———
———
———
—
— =

———
e — — ——4

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

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

F 13

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

RRR  RRR

RRR  RRR

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

— -
e
—
—_—
[
ot

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

LLLLLLLLLLLLLLL
LLLLLLLLLLLLLLL
LLLLLLLLLLLLLLL




K 6
eef [LE** 1D+ *MTHHS INCO K

MM MM TTTTTTITTTIT MM HH HH HH $SSSSESS 111111 NN NN cccccccc 000000

MM MM TTTTTTITTTIT HH HH HH HH $SSS8S° 58 111111 NN NN cccccccc 000000

MMMM  MMMM 17 HH HH HH HH SS§ | NN NN CC 00 00

MMMM  MMMM 17 HH HH HH HH SS | NN NN CC 00 00

MM MM MM 17 HH HH HH HH S§S [ 1 NNNN NN CC 00 00

MM MM MM 17 HH HH HH HH SS [] NNNN NN CC 00 00

MM MM 17 HHHHHHHHHH  HHHHHHHHHH SSSSSS )| NN NN NN CC 00 00

MM MM 17 HHHHHHHHHH  HHHHHHHHHH $SSSSS | NN NN NN CC 00 00

MM MM 17 HH HH HH HH $$ I NN NNNN  CC 00 00

MM MM 17 HH HH HH HH $S 11 NN NNNN  CC 00 00

MM MM 17 HH HH HH HH $S 11 NN NN CC 00 00 cose
MM MM 17 HH HH HH HH S$ I NN NN CC 00 00 cesse
MM MM 17 HH HH HH HH SSSSSSSS 111111 NN NN cccccccc 000000 coce
MM MM T HH HH HH HH SSSSSSSS 111111 NN NN cccccccc 000000 cece
LL 111111 SSSSSSSS

LL 111111 SSS5S8SS8S

LL 11 SS

LL 11 SS

LL 11 SS

LL 11 SS

LL 11 $SSSSS

LL 11 $SSSSS

LL 11 $S

LL 11 SS

LL 11 SS

LL 11 SS

LLLLLLLLLL 111111 SSSSSSSS

LLLLLLLLLL 111111 $SS55S8SS




MTHSHSINCOS

Table of contents
(2) 87
&N
A
(8) (¥
(8) 465
(9) 48
(11) 56
(12) 8
(14) 86
A 1
ay %
(19) 1038
(20) 12 4
21) 1572
(23) 1991
(25) 1 9?
(26) 190
(28) 1995

L 6
; Floating Point Sine, Cosine and Sincos 16=-SEP-1984 01:39:11

REDUCE “LAR
REDUCE ~DEG
RADIAN"POLYNOMIALS
CYCLE_POLYNOMIALS

DEGREE_POL YNOMIALS

DEGENERATE _SOLUTIONS

RY -obetoiled Current Edit History

Declarative Part of Module
- Series Coefficients
Radian arguments

Degrees

; Polynomials for arguments in radians
: Polynomials for arguments in cycles

VAX/VMS Macro V04=00

———



—————

M 6
MTHSHSINCOS ; Floating Point Sine, Cosine and Sincos 16=-SEP=1984 01:39:11 VAX/VMS Macro V04=-00 Pa 1 M7
2=-007 9 6-85?-1934 ?1:35:20 MTHRTL.SRCIMTHHSINCO.MAR; 1 o (1) -

LTITLE MTHSHSINCOS : FlogtingiPoint Sine, Cosine and Sincos
: unctions
.IDENT /2=007/ ;s File: MTHHSINCOS.MAR EDIT: JCW2007

LA AR AR AR R AR di i d ittt i It i i T2 2222

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

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 HEREBY

«
"
w
i
«
«
*
«
t
®
TRANSFERRED. "
*
B
«
B
B
»
B
«
e
f

OO0
OO0 000O
(=lolele]

[=lelelelelelelelelelelelelela

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

DIGITAL ASSUMES NO RESPONS
SOFTWARE ON EQUIPMENT WHIC

ITY FOR THE USE OR RELIABILITY OF ITS

BIL
IS NOT SUPPLIED BY DIGITAL.

1
H

e %0 0000 909090909090 909090909090 %0 %0 %0
LA A I I I I O R R IR IR I O I O N N R

LA AR Ad 2R d R R ad Rl d R it i i i ittt iisiiiiiis i iisiissssy]

iAClLlTY: MATH LIBRARY
ABSTRACT:

MTHSHSIN and MTHSHCOS are functions which return the floating point
sine or cosine value of their single precision floating point argu-
ment (radians). The call is standard call-by-reference.
MTHSHSIN_R5 and MTHSHCOS_RS5 are special routines which are the same
as MTHSHSIN and MTHSHCOS™ except a faster non-standard JSB call is
used with the argument in R0 and no registers are saved.

MTHSHSINCOS is a routine which returns the floating point sine and
cosine value of its single precision floating point radian argument.
The call is standard call-by-reference, MTHSHSINCOS_RS is a special
routine which is the same as MTHSHSINCOS, except a faster non-
standardeSB call is used with the argument in RO and no registers
are saved.

MTHSHSIND and MTHSHCOSD are functions which return the floatin? point
sine or cosine value of their single Yrecision floating point argu-
ment (degrees). The call is standard call-by-reference.

MTHSHSIND_R5 and MTHSHCOSD_RS5 are special routines which are the same
as MTHSHSIND and MTHSHCOSD™ except a faster non-standard JSB call is
used with the argument in RO and no registers are saved.

MTHSHSINCOSD is a routine which returns the floatina point sine and
cosine value of its single precision floating point ogroe argument,
The call is standard call-by-reference. MTHSASINCOSD_RS is a special
routine which is the same as MTHSHSINCOSD, except a faster non-
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standard JSB call is used with the argument in RO and no registers
are saved.

