSS AIN) = OO 00 NOM N S AN = OO 00 NOM N S AN = O 0 00 NN W 8 N = O 000 N N BS N) = O 0V 00 N WSS LN — O
LR T

VT AWAA AW AWV WA T AT T AT A T T AWV SN S S B N 0 0
8585 85 85 8 5~ 2~ A N N N N A N AN N NI NI NI NIPOINOININ) = e e e e e e e e = O O OO O OO0 OO0 VOOV OVOVOVOVOVOY
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0 =0 — wo
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VX$SINCOS ; Floating Point Sine, Cosine and Sincos 16-SEP=-1984 02:06:1 AX/VMS Macro V04=00 Page 14 |
g-oog ﬁtu:snncog_ag 6-SEP-1984 ?f:38:12 !nrnan.sac:uvxsxncos.nAa;1 % an
zk 0 0O 1A 47 MOVL RO, R4 ; RG = X}
55 & & & 1A 68 MULFS R4, R4, RS : RS = XX
FE?ZA CF 03 55 55 Q1A 4 POLYF RS, #COSLENR1-1, COSTBR1: RC = COS(X)
2 gg 1AF 50 PUSHL Rg ; Save COS(X) on stack
FEBD CF 3 181 51 POLYF RS, #SINLENR=1, SINTBR ; R8 =z Q(X‘Z)
& &4 0187 S§ MULF R4, RO ; RO = 'ﬂ(X‘Z)
0 & & 1BA 5 ADDF R4, RO ; RO = SIN(X)
51 B8 00 018D 554 MOVL  (SP)+, R1 : R1 = COS(X)
0 }E? gs RSB
51 08 Sg 1C1 S? 1$: MOVF #1.0, R1 ;s RO =X, Rl =1.0 = COS(X)
o B Pl
50 pop 01C 60 28: PUSHL RO , Save ix! on stack
01C; 561
01C7 S6§ : Replace
01C7 563 ; CVTFD RO, R3
01C7 66 ; MULDZ2 R3, R3
01C7 65 ;
01C7 66
54 50 99FD 01C7 567 CVTFG RO, R4 ; R4G/RS = X!}
5 54 &4FD 8}%? ggg MULGZ R4, R4 ; R&/RS = X*2
01CF 570 : R3/R4 is needed in its G_floating representation for NEEDS_DOUBLE_SINCOS.
01CF 571 ;: The F_floating representation of R3/R4 is also needed after the return
01CF S?g ; from REEDS_DOUBLE_SINCOS. The following code will accomplish these goals.
01CF 573 ; The onl l?ng of code that is being replaced in the D_ to G_ conversion
8}%; g;g : is a PUSHL R3.
01CF 576 ; Note, the BICL3 used below is necessary since a CVIGF yields a rounded
01CF 577 ; value instead of a desired truncated value is obtained., The rounding bit
01CF 578 ; (bit 12 of the second Longword) plus all Lower order bits of word 3, that
8}%: ggg ; is, the first word of the second longword are zeroed.
53 54 00 O1CF 581 MOVL R4, R3 : R3 = first longword of G_floating
01D2 582 ; representation of X*2
54 55 O0O0001FFF 8F B 0102 583 BICL3  #*X00001FFF, RS, R& ; Rounding bit and all lower order
01DA 584 ; bits are zeroed. Orl?inal second
01DA 585 ;: longword of G_floasting rep of
01DA 586 ; X*2 is saved Tn RS
7E 53 33frD O1DA 587 CVIGF  R3, =(SP) ; Save X*2 on the stack
S¢ 55 00 8}2% ggs MOVL RS, R4 : R3/R4 is G_floating rep of X*2
8}%} ?9? : PUSHL R3 ; Save x*2 on stack
00000778'§F 16 81E1 S9§ JSB NEEDS_DOUBLE_SINCOS : Use sgecial logic to obtain overhang
55 0 D0 O1E?7 59 MOVL RO, RS s Save COS(X) in RS
50 25 gg 81EA §94 MOVL  (SP)+, RO : RO = X*2
FES1 CF 03 1eg 95 POLYF RO, #SINLENR-1, SINTBR : RO = a(x*Z)
50 6E 44 Of1F 599 MULF  (SP), RO : RO = ~a(x‘2)
50 Bg 40 1F$ 59 ADDF (SP)+, RO : RO = SIN(X)
51 55 000 OIF 293 MovL RS, Rf ; R1 = COS(X)
05 O1FC 99 RSB
1FD 600
1FD 601
1FD 60§ LARGE _SINCOS : ,
000004C1°EF 16 O1FD 60 JSB REDUCE _LARGE : R3/R4 = reduced argument (in cycles)
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uvxsglucos s Floating Pgint Sine, Cosine and Sincos 16-SEP-1984 2 gs 12 VAX/VMS Macro V04=00
2-00 MTHSSINCOS_R 6-SEP=1984 11:29:16 [MTHRTL.SRCIUVXSINCOS.MAR; 1
0 604 : R2 = octant bits
S; 90 0 605 PUSHL R ; Save octant bits on stack
7 5 D 0 686 Mova R3, =(SP) ; Save roducod argument on stack
00000 SZ'SF 16 08 607 JSB L_COoS : RO = COS
S E 70 0E 608 mMova (SP)+, R3 : Reduced argunent in R3/R4
52 65 DO 11 609 MOVL (SP), R2 : R2 = octan
65 5 D0 14 610 MOVL RO, (SP) : R1 = COS(X)
00000 u'sr 16 0217 611 JSB L_$IN : RO = SIN(X)
51 E Dg 10 61; MOVL (SP)+, R1 ;: R1 = COS(X)
0 20 61 RSB
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Point Sine, Cosine and Sincos 16=-SEP=-1984 02:06:1 AX/VMS M v04-00 P 1
2 ‘ 6-SEP-19g6 1%:88:1% !HTHRTL.53258VXSINCOS.HAR:1 . (12)

.SBTTL MTHSSIN_R4

This routine computes the SIN of the F-format value of RO, The computation
;§ performed one of three ways depending on the size of the input argument,

VXSSINCOS ; Floati
g-oo? MTHSSIN

1) g; é}é < pi/&, then X is used directly in a polynomial approximation
2) If pi/4 =< ix! < 9*pi/4, then the subroutine REDUCE_MEDIUM is called

to reduce the argument to an equivalent argument in radians, Y, and
the octant, I, containing the argument. Y is then evaluated in a
gol;noai L chosen as a function of 1 to compute SIN(X).

f 9*pi/é& =< (X!, then the subroutine REDUCE_LARGE is called to
reduce the argument to an equivalent argument in cycles, Y, and the
octant, contanining the argument. Y is then evaluated in a
polynonia( chosen as a function of | to compute SIN(X).

MTHSSIN_RG::

3)

B B B 2 B NN N N N G NN PO NN RININIRININ) — — — — —a

oo~ooooorOrOMOFCONOCONOAOrOFOrOrOOrOOrOrOrOrOrOrOrONORONOM
AN = OO 0O NONN S NN = O O 00 NON N SN — OO0 00 ~IoN W

50 53 TSTF RO ; Check the sign of RO
OF 18 BGEQ POS_SIN :
0000022F *EF 16 JSB SIN : RO = SINCIX!)
50 50 S; MNEGF RO, RO : RO = SIN(X)
0 RSB
SIN:
50 8000 8F AA sot 213 BICW #*%8000, RO : RO = iXi
50 OFDB&4O4Y B8F 51 - CMPF #LF _PI _OV_4, RO : Compare pi/4 with iX!
23 14 BGTR SMACL_SIN : No argument reduction is necessary
50 31D641E2 8F 51 CMPF #FLF_9_PI OV_4, RO ; Compare 9*pi/4 with X!
SE 19 BLSS LARGEZSIR ; Use special logic for X! > 9+pi/4

oo
SIS
O~NOrW

P opish =< IX! < 9epild

OOOMM PO NNOOAAOOOCCOOSCOME S NN TN VN D b b cd d e e o e o e o e D e o e e ed D Y