VERSION: 1
HISTORY:
AUTHOR:
John A. Wheeler, 21-Aug-1979: Version 1

MODIFIED BY:

VERSION: 2
HISTORY:
AUTHOR:
Bob Hanek, 28-Aug-1981: Version 2

MODIFIED BY:
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§$ .SBTTL HISTORY ; Detailed Current Edit History
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; Flo
HISTO

Edit History for Version 1 of MTHSHSINCOS

1 801 = Adapted from MTHSGSINCOS version 1=001. JAW 21-Aug=1979
= Improve argument reduction scheme for greater agcuracy. Also
change MOVH to MOVO in MTHSHCOS. JAW Z8-Jan-19

Edit History for Version 2 of MTHSHSINCOS

Changed W* modifiers to G* on external references RNH 09-Sep-81
Changed MTHSAL_&4_OV_PI to MTHSAL_4_OV_PI_V RNH 29-Sep-81
Included check for R2=0 before decrementing exponent. RNH 02-0Oct-81
éaﬁlggcg g a?odifiers on references to MTHSAL_4_OV_PI_V.
-c-
Modified Logic for converting reduced argument from integer to
floating point format to avoid modifying exponent of a floating
oint zero. RNH 21-0ct-81
Rgai{zeg ReggCE LARGE logic to eliminate bug reported in QAR 896.
-.n-
In after returnin? from a JSB call to CVT_TO_H, the code in CONVERT:
did a SUBW #*X1D,T6(RS), to chan? hi*2%29"to h_hi. However, this
only valid if the contents of 16(RS) is not zero. The code has been
patched to skip the above instruction if h_hi is zero. JCW 22-SEP-83
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: INCLUDE FILES:
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.SBTTL DECLARATIONS - Declarative Part of Module

MTHJACKET.MAR

EXTERNAL SYMBOLS:

.DSABL GBL

.EXTRN MTHSAL_&4 OV_PI_V
LEXTRN MTHSSSTGRAL
LEXTRN MTHSK _FLOUNDMAT
.EXTRN MTHSSJACKET_TST

EQUATED SYMBOLS:

; .7853981633974483096156608
; +7068583470577034786540947

X_1_0v_45 = *XC16C
: MACROS:

$SFDEF ; Define SF$ (stack frame) symbols

$PSLDEF ; Define PSL$S symbols
s PSECT DECLARATIONS:

PSECT _MTHSCODE PIC,SHR,LONG,EXE ,NOWRT

; program section for math routines
: OWN STORAGE: none
: CONSTANTS:
H_PI_OV_4
Ryfpate” ET AX01B8C517898(846942D1B544921F4000
» S-Pl-ov £° “XE1EFSDB9BABEB4F6CB2BABECC4634003
CTA  *X414A93D12729234F321DC7F 320974002

H.5S PI OV &

H_M1:

.OCTA
H_45:

.OCTA
H_M&5:

.OCTA
H_SMALLD:

OCTA

“XC226F65CEBEFE5B35385A295F6A74002
“X21812C74585B53DCBA77BE9B5FDB4003
“XEAGAAFA3SFB4E2A539C8806DC45F 34000

*x0000000000000000000000000000€001
*X00000000000000000000000068004006
*x0000000000000000000000006800C006
“XB1ASAGFE152E7BB63C1FC1A6CASD3FCD

; .2356194490192344928846982
: .3926990816987241548078304
: .5497787143782138167309625
: .6366197723675813430755350

: =1

; .4500000000000000000000000
:=.4500000000000000000000000
; . 3975693351829395821628182
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; .2222222222222222222222222
; .1828292519943295769236907
: .2864788975654116043839907
; .4815858009699789136432307
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MTHSHSINCOS : Floa
2-007 ﬁm&u N

1 7
a Point Sine, Cosine and Sincos 1 -SEP-1984 ?1:39:}1 AX/VMS Macr
S = Radian arguments ~SEP=-1984 11:25:20 [(MTHRTL.SRCIMTHHSINCO.MAR;1

LSBTTL MTHSHSINCOS - Radian arguments

e

FUNCTIONAL DESCRIPTION:

The HSIN, HCOS and HSINCOS routines are based on octant reduction. Given an
argument, x, it is written in the form

x = [12(2epi) + [«(pi/4) + Y1,

where [1 and | ?rn intsgers 0 =<] <8 and 0 =< Y1 < pi/4. Since HSIN and
HCOS have a period of 2+pi it follows that

HSIN(x) = HSIN(I*(pi/4) + Y1)) and
HCOS(x) = HCOS(I*(pi/4) + Y1)).

Usin? the trigonometric identities for the sum and difference of two angles,
0

O O O O O V00 000 0O 0D OO CO000D N~~~

W8S N = O O 00 NON NV 8N = O 000 o~

IR PR PR TR P P P P P P S P PR PR P PR TR PR PR PR PR PR PR PR TR PR DR TR PR TR T TR 1Y

[elelelelelelclelelelelelelelelelelelalalelalelelalalalelalalalalelale =N

VOOV OO OVOV VOOV VOOV VOOV OV OVOVOVOVOVOVOVOVOCOVOVOVOOVOVOV
VI A AAA T A A A A ARV AIWVAVAVIVIWAUWA

[elelelelelelelelelelelelelelelelelelelealelalelelelelelalalelelelalelele s

the following table can be generated:

g? If 1= then HSIN(x) = and HCOS(x) =

98 0 HSIN(Y1) HCOS(Y1)

99 1 HCOS(pi/é&=Y1) HSIN(pi/&=Y1)

400 g HCOS(Y1) =HSIN(Y1)

401 HSIN(ei/‘-Yl) -HCOS(pi/&=Y1)

40 [ -HSIN(Y1) -HCOS (Y1)

40 5 -HCOS(ciIA-Y1) ~HSIN(pi/&=Y1)

404 6 -HCOS (Y1) HSIN(Y1)

285 7 -HSIN(piZé&=Y1) HCOS(pi/&=Y1)
40 Let Y be defined as Y = Y1 if | is even and Y = pi/4& - Y1, if | is odd, then
408 ; each entry of the above table is of the for +/=-HSIN(Y) or +/-HCOS(Y). Based
409 ; on the above remarks, the HSIN, HCOS and HSINCOS routines process the input
410 ; argument x, to obtain I and Y, and based on | selects a suitable polynomial
an approxinat‘on. p(Y), to evaluate the desired fuction.

o V04-00 Page 10
(6
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MTHSHSINCOS ; Floating Point Sine, Cosine and Sincos 16-SEP-1984 01:39: AX/VMS Macro V04-00 Pa 1
2-007 MTHSHS NCBS = Radian arguments 6-SEP-13$4 ?1:32:}8 !HIHRTL.SRC]HTHHSINCO.HAR:1 > (8)
: INPUT PARAMETERS:
: LONG = &
X = 1+*LONG ; x is input angle in radians
sine = i'LDNG : sine is HSIN(x)
cosine = 3*LONG ; cosine is HCOS(x)

: Return sine and cosine of argument

00F C LENTRY MTHSHSINCOS, *M<R2, R3, R4, RS, R6,R7>
MTHSFLAG_JACKET

MOVAB  G*MTHSSJACKET_HND, (FP)

=2 OOV NI LWIN = O V0O ~NC NN

T T Y T T N NN Y YNNI

B 885 8 B NN NN NN NN WNILNNONININNUNONINONIN) — — = — 3 3 3

60 00000000°'GF  9E

|

; set handler address to jacket
: handler

4
50 04 BC 70FD [ g MOVH ax(AP), RO
ooooooro'gr 16 434 JSB MTHSHSINCOS R7
08 BC 0 7DFD 435 MOVO RO, @sine(AP)
0C BC 54 7DFD 8 436 MOVO R4, acosine(AP)
06 096E 437 RET
096F 438
096F 439 ;
096F 440 : INPUT PARAMETERS:
896F &4 ;
00000004 32: 2 g LONG = &
00000008 096F 444 arg = 2+*LONG ; x is input angle in radians
00000004 OQ96F 445 answer = 1+LONG
096F &4
96F L4 LSBTTL MTHSHSIN
96F 448
96F 449 ;
96F 450 ; Return sine of argument
96F kgl :
96F & i
96F 45
003C g g 2;2 LENTRY MTHSHSIN, “M<R2, R3, R4, R5>
3;} 456 MTHSFLAG_JACKET
6D 00000000 GF Gi 971 MOVAB G*MTHSSJACKET_HND, (FP)
97 : set handler address to jacket
97 : handler
97
97 &g?
S0 gB BC 70FD 097 4 3 MOVH aarg(AP), RO
00000B3A'EF 16 097D 45 JSB MTHSHSIN RS
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MTHSHSINCOS
2-007

7
: Floating Point Sine, Cosine m Sincos 16-SEP-19 4 01:39:11 VYAX/VMS Macro V04=00 1 M7
insm ’ 6-S 59-1934 ?1 35 0 C[MTHRTL. s J MTHHS INCO.MAR; 1 S (i) 2=
9

04 BC SO 7DFD 460 MOVO RO, danswer (AP)
04 09 &2 RET
9 4
989 &
989 464
9 8 465 LSBTTL MTHSHCOS
9 46?
989 467 ;
989 &63 : Return cosine of argument
989 6? :
989 470
989 471
003C g 9 2;5 LENTRY MTHSHCOS, “M<R2, R3, R4, R5>
g 474 MTHSFLAG_JACKET
60 00000000°'GF 9t 09 MOVAB  G*“MTHSSJACKET_HND, (FP)

99 ; set handler address to jacket
099 : handler
099
099 475

SO 08 BC 70FD 099 47 MOVH aarg(AP), RO

0O0000BD3'EF 16 099 &7 JSB MTHSHCOS RS
04 BC O 70FD 099D 478 MOVO RO, @answer (AP)
04 09A 479 RET

09A 480
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EISB;SINCOS ﬁrﬁiﬂ ; 8 Point Sine, Cosine and S1ncos 2-55?-18‘6 ?1 52 50 AX/VMS Macro V04-00 Page }

3
SD = Degrees -SEP=1 MTHRTL J THHSINCO.MAR; 1 9)

LSBTTL MTHSHSINCOSD - Degrees

FUNCTIONAL DESCRIPTION:

The HSIND, HCOSD and HSINCOSD routines are based on octant reduction. Given
an argunont. x, it is written in the form

x = [12360 + [#45 + Y1,

where 11 and | are inte ers 0 =< ] <8 and 0 =< Y1 < 45. Since HSIND and
HCOSD have a period of 360 it follows that

4
188
484
2 ? 3
i
489 :
490 ;
491 ;
69§ :
493 ;
494 ;
495 ;
09A 499 : HSIND(x) = HSIND(I*45 + Y1) and
83: 233 : HCOSD(x) = HCOSD(I*45 + Y1),
9A 499 ; Usin? the trigonometric identities for the sum and difference of two angles,
Og: 28? : the following iable can be generated:
09A 505 3 If 1 = then HSIND(x) = and HCOSD(x) =
09A 03 : 3 ecceee 2020 ceccscecssses 2209090909090 escscssecsecss
09A 506 ; 0 HSIND(Y1) HCOSD(Y1)
09A 505 ; 1 HCOSD(45-Y1) HSIND (45-Y1)
09A 506 ; g HCOSD(YT1) -HSIND(Y1)
09A3 gO? H HSIND(45-Y1) -HCOSD(45-Y1)
09A 08 ; 4 =HSIND(Y1) =-HCOSD(Y1)
09A 509 ; 5 =HCOSD (45-Y1) -HSIND(45-Y1)
09A 510 ; 6 -HCOSD(Y1) HSIND(Y1)
83: 311 H 7 =HSIND(45-Y1) HCOS (45-Y1)
09A S1§ ; Let Y be defined as Y = Y1 if | is even and Y = 45 - Y1, if | is odd, then
09A 514 ; each entry of the above table is of the for +I-HSIN(Y) or +/=HCOS(Y). Based
09A3 515 ; on the above renarks. the HSIND, HCOSD and HSINCOSD routines process the input
09A 516 ; argument x, to obtain | and Y, and based on | selects a suitable polynomial
83: g}g : approximation, p(Y), to evaluate the desired fuction.
09A 19




MTHSHSINCOS Floating Point Sine, Cosine and 51ncos 16=-SEP-19 9:11 VAX/VMS Macro V04-00 Page 14 L
2-007 ATHSHS ] ucﬂso - Degrees 2—559-193 ? 35 30 MTHRTL.SR REIMT MTHHSINCO.MAR; 1 v (10) 2~
88888888 gA 1 sind = i'LONG
9: i cosd = S+*LONG
00FC 3: g LENTRY MTHSHSINCOSD “M<R2, R3, R4, RS, R6, R?>
g: 6 MTHSFLAG_JACKET
6D 00000000° GF 9t 9AS MOVAB G*MTHSSJACKET_HND, (FP)
9AC ; set handler address to jacket
9AC : handler
9AC
9AC 7
50 94 BC 70FD 9AC 8 MOVH X (AP)
00000¢ o'gr 16 0981 9 JSB nrnsustncoso R7
08 BC 0 7DFD 987 0 MOVO RO, @sind(APY
0C BC 54 7DFD 3%% 1 MOVO R4, 9cosd(AP)
o BB
9C 4
09C 5
09C 9
003C 09C 53 LENTRY MTHSHSIND “M<R2, R3, R4, RS>
09Cé4 338
83%2 39 MTHSFLAG_JACKET
60 00000000°'GF 9 09C4 MOVAB  G*MTHSSJACKET_HND, (FP)
09C8 ; set handler address to jacket
09C8 : handler
09C8
9CB 540
SO 08 BC 70FD 9CB8 541 MOVH aarg(AP), RO
00000CEB'EF 16 0900 g&g JSB MTH HSIND RS
04 BC S0 7DFD 906 4 MOVO RO, @answer(AP)
908 L4
04 908 45 RET
09DC 46
090C 547
9DC 248
003C 9DC 49 .ENTRY MTHSHCOSD “M<R2, R3, R4, R5>
09DE 550
Oggg 551 MTHSFLAG_JACKET
6D 00000000° GF 9E 9D MOVAB G*MTHSSJACKET_HND, (FP)
9E ; set handler address to jacket
gES : handler
953 SS;
2 BC 70FD 09%ES S MOVH aar (AP) 2
oooooo ;r 16 09EA 554 JSB MTH ucosé R
0 7DFD 3;% gS MOVO RO, @answer(AP)
04 09F Sg RET
09F6 58