649
0000044DEF 16 650 JSB REDUCE _MEDIUM ; Medium argument reduction routine
651 : R3/R& = Y = reduced argument
65§ : R2 = octant
07 00 52 BF 653 M_SIN: CASEB R2, #0, #7 : Branch to one of four polynomial
025 654 : evaluations depending on the
0586' 025 655 1%: .WORD P_SIN_R-1$% : octant bits.
0514 025 659 .WORD P_COS_R-1$
0514° 5 65 .WORD P_COS_R-1$
581° g 653 .MORD N_SIN R-1$
581" 65 WORD N_SIN_R-1$
560' 025 660 .WORD N_COS_R-1%
560" 025 661 .WORD N_COS_R-1$
586' 025 66 .WORD P_SINZR-1$%
6 66
6 664 ; ,
6 665 ; Logic for small arguments. X! < pi/4.
60 669 :
6 66
6 668 SMALL_SIN: )
50 4000 8F 81 6 6 CMPV #4%4000, RO ; Compare 1/2 with iX! )
1A 19 0265 670 BLSS 2% : Sufficent overghang not available
50 3A80 8F B1 67 6N CMPW #*X3A80, RO ; Compare with 2%-12
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VX$SINCOS ; Floating Point Sine, Cosine and Sincos 16-SEP-1984 02:06:1 AX/VMS Macro V04-00 Page 17
3-00? ﬁTHSSlN_Rz g-SEP-19 4 ?i:gS:li !HTHRTL.SRCJUVXSINCOS.HAR;1 ’ (12)
1 1 6C 67 BGEQ 1% ; No polynomial evaluation is needed
gk Ds 9% 67§ MOVL Rg. R4 : Ré 2 xy
46 674 MULF RO,RO : RO = X=X
FDCA CF g 55 74 275 POLYF RO, #SINLENR=1, SINTBR ; RO = q(x*2)
& 44 7A 79 MULF R4, R ;
50 & 40 7 67 ADDF R4, R ;s RO = SIN(X)
05 8? g;g 1$: RSB
50 DD 1 680 2§: PUSHL RO : Save ix! on stack
SO 50 99fFD ; 621 CVTF RO, RO ; RO/R1 = X!
50 50 &4FD 2 g i MULG RO, RO : RO/R1 = X*2
8 B 684 ; Note, the BICL3 used below is necessary since a CVIGF yields a rounded
gB 685 ; value instead of a desired truncated value is obtained. The rounding bit
B 686 ; (bit 12 of the second longword) plus all Lower order bits of word 3, that
3 gg ggg ; is, the first word of the second lLongword are zeroed.
0288 689 : RO = first Longword of G_floatin
0588 690 ; represontationgof X* 3 ’
51 51 OO001FFF 8 (B 0 Bg 691 BICLS  #*X00001FFF, R1, R1 : Rounding bit and all lower order
029 69§ ; bits are zeroed. Original second
0 9; 69 : longword of G_floasting rep of
029 694 ; X*2 is saved n RS
SO 50 33FD 0293 695 CVIGF RO, RO : RO = X*2
FDA? CF 03 SO 55 0297 696 POLYF RO, #SINLENR-1, SINTBR ; RO = q(X*2)
S0 6FE 44 0290 697 MULF2  (SP), RO ; RO = X*q(X*2)
50 BE 40 OZAg 698 ADDF 2 (SP)+, RO : RO = SINOX)
05 02A 699 RSB
02A4 700
O%M 701 LARGE_SIN:
000004C1'EF 16 02A4 70% JSB REDUCE _LARGE : R3/Ré4 = reduced argument (in cycles)
02AA 70 : R2 = octant bits
53 D5 02AA 704 L_SIN: TSTL R3 : Check for degenerate case
14 13 8 :E ;82 BEQL DEGENERATE _CASE_SIN
07 00 S2 &F O a§ ;8; CASEB R2, #0, #7
0619 8 8 709 18: .WORD P_SIN_C-1$%
0578°" 8 B4 710 .WORD P_COS_C-1$%
S78' 0286 711 .WORD P_COS_C-1$%
619' 0288 71; LWORD P_SIN_C-1$%
614" 02BA .WORD N_SIN_C-1%
05C5' 02BC 714 .WORD N_COS_C~-1%
85(5' 8 Bs 715 LWORD N_COS_C-1%
614" 02C 719 .WORD N_SIN_C-1%
C 7
C 718
E ;18 DEGENERATE _CASE_SIN:
52 8A C 721 BICB #, R2 ; Compute index as (R2 - 1)/2
52 52 FF gf 9C 02C5 7 § rRotfL  #-1, R2, R2
03 00 2 B&F Ee ; 2 CASEB R2, #0, #3
0718' 02C 725 18: .WORD P _ONE-1%
8726' D 7 9 .WORD URFL -1%
71C* 020 7 .WORD N_ONE-1%
0724 D& 728 .WORD URFL -1%
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X$SINCOS ; Floating Point Sine, Cosine and Sincos 16=-SEP=1984 02:06:12 VAX/VMS Macro V04=00 Page 19 |
g!oo§ ﬁtussxn,az 6-559-1934 ?§:33=16 MTHRTL . SRCJUVXSINCOS MAR; 1 (14)§
D6 731 1
D6 7 g i
gg ; 1 .SBTTL MTHSCOS_R4
D6 735 :; This routine computes the (0OS of the F-format value of RO. The computation !
D6 7 9 : is performed one of three ways depending on the size of the input argument, }
gg ; 8 ; X. The processing is the same as described for MTHSSIN_R4. ;
§ D6 739 |
D6 740 MTHSCOS_R&:: |
50 53 0 Dg 761 TSTF RO : Check for reseved operand ,
50 8008 SF AA 8 D 76§ BICW #*x8000, RO : RO = IX!
50 “OFDB4O49 8F 51 020D 74 CMPF  #LF_PI_OV_4, RO : Compare pi/4 with X!
3 1 8 BG4 744 BGTR SMACL_C0S : No argument reduction is necessary
S0 31D641E2 BF 51 E6 745 CMPF #LF_9_PI _OV_4, RO : Compare 9+*pi/4 with X!
I 19 8 Eg ;29 BLSS LARGE_COS ; Use special logic for X! > 9+pi/é4
02EF 748 ;
8;2: ;gg s pi/& =< (X| < 9vpi/é
0000044D'EF 16 02EF 751 JSB REDUCE _MEDIUM ; Medium argument reduction routine
02F5 7S§ : R3/R4 = Y = reduced argument
02F5 75 : R2 = octant
07 00 S2 B8F O02F5 754 M_COS: CASEB R2, #0, #7 ; Branch to one of four polynomial
05F9 755 2 evaluations depending on the
046B°' 02F9 756 18: .WORD P_COS_R-1% 3 octant bits.
0508 O%FB 757 .WORD N_SIN_R-1%
0508' 02FD 758 .MORD N_SIN'R-1%
04B7" 0§FF 759 .WORD N_COS_R-1%
04B7*' 0301 760 .WORD N_COS_R-1$
050D* 0303 761 .WORD P SIN_R-1%
0S0p* 0305 76 .WORD P_SIN_R-1$
0468' 0307 76 .WORD PCCOS_R-1$
0309 764
0309 765 ; ¥
0309 766 ; Logic for small arguments. X! < pi/é.
0309 767 ;
0309 768
0309 769 SMALL_COS: :
50 4000 8F B1 0309 770 CMPW #*%4000, RO ; Compare 1/2 with X! g
07 18 8;?8 ;;1 BGEQ 1% : Sufficent overghang is available
03}0 ;;% H CVTFD RO, R3 ; R3/R4 = X!
53 50 99FD 8318 775 CVIFG RO, R3 : R3/R4 = iX! ] %
0450 31 03164 776 BRW NEE%S DOUBLE : Use special logic to obtain overhang
SO 3A80 8F BI 17 777 1%: CMPY #*X3AB0, RO ; Compare with 2%-1 : '
A 18 1C 778 BGEQ : No polynomial evaluation is needed |
50 0 &4 1€ 779 MULF RO,.RO : RO = X*X |
FCF9 CF 03 50 55 1 780 POLYF RO, #COSLENR1-1, COSTBR1; RO = COS(X) |
05 ; ; 1 RSB |
S0 08 S0 8 7 i 2%: MOVF #1.0, RO : RO = 1,0 = COS(X) i
05 B 784 RSB a
C 785 i
C 7 9
C 787 LARGE_(COS: |
I
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D 3
Point Sine, Cosine and Sincos 16-SEP-

JSB

L_COS: TSTL
BEQL
CASEB
.WORD
.WORD
.WORD
.WORD
.WORD
.WORD
.WORD
.WORD

—n
o«
..

-SEP-1
REDUCE _LARGE

R3
DEGENERATE _CASE_COS

VOEZEZZTZVO

DEGENERATE_CASE_COS:

BICB
ROTL
CASEB

1$: .WORD
.WORD
.WORD
.WORD

#M, R2
#-1, R2, R2
R2, #0, #3

UNFL =1$
N_ONE-1$
URFL -1$%
P_ONE-1$

1966 $5:98178 EATARTC. SAEOVXRTNEDs man: 1

; R3/R& = reduced argument (in cycles)

: R2 = octant bits
; Check for degenerate case

; Compute index as (R2 - 1)/2

Page ‘q
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X$SINCOS Floating Point Sine, Cosine and Sincos 16=-SEP-1984 :1 AX/VMS Macro V04=00 Page 21 |
gzoog ﬁTHSSINCOgb_RS 6= EP-IOgA ?f 33 S !HTHRTL.SRCJUVXSINCOS.RAR:1 . (%S)’
E }? .SBTTL MTHSSINCOSD_RS
E 13 ; This routine computes the SIND and COSD of the F-format value of RO. The
E 19 ; computation is performed one of two ways depending on the size of the input
E ? ; argument, X:
E § 3 1) If iXi < 45, then X is used directly in polynomial approximation
gE : of S ND and COSD.
E 4 ; 2) 1f 45 =< ix!, then the subroutine REDUCE _DEGREES is called to reduce
035E ? 3 the argument to an equivalent argument in degrees, Y, and the
SE 9 3 octant. I, containing the argunent. Y is then evaluated in two
§E 4 : Knou ials chosen as a function of I, to compute SIND(X) and
035E 9
03SE 0 MTHSSINCOSD RS::
S0 S3 0 55 1 TSTF RO 3
OF 18 036 ; BGEQ SINCOSD H
50 8000 BF AA 0;6; 8 BICW #*x8000, RO ; RO = ixi
00000371'§F 16 036 834 JSB SINCOSD ; RO/RT1 = SINDCIX:!)/COSDCiX!)
50 0 52 0360 835 MNEGF RO, RO ; RO = =SINDCiX})
05 0370 ggb RSB
0371 7
0371 838 SINCOSD:
S0 4334 BF B1 0371 839 CMPW . RO ; Compare 45 to !X!
1€ 14 0376 840 BGTR SHKLL SINCOSD : gec1al processing for small arg
O00006E2'EF 16 0378 841 JSB R%DUC DEGREES ; R3/R4 = octant/reduced argument
7€ 53 70 O037E 84; MovaQ ; Save octant bits and reduced arg
00000426°'EF 16 0381 84 JSB EVAL COSD : RO = COSD(Y)
53 Bt 70 0387 844 Mova (SP)¥, R3 : R3/R4 = octant/reduced argument
50 DD O038A 84S PUSHL RO s Save COSD(Y)
000003CE"EF 16 038C 846 JSB EVAL_SIND : RO = SIND(Y)
51 BE DO 039§ 847 MOVL (SP)¥, R1 : R1 = COSD(Y)
05 039 848 RSB
0396 849
0396 850
0396 851 SMALL_SINCOSD:
50 DD 0396 85§ PUSHL RO ; Save argument
000004 3A EF 16 0398 85 JSB SMALL_COSD : RO = COSD(ix})
55 S0 D0 039 854 MOVL RO, RS : RS = CosSp(ixi)
50 BE DO O03A1 855 MOVL (SP)+, RO : RO = argument
000003E2"EF 16 03A4 856 JSB SMALL_SIND : RO = SIND(X)
51 55 D00 03AA 357 MOVL RS, RT : R1 = COSD(ix})
05 O03AD 58 RSB
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X$SINCOS ; Floating Point Sine, Cosine and Sincos 16-SEP=-1984 02:06:12 VAX/VMS Macro V04=00 Page 22 |
ggoo? ﬁTHSSlND_aA 6-SEP-1984 ?f=33=1e MTHRTL.SRCJUVXSINCOS.MAR; 1 . (gb)g
:E 6(1) .SBTTL MTHSSIND_R&
AE 6; ; This routine computes the SIND of the F-format value of RO. The computation !
0 :E 2‘ ; is performed one of two ways depending on the size of the input argument, X: |
0 :E 25 : 1 l: éiéb( 45, then X is used directly in polynomial approximation |
: 0 .
§ AE 69 3 2) If 4! =< ixi, then the subroutine REDUCE_DEGREES is called to reduce
AE 68 . the argument to an equivalent argument in degrees, Y, and the
8 AE ?9 3 octant, I, containing the argument. Y is then evaluated in two
:E 7? : pclynonia[s chosen as a function of I, to compute SIND(X).
AE 75 MTHSSIND Ré&::
S0 53 A 7 TSTF RO : RO =X
OF 18 74 BGEQ POS_SIND :
OOOOOSBC'EF 1 0%8 75 JSB NEG_SIND : RO = SINDCiX})
50 0 52 038 76 MNEGF RO,"RO ; RO = =SINDCiX!i)
05 0388 877 RSB
038C 78
038C 879 NEG_SIND:
SO 8000 8F AA O03BC 880 BIC #*x8000, RO : RO = iXi
03C1 881 POS_SIND:
SO0 4334 BF B1 03C1 88; CMPW 45, RO ; Compare 45 to X!
1A 14 03(6 88 BGTR SMELL_SIND : sgecial processing for small arg
000006E2'EF 16 8;%2 ggg JSB REDUCE _DEGREES : R3/R4 = octant/reduced argument
O3CE 886 EVAL_SIND:
07 00 S3 BF 03(5 887 CASEB R3, #0, #7
0SFC' 0302 888 18: .WORD P_SIN_D-1$
05%(' 830& 889 .WORD P_COS_D-1%
052C*' 0306 890 .WORD P_COS_D-1%
05FC' 0308 891 .MORD P_SIND-1$
05F9"* OgDA 89§ WORD N_SIN_D-1%
0590' 03pC 89 .WORD N_COS_D-1%
0590° Ogbs 894 .WORD N_COS_D~-1%
05F9* 03E 895 .WORD N_SINZD-1%
03E 96
03E 97
03E 98 SMALL_SIND: E
50 2EE13D65 BF 51 O3E 899 CMPF #LF_SMALLD, RO ; Compare 180/pi*2*-12 with ix!
06 14 03E9 900 BGTR 1% : No polynomial evaluation is
5¢ SO go 03EB 901 MOVL RO, R4 :  necessary
050D 31 O3EE 90; BRW P_SIN_D :
50 Sg 8 F1 98 1$: TSTF RO ; Check for zero
1C 1 Fg 904 BEQL 3% : Return if RO = 0
50 2EE10365 8F 51 O03F 905 CMPF #LF_SMALLEST_DEG, RO : Check for possible underflow on
03 15 03FC 906 BLEQ 2% ; conversion to radians :
05F1 31 O03FE 907 BRW UNFL ; Underflow will occur on conversion
51 SO A351ngr 8F &5 0401 908 2%: MULF3  #LF_CONVERT, RO, R1 : Rl = (gi/180 - 2%=6)* x|
50 0300 8F A 409 909 SUBW #*x300, RO : RO = iXi#2*- g
51 & 4«0E 910 ADDF R1, RO : RO = SINDCiIX:) = (pi/180) X!
05 0411 911 3s: RSB
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SBTTL MTHSCOSD_R4