N 7
MTHSHSINCOS ; Floating Point Sine, Cosine and Sincos 16-SEP-1984 01:39:11 VAX/VMS Macro V04=00 Page 15 L)
2-007 ﬁtHSHSlNCﬂS_R? g-SEP-19gk ?1:%5:}0 MTHRTL .SRCIJMTHHSINCO.MAR; 1 . (11) 2=
8; g? «SBTTL MTHSHSINCOS_R7
9F 6§ : This routine computes the HSIN and HCOS of the G-format value of RO/R1. The
9F 65 ; computation is performed one of three ways depending on the size of the
3:2 gg ; input argument, X:
9F6 566 : 1) If IX! < pi/4, then X is used directly in polynomial approximation
gorg 6? : of HSIN and HEOS. i .
9F 68 ; 2) If pi/4d =< ixi < 9*pi/4, then the subroutine REDUCE_MEDIUM is called
9Fé 99 3 to reduce the argument to an equivalent argument in radians, Y, and
9F 6 0. the octant, I, containing the argument. Y is then evaluated in two
9F 6 71 ; ?ol nomials chosen as a function of I, to compute HSIN(X) and HCOS(X).
9F6 75 : 3) If 9*pi/& =< X!, then the subroutine REDUCE_LARGE is called to
09F 6 73 . reduce the argument to an equivalent argument in cycles, Y, and the
09F6 74 ; octant, I, contanining the argument. Y is then evaluated in two
83;2 ;5 : poLynonia[s chosen as a function of I, to compute HSIN(X) and HCOS(X).
09F6 §79 MTHSHSINCOS R7::
10 18 0ore 379 B0EQ  BOS_SINCOS | TR &4
00000A06 " EF 16 09FB 580 JSB SINCOS ;s RO/RT1 = HSINCiIXi), R2/R3 = HCOS(X)
MNEGH . R ;s RO/R1 = HSIN(X)
50 50 72FD O0AO01 581 EG RO, RO 0/R1
05 0AO0S 585 RSB
8:82 ggk SINCOS
@ ; = le
50 8000 8F AA :83 ggg - sxucgéc" #*%8000, RO RO/R1 = IX! 00(
SO FSFO CF 71FD OAOB 587 i CMPH H PI_OV_4, RO ; Compare pi/& with X!
42 14 O0A11 588 BGTR SMALC_SINCOS : No argument reduction is necessary
S0 FSF8 8; 71:3 8:}3 ggg gggg ¥,9_PI_OV_4. RO ; Compare 9+*pi/é4 with iX!
00DE 3 8:}% gg% BRW LARGE _SINCOS : Use special logic for iX! > 9+pi/4
OA1E 93 ;
: P =< iXi < 9
8:}2 82 i/4 X 9*pi/4
SE 30 2 OAIE 596 is: SUBL  #48, SP ; Allocate 12 Llongword on the stack
0A21 597 ;: for the reduced argument
O00000DA3'EF 16 8A 1 598 JSB REDUCE _MEDIUM ; Medium argument reduction routine
A27 599 : Y = reduced argument on the stack,
A27 600 : R2 = octant, R5 points to YHI, and
A27 601 : R4 points to YLO
TE 64 7DFD 0A27 605 MOVO (R4), =(SP) ; Save YLO
{3 gS 7DFD 0AZ2B 68 MOVO (RS), =(SP) : Save YHI
& BB O0AF 604 PUSHR  #*M<R2, R4, RS> : Save_R2, R4, RS
00000BF4'EF _ 16 0A31 605 JSB L : RO/R3 = HCOS (X)
4C AE 50 7DFD O0A37? 6 9 MOVO RO, g(sp) ; Save HCOS(X) on stack
& BA OA3C 6 POPR #*M<R2, R4, RS> ; Restore R2, R4, RS
65 BE 7DFD OA 6 g MOVO  (SP)+, (RSS : Restore YH{
33 E 7DFD 0A4 60 MOVO (SP)+, (R&4) : Restore YLO
09000B68EF _ 16 OALE 610 JSB. M_SIN : no/ng = HSIN(X)
4 AE 7DFD OA4C 611 MOVO 32(SP), R4 : R&/R7 = HCOS(X)
ADDL . : Pop ongwords off the stac
SE 30 CO OAST 61 DD #48, SP Pop 12 | ds off th k
0 :gb g}‘ RSB
AS; 615 : Logic for small arguments. !X! < pi/é.
ASS 616 ;
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t Sine, Cosine and Sincos 16-SE

SMALL _SINCOS:
MOVO

1$: ADDL

2$: MULH3

3s: SUBH

LARGE _SINCOS:
SUBL

MOVL
JSB

6=5

=(SP)
#+%4000

X3FC7, RO
P), (SP), RO
(SP

PAOO
-

[ ]
)., R4
(SP)
#SINL
+, R4
'] Ro

+, RO

A DDV ADDVD~A—2NODD
- VKN

DN ONOOnNd

VOO = O »
~

#16, SP
0.0, R

i
(SP),
RO, (SP)
R4

OoO~00D
=~

. NN
-
W) =~ Y.

O~
~

+VVOM &« » &
N~ o

—
oo ™MD
~ 7~ 0 -,

*
o

o
&

(SP)

AW AANAN=2NI I A~

N=2NNNWNPWVNO0D >NV
VOUVYU0 VA~AAXTOVOOO
N N = U U U N v o N

L X )
w
O
~

O~
~
-
Y
&

#32, SP

SP, RS
REDUCE _LARGE
"6, SP

(RS, =(SP)
16(RS), =(5P)

i8¢ 912

) .
COSLENR1=1, COSTBR1;

ENR=1, SINTBR

LR TR P TR TR

(SP), (SP), R4
=(SP) ;
lC32LENR2-1. COSTBRZ;

#SINLENR=-1, SINTBR

24(SP)

LA TE T P PR P PR PR T P T P T P P TR TR TR

LR TR PR TR TR PR TR JJ

AX/VM

:;1 $ Macro V04-00
:20 [MTHRTL.S H

r P
RCIMTHHSINCO.MAR; 1

(SP) = iXi

Compare 1/2 with iX!

Sufficent overghgng not available
Compare with 2%=57

No gglynonial evaluation is needed
RO/ = XX

Put X*X on stack

RO/R3 = HCOS(X)

R4/R7 = X=X

Save HCOS(X) on stack
RO/R3 = a(x‘Z)

R4/R7 = HCOS(X)

RO/R3 = x'?(x‘Z)
RO/R3 = HSIN(X)

; Clear stac
: RO/R3 = X, R4/R7 = 1.0 = HCOS(X)

: R4/R7 = X*2
Save X*
RO/R3 = Q(X*2)
R&4/R7 = X*2
Save Q(X*2) on stack
RO/R3 = Q(X*2)
R4/R7 = P(X*2)
RO/R3 = X«P(X*2)
RO/R3 = HSIN(X)

Save another copy of X!
16(SP) = XHI
XLO

= X + XHI

XLO*(X + XHI) = A2
k for A2 =0

= A2/2

7= 0(!“2) - A2/2

nan

>

x

bt gt
>

N

~

N

Allocate 16 longwords on the stack
gointed to by RS
(R3) = YLO

(R4) = YHI (in cycles)
R2 = octant bits
Save space for HCOS(X)
Save reduced

argument on stack
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2-007 MTHSHSINCOS _R7 SEP=-1984 11:25:20 [MTHRTL.SRCIMTHHSINCO.MAR;1 (1)
34 ?ﬂ B14 74 PUSHR l“ﬂ(RZ. R4, R5> H av e R2, R4 and RS
08000(51' F 6 0B16 75 JSB Co$ : RO/R1 = HCOS(X)
C AE 0 7DFD 81% 67? MOVO RO 44 (SP) ;s (SP) = HC S(X)
BA 0B 67 POPR l"H<R2. R4, RS> ; Restore R2, R4 and RS
10 Ag E 7DFD g 673 MOVO (SP)+, 16(RS) ; Reduced arguaent on stack
6 8E 7DFD OB 67 MOVO (SP)+ (RS) 3 pointed to by R4 and RS
000008A7'§F 16 680 JSB SIN 3 RO/RS = HSIN(X)
b 70FD 0B 681 MOvO §P)¢ R4 : R&/R7 = HCOS(X)
Sg 83 s 2 i aggL #32 ; Pop 8 longwords off the stack

R
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2-007 ﬁIHSHSlN_aS -SEP-1934 ?1:35: 0 !HTHRTL.SRCJHTHHSINCO.HAR:1 v (12)
g : g S SBTTL MTHSHSIN_RS
B3A 6 9 ; This routine computes the HSIN of the G-format value of RO/R1, The
B3A 688 ; computation is performed one of three ways depending on the size of the
B : 293 ; input argument, X:
B : 281 3 1 l; égiu< pi/&, then X is used directly in a polynomial approximation
3 0 .
0B3A 69§ 3 2) 1f pi/& =< x| < 9*pi/4, then the subroutine REDUCE_MEDIUM is called
0B3A 694 ; to reduce the argument to an equivalent argument in radians, Y, and
0B3A 695 ; the octant, I, containing the argument. Y is then evaluated in a
88 A 699 : ?ol;nonial chosen as a function of I to compute HSIN(X).
B3A 697 ; 3) 1f 9+pi/é& =< X!, then the subroutine REDUCE_LARGE is called to
oagA 698 ; reduce the argument to an equivalent argument in cycles, Y, and the
0B3A ;99 : octant, I, contanining the argument. Y is then evaluated in a
83%: 78? : polynomial chosen as a function of I to compute HSIN(X).
0B3A 70; MTHSHSIN RS::
50 73FD OB3A 70 TSTH RO ; Check the sign of RO
10 18 O0B3D 704 BGEQ POS_SIN :
00000B4A'EF 16 OB3F 705 JSB SIN ; RO/R1 = HSINCIX!)
50 50 72FD O0B4S 706 MNEGH RO, RO : RO/R1 = HSIN(X)
05 0B49 707 RSB
0B4A 708
0B4A 709 SIN:
SO 8000 8F AA OB4A 710 BICW #*%x8000, RO ; RO/R1 = X!
0B4F 711 POS_SIN:
50 F4AC CF 71FD 0B4F 71§ CMPH H PI OV 4, RO ; Compare pi/4 with X!
25 14 0BSS N BGTR SMALC_SIN ; No argument reduction is necessary
S0 F&B4 CF 71FD 0BS7 714 CMPH H_ 9 PT OV_4, RO ; Compare 9*pi/& with X!
3¢ 19 0BSD 715 BLSS LARGE_SIN ; Use special logic for iX! > 9*pi/4
0BSF 716
0BSF 717 ;
0BSF 718 ; pi/Z& =< X} < 9*pi/4
0BSF 719 ;
SE 20 C2 OBSF 720 SUBL #32, SP ;: Allocate 32 longwords on the stack
086% 7%1 : for the reduced
O0O000DA3'EF 16 0B6 7 s JSB REDUCE _MEDIUM ; Medium argument reduction routine
0B68 7 : Y = reduced argument on the stack,
0B68 724 : R2 = octant, R5 points to YHI and
0B68 725 : _ R4 points to YLO .
07 01 52 B8F 0B68 726 M_SIN: CASEB R2, M, #7 : Branch to one of four polynomial
0B6C 727 : evaluations depending on the
6DE* 8gbc 7 g 1$: .WORD P_COS_R-1$
605' 6 7 .WORD P_COS_R-1$
7AQ0' 0B7 730 .WORD N_SIN_R-1%
7A0' 0B72 731 .WORD N_SINR-1%
73C* 0B74& 7 i .WORD N_COS_R-1$
073C* 0B?7 7 .WORD N_COS_R-1%
7AA' 0B7 734 .WORD P_SIN_R-1% :
7AA' OB7A 735 .WORD P_SIN_R-1$ 3 octant bits.
0B7C 736
X I3 ; :
;E ; 8 ; Logic for small arguments. X! < pi/4.
8g7c 740
7C 741 SMALL_SIN:
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2-007 MTHSHS ] n,a 6-SEP-19SA 11: 35 :20 [MTHRTL.SRCIMTHHSINCO.MAR;1 % 12 -
SO 3FC7 8F B1 7C 745 CMPW #*X3FC7, RO 3 Comparo with 2*=57
17 18 0881 74 BGEQ 1% : No go lynomial evaluation is needed
78 8 70FD 0B ; 744 MOVO n8 -(SP} 3 Q
96'0 B8 745 MULH2 i RO : RO/R XeX
F7BE CF D 0 75FD 3 749 POLYH ISINLENR 1, SINTBR ; RO/R3 = q(x*2)
gs 64FD 0B9 ;4 MULH (s# : RO/R3 = Xvq(x*2)
E 60Fg B96 48 ADDH (SP) *. RO : RO/R3 = HSIN(X)
0 B9A 749 1%: RSB
0898 750
B9B 751
B98 75; LARGE_SIN:
0 (2 98 72 SUBL 032 ; Allocate 8 longwords on the stack
E DO OB9 754 MOVL 3 ointed t z
00000E3D'EF 16 0BA1 755 JSB REDUCE _LARGE : (R3) = YLO (R ) = YHI
BA7 759 : R2 = octant bits
54 D§ BA7 757 L_SIN: TSTL R& ; Check for degenerate case
14 1 83:3 ;gg BEQL DEGENERATE _CASE_SIN
07 00 52 8F (0BAB 760 CASEB R2, #0, #7
0BAF 761
085¢C" 88AF 76; 1% .WORD P_SIN_C-1$
0780' 0BB1 76 .WORD P_COS_C~-1$%
078D' OBB3 764 .WORD P-COS"C-1%
085;' S 765 .WORD P_SINZC-1$%
0853" 7 766 WORD N_SINZC-1%
07ED' 0BBY 767 .WORD N_COS_C-1%
07Eg' 0BBB 768 .WORD N_COS_C-1$%
0853 0BBD 769 .WORD N_SIN_C-1$%
OBBF 770
0BBF 771
0BBF 77§ DEGENERATE _CASE_SIN:
0BBF 77
52 01 B8A OBBF 774 BICB (Al ; Compute index as (R2 = 1)/2
S2 S2 FF 8F 9C oac; 775 ROTL  #-1, az R2
03 00 S2 8F OBC 776 CASEB  R2, #0, #3
0B(B 777
0987 0BCB 778 1§%: .WORD P _ONE-1$%
993' 0BCD 779 .WORD URFL =-1%
98C' OBCF 780 .WORD N _ONE-1%
0993' 0BDP1 781 .WORD URFL -1%
0BD3 782