; This routine coaputos the COSD of the F=format value of RO. The computation
; is performed one of two wa¥s depending on the size of the input argument, X:
Details are given in the discussion on HTHSSIND Ré.

BRW P_COS D
MOVF  #T, RO
RSB

POLY needed
RO = 1. = COSD(iX})

0485
50 08

b
L
L

i
D
61 813
41 14
41 815
&1 1?
L
41 918 MTHSCOSD _R4::
S0 S3 04 920 TSTF RO : Check for reserved operand
20 sggo gr AA 0414 921 BICwW 0‘!6?00 RO : RO = ixi
saNn e B 958 SCTR  SHRLL COS | YW -
O00006E2°'EF 16 2 § g g JSB REDUCE _DEGREES ; R3/R4 = octant/reduced argument
b6 9 9 EVAL_COSD:
07 00 S3 8F 0426 9 CASEB R3, #0, #7
84o4- 4A 928 18: .WORD P_(0S_D-1$
SA4' 042C 929 .WORD  PZSINTD-1$%
0SA1"' 04 930 .WORD N_SIN_D-1%
85;8' 4 931 .WORD N_COS_D-1%
§38' 04 9 ; .WORD N_COS-D-1%
0SA1* 0434 9 .WORD N_SIN_D-1%
05A4* 0436 934 .WORD P_SIND-1$
04D4"' 0438 935 .WORD PZCOS_D-1$
Si3n 937
43A 938 SMALL_COSD:
SO 2EE13D65 BF L3A 939 CMPF #LF_SMALLD, RO ; Compare 180/pi*2*-12 with iX!
06 0641 940 BGTR 1% Check if polyinomial evaluation is
941 MOVL RO, R4 necessary.
96§
94
944
945

51
14
5¢ 50 g? 0443
0
05
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X$SINCOS : Floating Point Sine, Cosine and Sincos 16=-SEP=1984 :06:1 AX/VMS Macro v04-00 Page 24
g!oog htuscoso_ﬂa 6-SEP-1986 ?¥:38:1g !HTHR!L.SRCJUVXSINCOS.HAR:1 y (79),

44D 947
44D 9‘8 ‘
44D 3& .SBTTL REDUCE_MEDIUM .
@8 *
44D 95; : This routine assumes that the absolute value of the argument, X, is in RO f
& 953 ; and that pi/& =< X! < 9*pi/4., It returns a dogble precision reduced -
228 ggg ; argument, Y, in R3/R4&, and the octant bits in RZ.
4D 959 ; The reduced 0rgu-ent is obtained by locating the octant that X is in through
223 3? ; 8 binary search and then subtracting off a suitable multiple of pi/2
44D 958
044D 960 REDUCE_MEDIUM:
044D 961 ;
44D 962 ; Omit the Line of code:
44D 963 ; CLRL R1 ; RO/R1 = iX|
46D 964 ; ,
50 53014178 gf 51 044D 965 CMPF  #LF_S_PI_OV_4, RO : ‘
3 15 0454 966 BLEQ 5$ ; IX) >= Sepi/4
SO CBE4&L116 BF 51 0456 967 CMPF #LF_3_PI1_OV_4, RO
15 15 0450 968 BLEQ 3% ; IX! >= 3epi/4
0457 969 ;
82;; g;? : suBb3 D_PI_OvV_2, RO, R3 ; R3/R4 = X! = pi/2
50 S0 99FD 045SF 97 CVTF RO, RO : RO/RY = X! ‘
53 SO FB9B CF &43FD 0463 97 SUBG G_PI_Ov_2, RO, R3 : R3/R4 = X! = pi/2 i
04 18 046A 974 BGEQ 28 : |
52 01 DO 046C 975 MOVL #1, R2 ; Octant bits = 001 ;
05 O046F 976 RSB
470 977 g
5¢ 02 D00 047 978 2%: MOVL #2, R2 ; Octant bits = 010
05 047 979 RSB
0474 980
0474 981 ; old SuBD3 D_PI,RO,R3
0474 98; :
0474 98
50 S0 99FD 0474 984 38: CVTF RO, RO : RO/R1 = X!
53 SO FBBB CF 43FD 0478 985 SUBG G _Pl, RO, R3 : R3/R4 = X! = pi
06 18 847F 936 BGEQ 4 4 3 -
52 03 DO 0481 987 MOVL #3, R2 : Octant bits = 011
05 84 4 938 RSB ,
485 989 1
52 04 82 84 g 990 4$: MOVL ¥4, R2 ; Octant bits = 100 ;
: S 831 RSB ,
SO EDDF4IAF 8F 51 0489 993 58: CMPF  #LF_7_P1_OV_4, RO s |
 BaE £g 83; BLEQ 7$ : IX) >= Tepi/é |
23 gg : SUBD3 D_3_PI_OV_2, RO, R3 : R3/R4 = X! = 3%pi/2
S0 50 99fFD 9 998 CVIFG RO, RO : RO/R1 = X} ¥
53 S0 FB7S CF 43FD 233 1993 SUBG3 G_S_PI_Ov_2, RO, R3 P R3/R4 = iX! = 3epi/2
84 18 0490 1001 BGEQ 6% : ,
52 R 49F 1 g MOVL #5, R2 : Octant bits = 101
0 4A2 1 RSB
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X$SINCOS ;: Floating Point Sine, Cosine and Sincos 16=SEP=-1984 02:06:1 AX/VMS M 4=
Mt REDUCE . MED1UM G-3EP- 1086 19:95:18 IATANTL. Sacs0 YOtRo0s mar:1 P29¢ (43,
LA 1
¢ 06 0O bAi 1005 6% MOV #6, R : s
Og e ? RSBL 6, R2 Octant bits = 110
2:7 } old
2:; } §§ : suBb3 D_2_PI, RO, R3 : R3/RG = X! = 2+pi
SO SO 99FD 04A7 1011 78: CVTF RO, RO ; RO/R1 X
53 S0 868 (F 43rD OuAB 1012 SUBGS G 2,?5. RO, R3 : R3/R4 = iX! = 2epi
5¢ 07 02 482 101 MOVL #7,°R : Octant bits = 11?
s m =
52 D& 4B6 1§1 8%: CLRL R2 s i =
05 088 1 19 4 Octant bits = 000
04B9 1013
4(B9 1§1
489 1 go
0489 1021
04B9 1022
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Y0 REDUCE L ANGE G a R o0t 070818 FATANTS SReoe s man; 1 o0 38 |

The first step is to obtain the location of the binary point in the represen-
tation of C = 2*(n=p)*(4/pi) in two parts - the number of longwords from

the start and the number of bits from the most significant bit of the next
longword. Also K = 2°24*f must be obtained.

ROTL #-7, RO,

LR TR PR TR LA

5¢ S0 s2!9 8F 9C Get exp field in first byte of R2

R2
SUBW  #W_ADJUST, R2

19 A2 Unbias exp and adjust for leading
ze;o:s. R2 = location of binary
oln
53 52 D BF  9C ROIL 423, 2, B3 Divide R2 by 32 and mull by 4 to get
S3° FFFFFFES 8F CA BICL  #*XFFFFFFES, R3 R3 = # of longwords (in bytes) to

binary point.
Get base address of MTHSAL_&4_OV_PI
table

51  00000000°EF  DE MOVAL  MTHSAL_4_OV_PI, R1

4B9 .SBTTL REDUCE_LARGE
289
4«B9 : This routine is used to reduce large arggnents (iXi >= 9*pi/&) modulo pi/é.
4B9 : It returns the reduced argument, Y, in R5/R4 in units of cycles, and returns
233 ; the octant bits, I, in R2.
233 : The method of reduction is as follows:
4B9 3 x*(4/pi) = 2*n*f*(4/pi) where n is an integer and 1/2 =< f < 1
4B9 [ = 2*°(n=24)*(2*24~1)*(4/p1)
4«B9 [ = (2%24+1)*(2*(n=24)*4/pi)
4B9 : = K*(, where K = ‘Sk'f is an integer and C = 2+*(n=24)*4/pi
4B9 3 Let L = K*C modulo 8, where 0 =< L < 8, and let | = the integer(L) and
233 ; h = fract(L), then if I is even Y = h, otherwise Y = 1=h
233 2 ; CONSTANTS:
00001E80 04B9Y 4 L_INT WEIGHT = “X1E80 ; weights exponent by 21
00001000 04B9Y 4 W TERR WEIGHT = “X1000 : weights exponent by 32
00000200 04B9 4 GO _TERM WEIGHT = “x0200 ; Weights exponent by 32 in G_floatin
00004000 04B9 4 W_PMAX_WEIGHT = *x4000 ; maximum unbiasea exponent in F and
04B9 4 3 floatinY representation
00000019 04B9 4 W_ADJUST = *X19 ; Used to locate binary point in
0489 4 :  MTHSAL &4 _OV_PI table
8253 g ; D_2_T0_64:  .QUAD  “X0000000000006080 ; 2484
0489 S1 6_2_T0_64:
00000000 00004410 82?? g .QUAD  “X0000000000004410 ; 2%64
g REDUCE _LARGE :
5
S
S
5
6
6
6
6
6
6
6
6
§