R R— . m— -
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; This routine computes the HCOS of the
omputation is performed one of three
The processing is

.
.
.
’
.
.

.SBTTL MTHSHCOS_RS

nput argument, X.

MTHSHCOS _RS::
TSTH

M_COS:
1$:

: Logic for small arguments.

SMALC cOS’

H 9 PT OV_4, RO

LARGE_TOS

=< IXi < 9*pi/4

SUBL
JSB

CASEB

.WORD
.WORD
.WORD
.WORD
.WORD
.WORD
.WORD
.WORD

SMALL_COS:

1%:

CMPW

#32, SP

REDUCE _MEDIUM

R2, M1, #7
N_SIN_R-1$
N"SIN R-1$
N-COS-R-1$
N-COS-R-1$
P-SINTR-1$
PTSINR-1$
PTCOS-R-1%
PTCOS_R-18$

#°%x4000, RO

Z2|N =g -

RO,RO

R
RO, #COSLENR1-1, COSTBRI1

6-SEP=19

1

F 8
Point Sine, Cosine and Sincos 16=-SEP-1984 01:39:11
84 ? :35:20

LA TR TE TR TR T

X1 < pi/é.

.

.
.
L
.
L]
.
.
.
L]
.
L]
*
L]
.
L
.
L
.
L]
.
.
.
.
L

AX/VMS Macro V04-00
MTHRTL.S

G-format value of RO/R1. The
ways depending on the size of the
the same as described for MTHSHSIN_RG.

Check for reserved operand
RO/R1 = iX!

Compare pi/& with X!

No argument reduction is necessary
Compare 9*pi/4& with X!

Use special logic for iXi > 9*pi/é

Allocate 8 Longwords on the stack
for the reduced argument

Medium argument reduction routine

Y = reduced argument on the stack,
R2 = octant, RS points to YHWI
and R4 points to YLO

Branch to one of four polynomial
evaluations depending on the

octant bits.

e 1/2 with iXi
eat overghang is available

-
ne -

XHI

XLO

pointer to XLO

pointer to XHI

Use special lggig to obtain overhang
Compare with 2%=57

:olgglynonial evaluation is needed

XX
RO/R1 = HCOS(X)

WX~ ~N
[T -~ =D

o

- Page 20
RCIMTHHSINCO.MAR; 1 ’ (%4




——
G 8
Point Sine, Cosine and Sincos 16-SEP-1936 ?}:39:11 AX/VMS Macro V04=00 Page (gl)

MTHSHSINCOS ; Floatin
2-007 ﬁTHSHCOS_aS 6-SEP-1984 5:20 L[MTHRTL.SRCIMTHHSINCO.MAR;1
50 08 70Fg C62 41 2%: MOVH #1.0, RO : RO/R1 = 1.0 = HCOS(X)
0 Cé 4; RSB
f2  8iz
€4 45 LARGE_COS:
SE 0 CS Cé4 69 SUBL #32, SP : Allocate 8 longwords on the stack
S E D Cé 4 MOVL SP, R : ointed to bz RS
00000E3D*EF 16 ¢4 48 JSB REDUCE _LARGE : (R3) = YLO, (R4) = YMI
: = octan 5
54 Dg 8(5 S0 L_COS: TSTL R4 : Check for degenerate case
146 1 EE b3 BEQL DEGENERATE _CASE_COS
0r 00 5S2 8F OC gi CASEB R2, #0, #7
895 * 059 854 18: .WORD P_C0S_(-1%
82" cga gss .WORD PZSINCC-1%
87A ) 0630 856 .WORD N-SINTC-1%
742' C5F gs .WORD  N_COS_C-1%
0743 0C61 Ss WORD N_COS_C-1%
07A9' 0C63 85 .WORD N_SINZC-1%
orai' 0C65 860 .WORD P SINTC=1%
06E3* 0C67 861 .WORD P_COS_C-1%
0ces 863
§Egg ggg DEGENERATE _CASE_COS:
52 01 BA 0C69 866 BICB #1, R2 ; Compute index as (R2 = 1)/2
52 52  FF 8F 9C 0C6C 867 rRoTL  #-1, R2, R2
03 00 52 B&F 85;; ggg CASEB R2, #0, #3
08E9' 0C75 870 18: .WORD  UNFL =-1%
g gn B e e
08DD' 0C78 gr§ .WORD P_ONE-1%
0C70 74

e ————————————— S— - q




MTHSHS INCOS : Floatin
2-007 ﬁrniusxucﬂs
c70
C70
C7D
C7D
C7D
C7D
C70
c7D
¢70
C70
343
¢70
c70
C7D
S0 73FD 0C7D
1 18 0OC
SO 8000 BF AA 8c
00000C92'EF 16 E !
S0 SO 72FD 8cao
05 0C91
0C9
0Cc9
SO  F3D9 gr 71FD 8:9
0 14 0C9
s; 10 €2 O0C9A
5 S DO 0C9D
00001197'EF 16 OCAO
8CA6
7€ S 70FD 0CAé
0 B8 OCAA
oooooora'sr 16 OCAC
0 BA 0CB2
65 &E 7DFD 0CB&
66 SO 7DFD 0CBS
00000D14'EF 16 OCBC
54 as 70FD 0CC2
S 1 €0 0CCé
05 0CC9
0CCA
0CCA
CCA
S€ €2 OCCA
6F 70FD 0CCD
ooooooac'gr 16 0CD1
10 A 0 70FD 0CD7
SO BE 7DFD coa
00000028°'EF 16 OCE
S¢ BE 70FD OCE6
05 OCEA

0

OV 000O0000000O0COCO0O0D NN~N~N 0=

H 8
t Sine, Cosine and Sincos 13-SEP
-SE
.SBTTL MTHSHSINCOSD_RS

The computation
input argument, X:

of HSIND and HCOSD.

=S OW®NO NS NN —=O0VO~NO: WD

aolgnonia
coSD(X).
MTHSHSINCOSD_R7::
TSTH™ RO

9 BGEQ  SINCOSD

9 BICW  #*x8000, RO

gg JSB SINCOSD

9 MNEGH RO, RO

3 RSB

99 SINCOSD:

900 CMPH M 45, RO
901 BGTR  SMALL SINCOSD
90 SUBL 96, 5P

90 MOVL  SP, RS

ggg JSB REDUCE _DEGREES
906 MOVO  (RS), =(SP)
907 PUSHR  #*M<R4, RS>
908 JSB EVAL_COSD
909 POPR  #*M<R4, RS>
910 MOVO  (SP), (RS)
911 MOVO RO, (SP)
91; JSB EVAL_SIND
91 MOVO  (SP)¥, Ré4
914 ADDL  #16, $p
915 RSB
91$
91
913 SMALL_SINCOSD:
91 SUBL  #32, SP

920 MOVO RO, (SP)
921 JSB SMALL COSD
9 g MOVO RO, 18(SP)
9 MOVO  (SP)+, RO
924 JSB SMALL _SIND
925 MOVO  (SP)+T Ré&
926 RSB

-19

P=19

4
4

1:
1:

2520

This routine computes the HSIND and HCOSD of the H-format value of RO/R3.
s performed one of two ways depending on the size of the

LR TR TR T

AR TR TE YA TETE PR TR PR PR PR TR PR TR

LA TR TR PR FR PR T

AX/VMS Macro V04-00
MTHRTL.SRCIMTHHSINCO.MAR; 1

1) If iX: <€ 45, then X is used directly in polynomial approximation

the

is then evaluated in two

P

S

~

P+ ]

-~
nnunnhn
| XX~
TOOnNX
mo.—.--
—nZ
L = PPN
P - - -
- 2

b P
-

Compare 45 to X!

sYecial processing for small arg
Allocate &4 Longwords on stack
RS goints to octaword on stack
(R5) = reduced argument

R4 = octant

Save reduced arg

Save octant bits and pointer
RO/R3 = HCOSD(Y)

R4/RS = octant bits/pointer
(R5) = octant/reduced argument
Save HCOSD(Y)

RO/R3 = HSIND(Y)

R&/R7 = HCOSD(Y)

Pop 4 longwords

Allocate 8 longwords on stack
Save_argument

RO/R3 = HCOSD(:iX!)

Save HCOSD(iX!)

RO/R argument

RO/R HSIND (X)

R4/R HCOSD(iX1)

Fave %)

2) If &5 =< ixi, then the subroutine REDUCE_DEGREES is called to reduce
the argument to an equivalent argument in degrees, Y, and
octant, I, containing the argument., Y

(s chosen as a function of I, to compute HSIND(X) and

MY
2=
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MTHSHSINCOS ; Flo r
2-007 MTHRTL.SRCIMTHHSINCO.MAR; 1

Rgoint Sine, Cosine andeigcos 12:22::}332 ?}:32:}6 AX/VMS Mac

.SBTTL MTHSHSIND_RS

This routine computes the HSIND of the H-format value of RO/R3. The
computation is performed one of two ways depending on the size of the input