N 53 Ei SUBL R3, R1 R1 ’oints to 1st quadword of interest
52 EO BF BICB #*XEO, R2 R2(7:0) = # of bits within longword
S0 7F BICW #*X7F80, RO ; Clear oxeonent field
SO0 4C00 gf A8 BISW #*%X4C00, RO : RO = 2%24+f
50 0 4A CVIFL RO, RO : RO =K

: The next step is to generate an approximation to C, call it C'' to be used
; in computing x*4/pi. C'' will consist of the first three integer bits of
: C and the first 61 fraction bits of (. These bits will be obtained from a

s s o o e e e e e e i i e e e e ol il i e i e e o D o i i i i o e e e il o e e e e o e o i e e ol D S S o e e e ) o e
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VX$SINCOS : Floating Point Sine, Cosine and Sincos 16=SEP=-1984 :06:1 AX/VMS Macro V04=00 P 7
Yeo0 REDUCE 0%:98:12 | age  20)

JLARGE 6=-SEP-1984 MTHRTL .SRCJUVXSINCOS.MAR;1
2: : constant stored in the integer array MTHSAL_4_OV_PI.
4F : NOTE: The ASHQ, ADDL, and MULL instructions in the follow sections may
&F ; result in an integer overflow trap. The overflow incurred is intentional,
&F : s0 that the IV bit must be turned off. The IV bit is not restored until
: after all of the necessary fraction bits have been generated.
7€ dC ’ MOVPSL =(SP) ; Put current PSL on stack
6t FFFFFFDF 8F CA BICL #*C<PSLSM_IV>, (SP) ;s (SP) = current IV bit
20 B9 BICPSW #PSLSM_IV : Clear integer overflow bit

Get C'' = C(0):C(1) in R3/R4. C((0) and C(1) are unsigned integers generated
from the binary representation of C. The high three bits of C(0)

are the the first three bits to the Left of the binary point of (. Bits 28:0
o; E(O) and bits 31:0 are the first 61 bits to the right of the binary point
of C.

s . -N "
51 04 (2
2 M B »

ASHQ R2, (R1), =(SP)
SUBL #, R1
ASHQ R2, (R1), R3

Shift the proper ?uadword so that
(SP)+4 has C(0)in it
R1 ﬂoints to next quadword in
THSAL _4_OV_PI table
Shift quadword to R3 so that R& has
€C(1) in it

Generate the low 64 bits of the product K*C'*' = L. This product is
equivalent to nultipl;ing K tin;s C'' modulo 8. The result of the )
roduct is in R3:R4& with _bits 63:61 the octant bits, 60:24 the valid faction
its of the product and 23:0 non-valid fraction bits that will be used later
if more fraction bits need to be generated.

AL A TE TR PR PR TR T

oocorororOrOrOrONONOMNON T TMD OD CD CD CD CD CD GO D CD
— il el o ol s el e o el ) e el i i el e ) el e e ) D e i i ) e e e ) i e e e i e = OO OO OOOOOOOOOOOOOOD
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53 00 54 50 7A EMUL RO, R4, #0, R3 : R3/R4 = K=(C(1)
03 18 BGEQ 1% ; Check if R4 was negative
5« 50 (O D ADDL RO, R4 : Adéust for signed mult. error
6E S0 04 AE (5 0 18: MULL3  4(SP), RO, (SP) : (SP) = Low 32 bits of K+*C(0)
5¢ 6 (O 5 ADDL (SP), R4 : R3/R4 = L = low order bits of K«(C'"'
E ; At this point there may or na; not be enough valid bits in R3/R4 to generate
s Y. If the first 7 fraction bits are all 1's or 0's, there a possibility of
g ; loss of significance when conputina Y. Consequently, we must check for loss
; of significance before converting R3/R4 to Y and I.
6E 54 0200000 8F (1 § ADDL3  #*x200000, R4, (SP) ; If the first 8 fraction bits are 1's
6  3FC00000 8F D3 0 BITL #*x3Fc00000, (sP) :  and the reduced arg = 1-f or the
&7 12 BNEQ CONVERT : first 8 bit are 0 and the reduced
9 : arg = f, then (and only then) bits
9 ;  29:22 are 0 and significance will
W ; be lost.
g
9 : More bits need to be generated to cover the loss of significance. There are
9 ; not enough registers to hold all the potential extra bits, so that the bits
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VX$SINCOS ; Floating Point Sine, Cosine and Sincos 16-SEP=-1984 02:06:1 AX/VMS Macro V04-00 Pa 8
Y0 REDUCE . LARGE S-aEP- 1980 15:28:18 IMYANTS SActo X dina0s man:1 P29 (50)‘I
5 § }}gs : already generated must be put on the stack.
1140 °
SE 06 (2 g 2 }}21 SUBL #,, SP : Al%oca{eton extra longwords on stack
: or lLater use
6 S3 7 g E }}22 Mova R3, (SP) ; Put L onto sgack
000006A0'EF 16 g ; }}25 JSB GEN_MORE _BITS ; R3/R4 contain 56 additional bits
6 54 O g S }}29 ADDL R4, (SP) ; Add sow g} h order bits to old low
: order 5
05 1€ 85 g 1143 BCC 2% ; Check for possible carry and adjust
04 AE D6 053A 1150 INCL 4&(SP) : gh order bits accordingly
2 N 85 D 1151 BRB 4% : A carry indicates a minor ?oss of
S3F 115; ; significance has occured
14 064 AE 1D EO 82‘2 }}g‘ 2%: BBS #29, 4(SP), 3% : Check for lLeading ones or zeros
8;22 }}35 ; Lost significance due to Leading zeros
5S¢ 04 AE 14 00 EA 0544 1159 FFS #0, #20, 4(SP), R4 : If at lLeast one bit is set. This
1F 12 056A 1158 BNEQ 43 ; means lost significance was minor.
6E 1FFFFFFF 8F DI 054§ 1159 CMPL #-X1EFFFFFF, (SP) : One of the three high bits is set.
16 15 0553 1160 BLEQ 4% ; lost significance was minor.
00EC 31 8?25 }}g1 BRW LEADING_ZEROS
8;%% }}gs ; Lost significance due to Leading ones
5S4 04 AE 14 00 EB 0558 1165 3s: FFC #0, #20, 4(SP), R4 ; If at lLeast one bit is clear. This
0B 12 OSSS 1166 BNEQ 43 ; means lost significance was minor.
6E EO000000 8F D1 0560 1167 CMPL #4XE0000000, (SP) ; One of the three high bits is clear.
02 1E 0567 1168 BGEQU 4% : lost significance was minor.
S0 N 8;23 }}98 BRE LEADING_ONES
53 6E 7D 056B 1171 4S$: Mova (SP), R3 ; Move bits to registers
8E D5 0565 117; TSTL (SP)+ ; Remove extra longword from stack
0570 117
11—
SE 08 CO 02; }};9 ADDL  #8, SP ; Clear stack
0573 1178 : Convert bit string to double precision reduced argument.
Hing
82; }}§1 - Isolate octant bits and convert low order bits to double precision.
52 5S4 03 1D EF 0;; }}Bg EXTZV  #29, #3, R4, R2 ; R2 = octant bits
g; 1 5 CVTLD R3, RO
SO 53 4EFD 0578 11 9 . CVILG R3, RO : RO/R1 = 2*61+FLO .
02 18 057C 1188 BGEQ 1% : Check for signed conversion error
5¢ D6 0576 1189 INCL R& : and adjust RS accord1n?ly )
1C 52 E9 g }}9? 1$ BLBC R2, 2% : Check for odd or even octant bits
g }}3; 3 Octant bits are odd. Reduced argument equals 1 - f.
54 EO0000000 8F (8 05 1194 BISL #*XE0000000, R4 ; Set octant bits




aGPoint Sine, Cosine and"512cos 12 32 ?f gs 1i YAXIVHS Macro g?;gg

VX$SINCOS Floatin P 9
L003 REDUCE LARGE NTHRTL. SREJOVXS INCOS. mAR: 1 9% (30
S8A 1195 ;
A 1199 H CVTLD R4, R3Y ; R3/R4 = =2%29+«(1 = FHI)
: }}gs : ADDW2  #W_TERM_WEIGHT, R3
53 54 4EFD A 1199 ° CVILG R4, R3 : R3/R4 = =2429+(1 = FHI)
53 0200 8F A0 § } §(1> ADDWZ  #GW_TERM_WEIGHT, R3 : R3/R4 = -S“bhﬂ - FHI)
5§93 1 ; : ADDD RO, ag
gg } (8"' : SUBW  #*X9EB0, R3
53 50 40FD 0593 1205 ADDG2 RO, R3 ; R3/R4 = =2°61+(1 = FHI = FLO)
53 ngo 8F Af 359 1 8? SUBW #*X8300, R3 : R3/R4 =1 = F
00FB8 3 oggg } 08 BRW RESTORE
8;3; } 98 3 Octant bits are even. Reduced argument equals f
5 EO000000 8F CA 8;:2 } }1 2$: BICL #*XE0000000, R4 ; Clear octant bits
05A6 1 1§ ; CVILD R4, R3 ; R3/R4 = 2%29+FH]
05A6 1214 ; ADDW "n_ TERH _WEIGHT, R3 : R3/R4 = 2°61+FH]
05A6 1215 ; ADDD R : R3/R4 = 2%61+(FHI + FLO)
82:2 } }? : SuUBw 3“11580 R3 : R3/R4 = F = FHI + FLO
53 54 4EFD 05A6 1218 ° CVILG R4, : R3/R4 = 5‘29-ru1
53 0%00 8F A0 O05AA 1219 ADDW IGU T%Rn WEIGHT, R3 : R3/R4 = 2*61+FH]
5 50 4OFD OS5SAF 1220 ADDG : R3/R4 = 2‘61'(FH1 + FLO)
53 0300 8F A2 0583 1221 SUBW J“XO3DO R3 : R3/R4 = HI + FLO
OO0DF 31 0588 1%2; BRW RESTORE
0588 122
05BB 1224
0388 1338
0588 1%27 : At this point it has been determined that there is a major loss of
05B8B 1228 ; significance and the processing begins a Looping phase. Each iteration of
0588 12;9 : the loop will generate additional extra bits of K+C' until cnou?h significant
058B 1230 ; bits to compute Y are available. During this time the stack will contain
8;33 }Zgl ; four longwords allocated as follows:
0588 1 lg : SP ====> |2 : LI and L2 are the last 2 longwords worth of
0588 1234 ; L1 : g icant bits generate
0588 1235 . LO : 1st three bits of L0 are the octant bits
8588 1 9 [ W : Weighting factor - keeps track of the
BB 1 3 number of iterations that have failed
8B 1 3 3 to produce enough significant bits.
388 1540
ggg } 21 LEADING_ONES:
568 1 65 : If processing continues here it is known that the loss of significance is due
ggg % 2g ; to a string of Leading ones.
7€ 53 D00 0588 1 49 MOVL R3, =(SP) ; Put L2 onto stack
OC AE O000D1EBO 8F DO OSBE 124 MOVL #L_INT_WEIGHT, 12(SP) ; W = exp bias for last longword
ggg } 28 3 of the product K+(
04 AE  FFE00000 gF D1 05C6 1250 LOOP_1: CMPL I‘XFFEOOOOO 4&(SP) : Check L2 for enough significant bits
F 1A 05CE 1251 BGTRU  CONVERT_1 : Enough bits. Convert to floating.
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VX$SINCOS : Floating Point Sine, Cosine and Sincos 16=-SEP=-1984 02:06:1 AX/VMS Macro V04-00 Page 30
3-002 ﬁEDUCE,LA GE 6-SEP-19gk ?¥:88:1g !HVHRTL.SRCJUVXSINCOS.HAR:1 . (30)
000006A0'EF 16 0500 1 §§ JSB GEN_MORE _BITS ; R3/R4 contains an 56 addtional 56
gD 1 : bits of K*(C"*,
5¢ 6E (O D6 1254 ADDL (SP), R4 ; Add low order bits of cxisting
SD9 1255 ; product, L2, to high order bits of
SD9 1 59 : new product, R&.
0B 1€ 0509 125 BCC 1% ; Check for carry on previous ADDL
046 AE D6 0508 1 58 INCL 4&(SP) ; Add carry into L1
06 1€ OS5DE 125 BCC 1% ;s Check for carry 8n previous ADDL
08 A gb ggE 1260 INCL 8(SP) ; Add carry into LO, If carry
009 1 E3 1261 BRW CONVERT_0OA : gropagates to LO enough fraction
SE6 1 6; 3 its are available to produce
252 } 24 : equivalent argument
04 AE FFFFFFFF BF D1 O05E6 1265 18: CMPL #-1, 4(SP) ; Check for L1 all 1's
1C 1A O05EE 1266 BGTRU  CONVERT_1A : Not all 1's. Enough precision bits
0S5F0 1267 : to compute Y
6E 53 70 O05F0 1268 Mova R3, (SP) : Compress representation of L
FFCB OC AE 1000 8F 4000 8F 30 OS5F3 1269 ACBW  #W_MAX_WEIGHT, #W_TERM_WEIGHT, 12(SP), LOOP_1
O05FE 1270 : Increment weighting factor. 1If
05FE 127 : weighting factor is greater than
O0S5FE 1 7; ; 128 then no more bits need to be
OSFE 127 ; generated.
0SFE 1574
OSFE 1275 ;
OSFE 1%76 : The ueighting factor is ?reater than 128. This means that the reduced
O5FE 1277 ; argument is either not distinguishable from 1 or too small to be represented
O5FE 1 Tg : in F_format (i.e. underflow.). Zero is returned in R3 for the reduced
O5FE 1279 ; argument to signal this occurance. Note that under these conditions the
O5FE 1280 ; correct function value is one of the values 0, +/=1. The y
O5FE 1281 ; correct choice is determined by the calling program based on the octant bits
82;5 } gg ; returned in R1.
53 D& OSFE 1284 CLRL R3 : Reduced argument is zero
5¢ 0B AE 03 1D EF 0600 1585 EXTZV  #29, #3, B(SP), R? : R2 = octant bits
SE 10 CO 0606 1286 ADDL #16, SP : Clear stack
0086 31 0609 1287 BRW RESTORE
060C 1288
60C 1289 CONVERT_1A:
6E 53 D00 060C 1290 MOVL R3, (SP) ; Put L2 onto stack
060F 1291 CONVERT_1B:
60F 1 9; :
28; } g‘ } CVILD (SP)+, RO : RO/R1 = 2*wsL2
50 35 4EFg §60F 1295 CVILG (SP)+, RO ; RO/R1 = 24w+ 2 )
1 613 1 99 BGEQ 1% : Check for signed conversion error
6E D6 06} } 38 INCL (SP) : and adjust L1 accordingly.
) :
§617 1299 ; 18: CVTLD (SP),R3
AR
53  6E 4EFD 8617 1 i 1$: CVILG  (SP), R3 ; Convert L1 to double and check for
07 18 Og}g } ? BGEQ 2% : signed conversion error.
g}g } 53 ADDW #*X9000, R3
53 8200 8! A? 613 1 9 ] ADDW #°%x8200, R3 : R3/R4 = 2w+ (2%64 - L1)
C 1 622 1308 BRB 3%
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VX$SINCOS ; Floating Point Sine, Cosine and Sincos 16-SEP-1984 02:06:12 VAX/VMS Macro V04=00 Page 31
3-002 REDUCE _LARGE 6-SEP-19SA ?%:23:16 MTHRTL.SRCJUVXSINCOS.MAR;1 ’ (50)
624 1309
626 1310 ;
624 1311 ; 2%: ADDW 01800 R3
604 1 1; : SUBD3 R3, D_2_T0_64, R3
g8t 131
53 0200 BF A0 0624 1315 2%: ADDW #*%X0200, R3 : R3/R4 = 2*w+L1
53  FEBA CF 53 43FD 82 8 } }% SUBG3 R3, 6_2_T0_64, R3 ; R3/R4 = 5“0'(2‘64 - L1
06 8 1 13 S
6 1319 ; 38: SUBD RO, R : R3I/RG = 2*Wx(2%64 - L1 - L2)
6 8 1320 ; EXTZV #29, #3, (SP)+, R2 : Rg = octant bits
630 1321 : SUBL (SPJ+, R3 : R3/R4 = ¥
068 1 g BRW RESTORE
06 1 :
86 0 1324
53 50 42FD 0630 1325 3s: SUBG2 RO, R3 : RI/R4 = 2%Wx(2%64 - L1 = L2)
S2 B 03 1D EF 0634 1 : EXTZV  #29, #3, (SP)+, R2 : R2 = octant bits
75 8E 4EFD 0639 1 CVILG  (SPJ+, =(SP)
p) 8E 42FD 063D 1328 SUBG2 (SP)+, R3 : R3/R4 = ¥
0056 31 0641 13;9 BRW RESTORE
0644 1330
0644 1%31
0644 1 3; LEADING_ZEROS:
0644 133
0644 1334
0644 1335 ; 1f processing continues here it is known that the loss of significance is due
0644 1336 ; to a string of Leading zeros. Note that it is known that the loop for
0644 1337 ; leading zeros will terminate before an underflow condition occurs so that the
8222 }Sgg ; Loop does not include a test for underflow.
7E 53 DO 0644 1340 MOVL R3, =(SP) : Put L2 onto stack
OC AE 00001EBO B8F DO 0647 1;41 MOVL FL_INT_WEIGHT, 12(SP) ; W = exp bias for last longword
822: }325 ; of the product K+C'
04 AE  OOTFFFFF 8F D1 064F 1344 LOOP_0: CMPL #*X001FFFFF, 4(SP) : Check L2 for enough fraction bits
20 19 0657 1345 BLSS CONVERT 0B : Enouzh bits, Convert to float1qg
000006A0'EF 16 82?? }%29 JSB GEN_MORE_BITS : RS/? nggtaln an addtional 56 bits
: 0 .
56 6 (O O0Q65F 1348 ADDL (SP), R4 : Add low order bits of existing
0662 1349 : product, (SP), to high order bits
066 1%50 : of new product, R&.
03 1E 0662 1351 BCC 13 : Check for carry on previous ADDL
04 AE D6 0664 1 S§ INCL 4&(SP) : Add in carry. Note: High bits of R4
667 135 s are 0 so no 8arry possible on INCL
56 D5 0667 1354 18: TSTL Ré& : Check for all 0's - :
12 0669 1355 BNEQ CONVERT_OA : Not all 0's. Enough precision bits.
6E 5 70 0668 1 59 MOvaQ R3, (SPY : Compress representation of
OC AE 1000 8F AQD O066E 135 ADDW #J_TERM_WEIGHT, 12(SP) ; Increment weighting factor.
D9 11 0674 1 Sg BRB LoBP_0
676 135
676 1360 CONVERT_OA:
6t 54 DO 673 1361 MOV R4, (SP) ; Put L2 onto stack
79 1362 CONVERT_OB
679 1363 ;
679 1364 ; CVILD (SP), RO ; RO/R1 = 2*%ue| 2
679 1365 ;




C &
VX$SINCOS Floating Point Sine, Cosine and Sincos 16-SEP-1984 0 :12 VAX/VMS Macro V04=00 Page
g°00§ ﬁEDUCE LARGE SEP-1924 33 116 !HTHRTL SRC J VXSINCOS.MAR;1 9 (38)
50 85 kEFg 679 1 69 CVILG (SP), RO : RO/R1 = 2*W=L2
1 2 136 BGEQ 1% : If L2 is negative, adjust L1 to
6t D6 7F 1 63 INCL (SP) ;s to reflect signed rather than
g } } ?o ; unsigned conversion
681 1371 : 1% CVILD (SP), R3 : Convert 1 to double
681 1 7; ; ADDW  #W_TERM_WEIGHT, R3 ; n§/n4 = 2 w1
681 1373 ; ADDD RO, R : R3/R4 = ‘H'(Ll + L2)
681 1374 : EXTIZV  #29, #3, (SP)+, R2 : R2 = octant bits
g } } ;s ; SUBL  (SPJ+, R3 P R3/RG = Y
5 gE 4EFD 0681 1377 1% CVTL (SP), R3 : Convert L1 to double
53 0300 8 A0 06Bs 1378 ADDUS  #GU_TERW WEIGHT, RS a?xna = 3husLd
SO 4O0FD 06BA 1379 ADDG RO,"R : R3/R4 = 2*uW« (L1 + L2)
52 8E 03 10 EF 068§ 1380 EXTZV 026 #3, (SP)+, R2 : R2 = octant bits
7§ 8E 4EFD 0693 1381 CVILG  (SP§+, =(SP)
b) 8E €2 0697 1 8§ SUBL2 (SP)+, R3 : R3/R4 = ¥
069A 138
069A 1384
069A 1385 RESTORE:
6 B8 069A 1;86 BISPSW (SP) : Restore IV bit and exit
SE 04 CO 069C 1387 ADDL #4, SP : Remove mask from stack
05 O069F 1388 RSB
06A0 1389
06A0 1%90 GEN_MORE_BITS:
06A0 139N
06A0 139; 3 ) . -
82:8 }gg‘ ; This subroutine generates 56 extra fraction bits and stores them in R3/R4
06A0 1395
S1 04 €2 06A0 1396 SUBL #6, R : Adjust pointer to next quadword
53 61 52 79 06A3 1397 ASHQ R2, (R1), R3 : Put next coefficient in R4
53 00 5S4 SO 7A O06A7 1;98 EMUL RO, R4, #0, R3 : Generate the fraction bits in R3/R4
03 18 O06AC 1399 BGEQ 1% : Check for signed arithmentic error
5¢ 50 CO O6AE 1400 ADDL RO, R4 : Negative factor, adjust Ré
05 06B1 1401 18: RSB
068 140;
068 140
06B2 1404
06B2 1405
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VX$SINCOS : Floating Point Sine, Cosine and Sincos 16-SEP-19 4 | AX/VMS M v04-00 P 3 |
3-00§ ﬁEDUCE_DEEREES 6=-SEP-1984 ?g gs i !HTHRTL V SINCOS.MAR;1 et (31).
823 }287 .SBTTL REDUCE_DEGREES |
68 1408 ; This routine assumes that the absolute value of the arqunent is in RO. i
682 1410 : The reduction process is performed in two gtages. first stage of .
682 1411 ; the reduction reduces the argument modulo to a value éess that 2424, f
gg %2}; : and the second stage reduces the argument to less than & '
06B2 1414 ; Constants used in this reduction: i
0¢as 1618 |
068 1619 POWER_MOD 360 _0: : Powers of 2 modulo 360 for t1 = 0 !
0008 0004 8038 8001 68 1413 .WOR 1. " 4, *
0080 0040 00 010 06BA 141 .HORD 16, 32, 64, 12
00F8 0130 0098 0100 Oggi }: ? LWORD 256, 15¢. 304, 248
06CA 14 g POWER_MOD 360 1: Powers of 2 modulo 360 for t1 <> 0
0008 00B8 0110 0088 O06CA 14 .00RD™ 136, 572 184, 8
0080 0040 0020 0010 06D2 1424 HORD 16, % 64, 128
00F8 0130 0098 0100 822A }2 g .WORD 256, 15 304, 248
06E 1427 REDUCE_DEGREES:
50 &4CBO BF B! O06E2 1428 CMPW #*X4C80, RO ; Compare ix: with 224
14 06E7 1429 BGTR LAST STEP ; Branch to special logic for med arg
06E9 1431
82%3 %2%; % It is assumed here that the argument is greater than 224.
06E9 1434 : The ar unent is reduced as follows:
06E9 1435 ; %e x = 2*trf, where t > 24 and 1/2 =<_f < 1. And let_J = 2%24+f =
06E9 1436 :; 1S'J1 + J2 and K = ‘(t-Z&). Since 2*15 = B modulo 360, we have that
06E9 1437 ; 8+J1 + J2 modul 60 wlet t' =t = 24 = 12+*t1 + t2. Note that
06E9 1438 ; (2‘12)“2 = 2%24 = (2 t(2‘15) =z ( “9)«(2*3) = 2*12 modulo 360. Hence,
06E9 1439 ; t1 is not zero, K = At = 24(12+t1+t2) = [2%(12+t1)])+[2*t2] =
06E9 1440 ; [2*12)+[2*t2] = 136*2“t nodulo 360. Ffor t1 =0, K = g“t . _Consequently
06E9 1441 ; define K' congruent to 2*t2 if t1=0 and congruent to 136+2*t2 otherwise,
D6E9 144% s where 0=< K' < 360. Then x' = K'~(8+J1 + JZ) is congruent to x modulo
06E9 1443 ; 360 and x' < 2*24
0GEY 1445
51 SO 00007F80 8F (B O06E9 1446 BICLS #*x7F80, RO, R1 :
51 4&CO00 BF A8 O06F1 1447 BISW #*x4C00, R1 : Rl =)
= N = 82;3 }:23 SUBL R1, RO : RO = t'«247
52 51 7rrrg?oo gs E 8?5? }22? 265%3 ;5!7;;?0000. R1, R2 : R% = j}'2‘15
52 Q600 §F A2 0704 1452 SUBW rieoo. R2 P R2 = I
51 S2 & O; g }2§‘ ADDF R2, : R1 = 8¢J1 + J2 = J modulo 360
w0k B m m FH:
52 gs §4 715 1459 MULB 5 g ; ag B 15~:1
50 2 0;}3 }2?3 SUBB RZ ‘RO : =t
S; 95 0718 1460 TSTB R2 : Check for t1 = 0 and choose K'
0 12 071D 1461 BNEQ 1% : _accordingly
50 8F AF40 4D 071F 146§ CVIWF  POWER_MOD_360_0CR0], RO ; RO = K'
05 1 7264 146 BRB 2%
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6-SEP=1

POWER_MOD_360_1CRO1, RO ;
R1, RO

Poi

EES

1664

1465

1469

146

1468

1‘99

1470

1471

147§

147 Let | =

1474 it 1 is even

1475 then Y = X = 5';
}2;; else Y = (I1+1)%45 -
1478 EMODF  #LF_1_0V_45, #X_
1479

1480 BLBC R3, EVEN

1481 ADDL3 01. R3

148§ CVTLF

148 MULF ch 45

1484 SUBF RO, R4

1485 BICB #*XF8, R

1486 RSB

1487

1488 EVEN: CVTLF R3, R4

1489 MULF ILF _M45, R4
1490 ADDF RO, R4

1491 BICB ¥*XF8, R3
149§ RSB

149

198¢ 15:38:18 LATARTL.SR¢

RO =

ar?unent Y is computed as follows:

1_0V_45, RO, R3, R4

R3 = I = integer
Bzanc? if1octant

R4
R4
Save

45+(1+1)
Y

I
=45+]
\

SeSaNa v
o
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®nnn

V04-00

P
V SINCOS.MAR;1

: RO = x' (mod 45) 0 =< RO < 2*24

Argument reduction scheme for arguments with absolute value less than 224

art of ixi/45
1ts are even

only Last three octant bits

only Last three octant bits

” (3?)
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int Sine, Ccsine and Sincos 16=-SEP-19
6=-SEP-19

+SBTTL RADIAN_POLYNOMIALS

§
0
:
:
:

O 00 NO NS N = OO0 ~ION N
SeWa e

E Polynomial evaluation for =COS(Y

L

N_COS_R:

)

4
4

1138118 TATURTL. SR¢

Using CMPL for G does not yoeld enougﬁ

CVIGF  R3, RO ;
10 CMPW  #*X4000, RO ;
11 BGEQ  LEQL_WALF ;
}i NEEDS_DOUBLE :
1% : MULD  R3, R3 ;
1§ :
16
}g MULGZ2 R3, R3 3
19 NEEDS_DOUBLE _SIMCOS:
0 ; PUSHL R3 :
1 MOVQ  R3, =(SP) :
g BICW2 #*X1FFF, R4 :
gg CVIGF  R3, R3 :
26 POLYF R3, #COSLENR2-1, COSTBR2;
%7 ; SUBL3  #*X80, (SP)+, RS ;
8 : SuBD  #1, RS :
59 3 SUBD R3, RO 3
3? ; CVIDF RO, RO :
gg SUBL3  #*X0010, (SP)+, R3 :
MOVL  (SP)+, R4 :
4 suBG2 #1, RS ;
5 CVIFG RO, RO
‘ SUBG2 R3. RO ;
7 CVIGF RO, RO ;
3 RSB
LEQL _HALF:
40 ; CVIDF  R3, R& :
41 CVIGF R3. R4 ;
4; MULF R4 R& :
4 POLYF R4, #COSLENR1=1, COSTBR1:
44 RSS
25
29
it
go
1

ro V04-00 Pag
RCIJUVXSINCOS.MAR; 1

Polynomials for arguments in radians

; R3/R4 = (Y|

E Polynomial evaluation for COS(Y) for Y in radians
P_COS_R:

BICW #-x8000, R3

CMPW #*%X4000, R3

Compare 1/2 with iY!
signif fraction bits

; Need to conform to old code.
; Compare 1/2 with Y|
; Sufficent overhang is available

R3/R4 = YxY

R3/R4 = YrY

Save high half of YrY

Save G rep of Y*2 :

Zero the rounding bit (bit 12) and
all lower order bits of word 4.

R3 = Y*2 truncated.

RO = Y*4=Q(YrY)

R3/R4 = YrY/
R3/RG = Y*2/2 = 1
RO/R1 = COS(Y)

RO = cOS(Y)

R3/RG = Y*2
R3/R4 = Y*2/2 = 1
RO/R1 = COS(Y)

RO = COS(Y)

RG = iY!

RG = iY!

RG = Y*Y

RO = COS(Y)

e 35
(23)




A
X$SINCOS : Floating Point Sine, Cosin and Sincos 16=-SEP AX/VMS H cro V04=-00 Page
g!00§ ﬁADIAN_PO YNOMIALS ; ﬁolynoazlls for arg 6-SEP g ?; 88 :16 [MTHRTL.S J UVXSINCOS.MAR;1 . (33)
S3 8000 BF AA 0780 1 i BICW 0“!8888 Rg : R3/R4 = V!
785 1 : CMPW [ o U Compare 1/2 with Y!
;g } g : Using CMPL for G does not yoeld enougﬁ signif fraction b.ts
SO0 S3 33frD 0785 1 ? ; CVTGF 3, 8 : Need to conform to old code.
50 4000 gF 81 789 1 CMPW "XAO 0, RO 3 Comparc 172 with Y|
E 18 078 1 8 BGEQ 1 : gfficont overhang is available
7C lgS 3 MULD R3, R3 3 Yry
;E }Sg? 3 PUSHL R ; Save high half of Yry
;3 g 44FD 07C 156; MULG2 R3, R3 : R3/R4 = ywy
i 70 7C§ 156 Mova R3, =(SP) : Save G rep of Y*2
S& 1FFF BF AA 0Q7C7 1564 BICW2 #*X1FFF, Ré : ero the rounding bit (bit 12) and
7CC 1565 : gl lower order 51ts of word 4.
53 S3 33fD ;88 }32? CVIGF R3, R3 : R truncated Y*
FBSA CF 04 53 55 O;gg }gbg ) POLYF R3, #COSLENR2=1, COSTBR2; RO = Y*4+Q(YrY)
8706 1590 : SUBL3 O‘XBO (SP)+, R3 : R3/R4 = YrY/2
706 1571 : SUBD aﬁ P RI/RG = =(1 = ¥42/2)
07D6 157; - SUBD o : R3/R4 = =COS(Y)
0706 1573 ; CVTDF R RO : RO = =COS(Y)
0706 1378 °
S3 B8t 10 €3 0706 1576 SUBL3 l‘x0010 (SP)*. R3 3
54 8E DO O7DA 1577 MOVL (SP )+ : R3/R4 = Y*2/2
G i in B dnC
53 S0 4§FD 07ES 1580 SUBG2 RO, R3 : R3/R4 = =COS(Y)
50 53 33FrD O7E9 1581 CVTGF RS RO : RO = =COS(Y)
07ED 158;
05 O7ED 158 RSB
OTEE 1388
§;EE }ggg E 1$: CVTDF R3, R4 : R4 = 1Y
ARG TH
F825 CF 03 & 55 O7F 1590 POLYF R&G, ICOSLENR1 1, COSTBR1; RO = COS(Y)
S0 8000 8F AC 87FB 1591 XORW #°x8000, RO : RO = =COS(Y)
05 0800 1S9§ RSB
0801 1394 :
833} }ggs g Polynomial evaluation for =SIN(Y)
oati 1397
53 8000 8F AC 8301 1593 == XORW #*x8000, R3
i 180
§06 168; E Polynomial evaluation for SIN(Y)
02 1234 '
§ 1605 P_SIN_R: :
7 S3 7D 1808 e N . (sP) i e iR
N : Save s
S¢ 1FFF 8F AA 883 1688 BICW2 c‘x1 F. R4 ; lero the rounding bit (bit 12) and
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Cosine and S1ncos 16-$
olynomials for arg 6-SEP-19

CVTGF
PUSHL

MULF
POLYF
MOVL
MULF

ADDD
CVTDF
MULF2
CVTF
ADDG

CVTGF
RSB

P-19gb

lNkENR-1. SINTBR
R

D~ADV~ DVVV~VXV 1D

¢ $5:38:08 LATARTE SRESOVSINESs man: 1

Page (3

!ll lower order bits in word 4.

Y truncated.
Save Y truncated.

= Yy
= P(YrY)
=

RO = truncated Y * P(Y*2)

R /R1 SIN(Y)
= SIN Y)

4
3)
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X$SINCOS Floating Point Sine, Cosine and Sincos 16-SEP=-1984 02:06:1 AX/VMS Macro V04=00 Page 38
g!oog tYCLE_POL'NOHIALS ; Polynomials for argu Z-SEP-1934 ?i:g8:1g !HTHRTL.SRCJUV!SINCOS.HAR:1 ¢ (34)
g }g 3 .SBTTL CYCLE_POLYNOMIALS ; Polynomials for arguments in cycles
D 12 1
b 1tk
g }g g : Polynomial evaluation for COS(Y) for Y in cycles
D 1638
b 1637 P_COS_C:
D 16 3 3 CMPF #LF 2 OV_PI, R3 ; Compare S/pi with Y|
53 00000000 SF304004 gf S1Fg D 16 CMPG #6_2_0v _PI, R3 ; Compare 2/pi with Y|
E 1 9 1240 BGEQ  LEAL-2_OV_P : ngficent overhang is available
8 1641 ; MULD R3, R : R3/R4 = YnY
8‘ }gzi 3 PUSHL R ; Save high half of Yy
53 53 44FD 0838 1644 MULG2 R3, R3 : R3/R4 = Yry
7E S 70 88 F 1645 MOva R3, =(SP) ; SAVE Y*2
S& 1FFF BF 84; 1649 BICW2  #*X1FFF, R4 ; lero the rounding bit (bit 12) and
886 164 : gll lower order bits of word 4.
53 53 33FD 367 1648 CVIGF R3, R3 : RS = Y*2 truncated.
F817 CF 04 S 55 084B 1649 POLYF R3, #COSLENC2=1, COSTBC2; RO = Y~4+Q(YrY)
0851 1650 ; SUBL3 3‘110g. (SP)+, R3 : R5/R4 = YrY/4
8351 165; 3 SUBD R3, RO : RO/RT = COS(Y)
oag} }224 : CVIDF RO, RO ; RO = COS(Y)
53 gE SO C3 0851 1655 SUBL3Y  #*X0020, (SP)+, R3 H
4 E D0 0855 1659 MOVL (SP)+, R4 : R3/R& = Y¥*2/4
30 90 9oFD 083c 1638 st o N N
50 353 t.gro 0860 1659 SUBG2 R3. RO : RO/R1 = COS(Y)
50 SO0 3 Sg Oggg }22? gg;GF RO, RO : RO = COS(Y)
869 166§ LEQL_2_OV_PI:
0869 1663 ; cVUTDF R3, R4 : R4 = 1Y}
3 3 i 086p 1egs L RG. R LN
F7DE CF 04 5S¢ S5 0870 1669 POLYF Rk: #COSLENC1=-1, COSTBC1E RO = COS(Y)
05 087? 166 RSB
0877 1668
i
8877 1671 ; Polynomial evaluation for =COS(Y)
77 167§ 3
1180 cos
77 1675 ;= T (MPF #LF 2 OV PI, R3 : Compare 2/pi with iY!
53 00000000 SF304004 8F S1FD 77 1679 CMPG #G_2_0Ov_PI, R3 : Compare 2/pi with iY! ;
2E 18 83 167 BGEQ 1% : Sufficent overhang is available
88% 1678 3 MULD Rg. R3 : R3/R& = YrY
8 }g?o : PUSHL R : Save high half of YrY
53 Sg 44FD g 1681 MULG2 R3, R3 : R3/R4G = Y*2
7E g 70 9 16 i MOvaQ RS, -(SP) : Save Y*2 )
S¢ 1FFF BF AA C 16 BICW2  #*X1FFF, R& ; lero the rounding bit (bit 12) and
1 1684 : gll lower order gits of word 4.
53 53 33fFD 91 1685 CVIGF R3, R3 : RY = truncated Y*2.

-




ggagglncos

F7CD CF

53

F794 CF
50

53

Sh

F79A CF

53

L L
-<

(alngl
~ee—
mo

wh
E

5 B8
3 GSFD
§ &
I
0

56¢ 53 33FD
54 gb 44
04 & 55
8000 8F AC
05

8000 8F AC
7€ 53 70
1FFF BF AA
53 53 33FD
53 oD
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Sino. Cosine and SIHCOS -SEP=-1984 02:06:1 AX/VMS Macro V04=00 P
S ; Polynomials for argu 6-SEP-1984 ?f:33:1i !HTHRTL.SRCJUVXSINCOS.HAR;1 .
POLY RS #COSLENC2=1, COSTBC2; RO = Y*4+Q(YrY)
: B L. Ueie. s P RE/RG = 201 S ya2s4)
: SUBD g : R3/R4 = =COS(Y)
: CVIDF R : RO = =COS(Y)
SUBLS  #*x0020 +, R3 :
B W BT Y e
- H - - - Y*2
CVTF RO. R
SUBG Rg. g ; R3/R4 = =COS(Y)
CVIGF ’ ; RO = =COS(Y)
RSB
: 18: CVTIDF Rg. R4 : R4 = Y|
is: CVIGF  R3, R4 : R4 = V!
MULF R4, R4 : R4 = yry
POLYF R4, #COSLENC1=1, COSTBC1; RO = CcOS(Y)
XORW2  #*X8000, RO : RO = =COS(Y)
RSB
; Polynomial evaluation for =SIN(Y)
N_SIN C:
T T XORW #*X8000, R3 : R3/R4 = -
: Polynomial evaluation for SIN(Y)
P_SIN_C:
' :3!? :g. ;gSP) ; Save argument
BICW2  #*X1FFF, R& 3 Zero the rounding bit (bit 12) and
- gl lower order bits of word 4.
CVIGF R3, R3 : RS = Truncated Y
PUSHL R3 ; Save Y truncated
MULF?2 g. : R3 = y»y
; ggtgf ?sﬁ)lSlNLENC =1, SINTBC 5 38 . 35;?¥3y)
: SUBL3  #*x100, (sP), R3 :
: 08D (spre’ RS { RI/RG = S/4uy
.' : - ]
: SUBD R§. R : RO/R1 = SINC(Y)
: CVIDF RO, RO : RO = SINCY)
MULF (SP)+, RO : RO = truncated Y * P(Y*2)
SUBLS  #*X0020, (SP), R3 : Form the suantity
MOVL  &4(SP), R& : R3/R& = Y74
SUBG2 (SP)+. R3 : R3/R4 = SIL-V
CVTF a§, “8
SUBG RS, R : RO/R1 = SINC(Y)
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Sine, Cosine and Sincos 16-SEP-1984 ?i:g8:1g ¥Ax/vns Macro V04-00 Page 41
S -SEP=-1984 :129:1 MTHRTL.SRCJUVXSINCOS.MAR;1 (25)

.SBTTL DEGREE_POL YNOMIALS

ggg&glncos
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#*x1000, R¢

SUBL3  #*X0000, (SP)+, R3
MOVL  (SP)+, R4
CMPL  #*x0200, R4

-
(=)
=
0
—

P_COS_D:
54  2EEV42ES gF 51 = CMPF lkf-90_0v_Pl. R4 3 Congaro 90/pi with Y
1 18 BGEQ 2 : Double precision isn't needed

; CVIFD  Ré, R : a§/n4 Y
5 MULD Rg, R : R3/RG = YrY
: PUSHL ;s Save high half YrY

53 56 99FD CVTF R4, R : R3/RG = ¥

; g; 44FD MULG R3, R : RS/R4 = Y*2

E 70 Mova R3, =(SP) ; Save R3I/Ré4 = Y*2

S& 1FFF BF AA BICW2  #*X1FFF, Ré& ; lero the rounding bit (bit 12) and
: Ll lower order bits of word 4.
53 53 33fD CVIGF R3, R3 : RS = Y*2 truncated.
F778 CF 06 53 55 POLYF R3, #COSDLNZ2, COSDTB2 ; RO = r(Y*Y) = NOTE: POLYF lLeaves R1=0

S0 50 99FD CVTF RO, RO : Need RO in G flgating format.

- SUBL #°%X680, (SP)+, R3 : R3/R4 = Yay/2*1

Check for Loss of significance when
53 B8t 000000D0 BF
5¢ 8 R3/R4 = Y+2/2*13 )
54 00000200 8F Check for Loss of significance when
Subtracting 1 and adjust.
D_float used “X1000. This converts to
*x0200 in G_floating.

[elelelelalcleleleleclecleleelelelelelelelelealelelelelelalclelelelelelelalelelelelelelelelelelelelelelelele e le e Te TN, )
O O OO O O O OO O OO OO O OO OO0 OVOOOOOOOOVOOOVOOOOOOOO OO |

ONON VWWAWAIVAWVAWA S 85 85 85 WL N W U N AN N N N AR N AN AR IR PO PNOINI NN =2 =2 e e 2 OO0 000000 MM M MM D

O NWOY OO OO OO O NNNNNOD VWM =D D NN D NININSNI~NWwWhmmmmm O D

OO0 O YV VYOV OCOV0000000000 00000000 N NNNNNNNNNOONOON OO O OO O WALV LS 8~ 0
NN =2 O O 00 NON VN SS AIN) =2 O O 00 N O WV 8 LN = O 0 00 NOM WA 85 LN = © O 00 N O WV 8N LN = OO CONOM NV S L) = O 000~

1§ 1A BGTRU 1% ;
7 S3 7 MOVQ  R3, =(SP) P (SP) = Y42/2*13
- BICL  #*XFFFF0000, R4 : R3/R4 = high bits of Y*2/2*13
. SUBD  R3, (SP) : (SP) = Low bits of Y42/2*13
: ADDD  (SP)+, RO : ag/n1 = r(Y*2) + low bits of Y*2/2*13
i 18: SuBD  #1, RS P R3/R4 = =(1 = Y*Y/2%13)
; SUBD R3. RO : RO/R1 = COS(Y)
; CVIDF RO, RO : RO = cos(Y)

S¢ 1FFFO000 8F CA BICL2  #*X1FFF0000, R4 ; R3/R4 = high 40 bits of v-%/2*13
6E 53 42FD SUBG 3, (SP) : (SP) = Low 13 bits of Y*2/2*13
sg 8E 4OFD ADDG2 (SP)+, RO ; ag/n1 = r(Y*2) + low 13 bits of Y~2/2*13
i3 og 42FD 1%: SUBG? #1, RS P R3/RG = =(1 = Y¥42/2*13)

50 53 42FD F SUBGZ R3. RO : RO/R1 = COS(Y)
50 50 33FD ; CVIGF RO, R : RO = cos(Y)
05 ; 7 RSB
56 S4 44 09 8 28 MULF2 R4, R4 : R& = Yoy
F72B CF 03 54 S5 0958 POLYF R4, #COSDLN1, COSDTB1 : RO = COS(Y)
05 3 1 RSB
96
96 N_CO0S_D: i
54 2EEV42ES gf 51 096 CMPF #LF_90_OV_PI, R4 : Compare 90/pi with Y
1 18 096 BGEQ 2% : Double precision isn't needed
3] ; CVTFD R4, R : Rglﬂk =y
968 : MULD R3, R * R3/RG = Yry
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X$SINCOS : Floating Point Sine, Cosine and Sincos 16=SEP=-1984 :06:1 AX/VMS Macro V04-00 P 42 |
32002 6EGREE_POEVNOHIALS 6=-SEP=-1984 ?¥:38:12 !HTHRTL.SRE]SV!SINCOS.HA&:1 boe (Zg)
968 1804 ; PUSHL R3 ; Save high half of YrY
968 1805
g BE 08 g wen At 2 L
“ = )
E g 70 0973 1808 MOva 3 : =-(SP) E Save R3/R4 = Y*?2
54 1FFF BF AA 0976 1809 BICW2  #*X1FFF, R4 ; lero the rounding bit (bit 12) and
978 1810 3 gll lower order bits of word 4.
53 S3 33fD 8;9 } }1 CVIGF R3, R3 3 = Y*2 truncated.
F717 CF g& 23 5S 97F 1 1§ POLYF R3, #COSDLN2, COSDTB2 : RO = r(Yry)
0 0 99FD 0985 1814 CVTF RO, R : Ngcd RO in G_floating format.
33 } }; : Eggt 525?8 ) ‘EZ"' - : ?hmi f v-{/2~1§f ignifi B
3 " ; Check for Loss of significance when
989 181
Bow oo g g B R S O ORLE gs
: = a [
5¢ 00000200 8F D1 0994 1820 cMPL  #*x0200, R4 ; Check for Loss of significance when
0998 1821 ; subtracting 1 and adjust.
8383 } g : D.;bgas ?seg ;f102?. This converts to
3 n G_floating.
998 1824
12 1A §ggg }g g BGTRU 1% .
76 S3 70 0990 1827 MOV@  R3, =(SP) E(§p> = ¥42/2*13
O0A0 1859 . SUBb A3 (epyoo0e R E 3P e LowTbivs ot yed/5ags"
M ’ M = W
09A0 1830 ; ADDD (SP)+, RO : RO/R1 = r(Y*2) + low bits of Y*2/2*13
09A0 1331 ;12 sueD M, RS : R3/R& = =(1 = Y*Y/2413)
09A0 1 3; 3 SUBD RO, R3 : R3/R4 = =COS(Y)
8328 }83‘ : CVTDF R3, RO : RO = =COS(Y)
ol of TC R R R Y R e
0 3 = low s of Y* .
50 8E 4OFD 09AB 1 g? ADDG (SP)+, RO : Rglﬂl = r(Y*2) + low 13 bits of Y*2/2*13
53 (08 42FD O09AF 1838 18 suBGe #1, RS P R3/RG = =(1 = ¥42/2413)
S3 S0 42FD 0983 1839 SUBG RO, R3 ; R3/R4& = =COS(Y)
50 53 33fFD 838; }gz? CVIGF R3, RO : RO = =COS(Y)
05 0988 1§4§ RS8
098C 184
54 S6¢ &4 09BC 1844 28 MULF2 R4, R4 : RG = YrY
F6C7 CF 03 54 5S O09BF 1845 POLYF R4, #COSDLN1, cospTB1 : RO = COS(Y)
SO 8000 8F AC 09CS 1 4? XORW #~%X8000, RO : RO = =COS(Y)
G ga g e
9CB 184
9(8 1 go N_SIN_D:
54 54 52 09(8 1851 MNEGF R&, R4 : R4 = =Y
50 54 54 45 gEE } gi P-SIN-D:HULFS R4, R4, RO : RO = Y»y
11 13 9o§ 1854 BEQL nsfunu' '
F6D6 CF 03 50 55 9D 1855 POLYF RO, #SINDLN, SINDTB ; RO = P(YrY)
S0 54 44 90A 1 5? MULF R4, RO : RO = YeP(YrY)
54 gSOO gF A 9D 185 SUBW 0‘1308. R& : R4 = Yn2*=§
0 4 4 9E 1 gs ADDF R4, R : RO = SINC(Y)
0 9E 1 RETURN: RSB
96 1860
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VX$SINCOS Floating Point Sine, Cosine ond Sincos 1 P=1984 1 AX/VMS Macro V04-00 Page 43
g-OO? 6EGREE_POEVNOH1ALS 2- P=1 93 ?; 93 i !HTHRTL S VXSINCOS.HAR;1 0 (27)
9E6 1
9E6 1 g
3E } g .SBTTL DEGENERATE_SOLUTIONS
9E6 1 9 P_ONE:
50 08 82 9E6 186 MOVF #1, RO ; Answer is 1
9E9 1 68 RSB
9EA 1 9
9EA 1870
9EA 1871 N_ONE
50 0000C080 8F 52 9EA 1 7§ MOVF #-1, RO : Answer is =1
0 9F1 187 RSB
9F2 1874
9F2 1875
09F2 1 79 UNFL:
09F2 187 :
§8; } ;g : Underflow; if user has FU set, signal error. Always return 0.0
52 DC O09F2 1880 MOVPSL S : Rs = yser's or jacket routine's PSL
00000000°'GF 00 FfB O9F& 1881 CALLS 0 G*MTHSSJACKET_TST TRUE 1f JS fron jackot routine
04 50 59 09FB 1 i BLBC 108 s bronch if user did J
52 04 AD C 09?5 1 MOVZWL SF‘U SAVE_PSW(FP), R2 ; get user PSL saved b‘
S0 D& O0AD2 1884 10s: CLRL RO s RO = result, LIBSSIGNAL uill save in
8:82 }sgs : CN;?L MCH_ RO/R1 so any handler can
H xup
0D 52 06 E1 0AO04 138? BBC #6, R2, 208 : has user enabled floatin? undorflou’
6E DD OAO8 1888 PUSHL  (SP) ; yes, return PC from special rout ne
7E  O00°'BF 9A O0AOA 1389 MOVZBL #MTHSK_FLOUNDMAT, =(SP) ; trap code for hardware floatin
OAOE 7890 :  underflow convert tc HTH& _FLOUNDMAT
QAQE 1891 3 (32-bit VAX=11 oxcogt on code)
00000000°'GF 02 FfB O0AO 189; CALLS #2, G*MTHSSSIGNAL ; signal (condition, PC
05 0OA 1893 20%: RSB ; return
0A16 1894
0A16 1895 .END

=g 8o POYDVNIV
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(S
UVXSSINCOS ; Floating Point Sine, Cosine and Sincos 16-SEP-19gL ?%:gs:}i xAx/vns Macro xg?;go ag

Page 45
Symbol table 6=SEP=1984 MTHRTL.SRCIUV 0S.MAR; 1 (27 |

SINLENR =

SINTBC 8 CR
SINTBR 00044 R
SMALL_COS 89 [
SMALL _COSD 43A R 0 |
SMALL_SIN %80 R 8
SMALL _SINCOS 80 & R
SMALL _SINCOSD 0 80 g9 14 0
SMALL_SIND 00003E2 R 0
UNF 08002? R 0
W_4 = 00004334
W_ADJUST = 0000819
W_MAX WEIGHT = 00004000
W_TERM_WE IGHT = 08001000
X = 00000004
X_1_0v_4&5 = 00000086
teccccccccccccacs -
i Psect synopsis !

PSECT name Allocation PSECT No. Attributes
. ABS . 00000000 ( 0.) 00 ¢ 0.) NOPIC USR CON ABS LCL NOSHR NOEXE NORD NOWRT NOVEC BYTE
$ABSS 00000000 ( 0.) 01 C 1.) NOPIC USR CON ABS LCL NOSHR EXE RD WRT NOVEC BYTE
_MTHSCODE 00000A16 ( 2582.) 02 ( 2.) PIC USR CON REL LCL SHR EXE RD NOWRT NOVEC LONG

B e B e R Ry 4

! Performance indicators !

e e L D LT +
Phase Page faults CPU Time Elapsed Time
Initialization 36 00:00:00.10 00:00:00.47
Command processing 126 00:00:00.69 00:00:04.65
Pass 1 21 00:00:05.61 00:00:14.?8
Symbol table sort 0 00:80:0g.2£ 00:00:00.36
Pass 2 327 00:00:03.96 00:00:12.0;
Symbol table output 17 00:00:00.15 00:00:00.9
Psect synopsis output 2 00:00:00.02 00:00:00.02
Cross-reference output 0 00:00:00.00 OO:OO:gg.OO
Assembler run totals 721 00:00:10.80 00:00:33.19

The working s;; Llimit was 1500 pages. : .
37124 bytes (73 pages) of virtual memory were used to buffer the intermediate code.
There were 20 pages of symbol table space allocated to hold 196 non-local and 49 local symbols.
1955 source Lines were read in Pass 1, produc1na 34 object records in Pass 2.
m

10 pages of virtual memory were used to define acros.

Macro Library name Macros defined

_$2558DUA28:[SYSLIBISTARLET.MLB;?2 5
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VAX-TH Racro Run Statistics ¢ | oo 9 Point Sine. Cosine and Sincos 183718 97198118 VATANTE. SRESEINDs . man:1 P29¢ 85

131 GETS were required to define S macros.

There were no errors, warnings or information messages.
MACRO/ENABLE=SUPPRESSION/DISABLE=(GLOBAL , TRACEBACK) /LIS=LIS$:UVXSINCOS/0BJ=0BJ$:UVXSINCOS MSRCS:MTHJACKET/UPDATE=(ENHS :MTHJACKET) +MS

-
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