NOOOO

atin
SIND
CEB
CEB 8
(s 931 :
EEg § ; ; argument, X
CEB & ; 1) It iX! < 45, then X is used directly in polynomial approximation
CEB 935 ; of HSIND.
CEB 9 ? S 2) If 45 =< ixi, then the subroutine REDUCE_DEGREES is called to reduce
CEB 937 ; the argument to an equivalent argument in degrees, Y, and the
CEB 9 3 : octant, I, containing the argument, Y is then evaluated in two
3 polynomials chosen as a function of I, to compute HSIND(X).
EE% L4 Lynomials ch function of I SIND (X)
CEB 941 MTHSHSIND RS::
S0 73FD OQCEB 94§ TSTH R : RO/R3 = X
10 18 CES 94 BGEQ POS_SIND 3
OOOOOCFB'EF 16 OCF 944 JSB NEG_SIND : RO/R3 = HSIND(iX!)
50 0 72FD CF6 945 MNEGH RO, RO : RO/R3 = =HSIND(iX!})
> Bre 97 -
CFB 868 NEG_SIND:
SO 8000 8F AA 358 923 oul SINDBIC #*x8000, RO ;: RO/R3 = X!
SO F368 CF 71FD O0DOO 951 = CMPH H 45, RO : Compare 45 to X!
20 14 oog 95; BGTR SMALL_SIND : sfecial processing for small arg
Sg 10 Cg 000 95 SUBL #16, 5P ; Allocate 4 Longwords on stack
) SE DO O0DOB 954 MOVL SP, R : RS points to octaword on stack
00001197'EF 16 ODOE 955 JSB REDUCE _DEGREES : (RS) = reduced argument
08}2 329 ; R4 = octant
8516 958 EVAL_SIND:
07 00 5% 0g%%. 18 980 15:  WoRD b SIN -1
0738' OD1A 961 LWORD PZCOS_D-1$%
0738* 0D1C 96 .WORD PTCOS”D-1%
0813* 0OD1 96 .WORD P_SIN_D-1%
880F' 0D 964 WORD N_SIN_D-1%
7A1' 0D 965 .WORD  N_COS-D-1%
07A1' 0D2& 96 .WORD N_COS_D-1%
0BOF' 0D26 96 .WORD N_SIN_D-1%
538 965
D 9?0 SMALL_SIND:
SO F363 CF 71FD 0D 971 CMPH H_SMALLD, RO ; Compare 180/fi'2‘-57 with ix!
A 14 0D 5 97; BGTR 1% : No polynomial evaluation is
7§ 0 70FD 0D 97 MOVO RO, -(SP) : nccossar{
5 % go D3& 974 MOVL SP, RS : RS points to argument
07F 1 0D37 975 BRW P_SIN.D :
S0 73F D3A 979 1$: TSTH RO : Check for zero
., D30 97 BEQL 3% : Return if RO = 0
50 F38C 8! TIFg D3F 973 CMPH H_SMALLEST_DEG, RO : Check for possible underflow on
S 3 04; 87 BLEQ 2% ; conversion to radians
0814 _ 31 0Dé4 ? BRW UNFL ; Underflow will occur on conversion
7§ SO 7DFD OD4A 981 2%: MOVO RO, =-(SP) F =X
50 35D (F 64FD ODLE 9 g MULH2 H_CONVERT, RO : RO/R3 = (gil180 - 2%=6)*ix!
?8 6 A og 9 SUBW  #*X6, (SPJ : RO/RY = iXiv2%-6
E 60FD O0D57 984 ADDH2 (SP)+, RO : RO/R3 = HSIND(iX:}) = (pi/180) X!
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MTHSHSINCOS : Floating Point Sine, Cosine and Sincos 16-SEP-1984 01: AX/VMS o V04=-00 Page 25 Ll
2=-007 MTHSH OSDgRS 2 EP-I?gt ? 32 16 !HYHRIL. IHHSINCO.HAR:1 . (f?) 2=
g E 7 .SBTTL MTHSHCOSD_RS
DSC : This routine conputos the HCOSD of the H=-format voluc of RO. The computation
D3C : is performed one of two wa{ depending on the size of the input argument, X:
g E 31 : Details are given in the discussion on MTHSHCOSD _Ré4.
DSC 993 MTHSHCOSD RS::
73FD ODSC 994 T1STH RO ; Check for reserved operand
g 8 0 GF AA ODSF 995 BICwW c*xgooo RO : RO/R3 = X!
7T1FD 0D6& 99 CMPH : Conpcro 45 to IXi
14 D6A 99 BGTR SHALL COSD H
0 Cs D6C 93 SUBL 6 : ;locate 4 longwords on stack
SE D D?F MOVL : RS points to octaword on stack
00001197'EF 16 0D72 1 80 JSB ueéuce,oesnees : (RS) = reduced argument
0p78 1001 ; R4 = octant
0p78 1 0;
D7 1005 EVAL_COSD:
07 00 S& B8F O0p78 1 86 CASEB R4, #0, #7
D7* 0D7C 1005 18: .WORD P_(0S_D-1%
07AF* OD7E 1009 WORD P SINTD-1$
Q7AB" 0082 100 .WORD N_SINZD-1$
073" oog 1008 .WORD NCOS~D-1$
0730' Op84& 1009 .WORD N_COS_D-1$%
07AB"* gogg 1010 .MORD N_SIND-1$
O7AF* 0D88 1011 .WORD P SIND-1%
06D7' ODBA 1 Ii .WORD P_COS_D-1$%
oogc 101
OD8C 1014
808( 1015 SMALL_COSD:
50 F2FF CF 71FD DB% 1816 CMPH H_SMALLD, RO ; Compare 180/pi*2*=-57 with iX:
0A 14 809 1017 BGTR 1% ; Check if polyinomial evaluation is
7§ 20 7DFD O0D9& 1018 MOVO RO. -(SP) $ nccossary.
E 0 0098 1019 MOVL RS 3 eoints to argument
6BS 8098 1020 HRW COS D : POL noe
SO 08 70FD OD9E 1021 18: MOVH #7, RO F = 1. HCOSD( Xi)
05 ODA 10 g RSB
ODA3 102
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2=-007 ﬁTHiHCOSDgRS 6-SEP-19S6 ?1:35:%0 MTHRTL.SRCIMTHHSINCO.MAR: 1 o (?8)
DA 1025
DA 1057
DAY 1 8 .SBTTL REDUCE_MEDIUM
bAZ 1080
DA 1031 E This routine assumes thst he absolute value of the argument, X, 1is in RO/R3
DA 1 i ; and that pi/& =< X! < 9*pi/4, It returns a pair of H=format values for the
DAY 1 ; reduced argument in eight Longwords on %ho stack previously allocate by the
DA 10364 ; the colling routin,. hese longwords will be denoted by TO (4 off the stack
DA 1035 ; poin org through T7 (32 off the stack pointer). YWl is in T&/T7, and YLO is
g: } 9 : in TO/T3. The octant bits in are returned in R2.
ODA3 1 s ; The reduced argunont is obtained by locating the octant that X is in through
88: }8‘0 ; 8 binary search and then subtracting off a suitable multiple of pi/2
0DAZ 1041 °
DA 186; REDUCE _MEDIUM:
55 SE 14 C1 DAS 104 ADDL3 #20, SP, RS : RS ?oints to T4
65 SO 7DFD ODA7 1044 MOVO RO, (RS) P T&/T7 = X
ool JE1 R B T T e L P
0 nagnit B M fenese
52 01 DO ODBB 1049 MOVL  #1, R2 S Firet musdvant
17 1N og% }82? BRB SUBTRACT
52 03 00 80( 185; 3s: MOVL #3, R2 : Second quadrant
12 1" gg }024 BRB SUBTRACT
o g G e g el g
52 05 00 80(0 185? MOVL #5, R2 3 ihird quogrant
05 11 gg }023 BRB SUBTRACT
52 07 00 800 1060 7%: MOVL #7, R2 ; Fourth quadrant
00 11 0DDS 1061 BRB SUBTRACT
gt 18
DD7?7 1064 SUBTRACT:
5¢ SE 04 1 00D7 1065 ADDL ' gP R4 : R4 = points to T0
53 D A24§ §s DDB 1 63 MOVAW =3(R )gnzg R3 : R3 = index into PI_OV_2 table
53 F2FB CFé E ODEO 106 MOVAQ PI_OV_2(R3], R3 : R3 = pointer into PI_OV_2 table
65 §§ 62;2 ggg } 68 38222 (R3)+, (RS) : TO/T7 = }ag.approxination to YMI
D6 ODEC 1 90 INCL R2 : Adjust octant bits
51 65 gOOO gF AB ODEE 1071 1§: BICW3 c'xgoog. (R5), R1 : R1 = exponents bits of IYHI'! )
51 F9S 8F B1 ODFé& 107; CMPW #*X3F95, R1 : Check for at least 6 significant bits
18 14 g;g } ;‘ BGTR NOT_ENOUGH_BITS 3 in YHI®
64 35 7DFD DFB 1075 MOVO (RS), (R4) : T0/13 = YHI'
08 AS FFFFOTFF 8F CA ODFF 1 79 BICL  #*XFFFFOTFF, B(RS) ;
0OC AS D& OEO7 107 CLRL 12(RS) : T4/T7 = high 56 bits of YHI' = YHI
64 6; 6SFD EOA 1 78 SUBH (Rg). (R&) : TO/T3 = low bits of YHI'®
64 63 6 Fg E 107 SUBH (R3), (R4) : R&4/RS = YLO
o8 GETe 1080 “
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2=007

Floatin
keouce,
E1
E1
7€ 63 70D OF1
08 AE 7C OE1
gg se 6550 E1A
64 63FD OE1
ga g 60FD OF
64 8000 BF Ag £
05 OEZC
EJD
ESD

8
8 Point Sine, Cosine and Sincos 16=-SEP-1984
EDIUM 6=SEP=1984
; NOT_ENOUGH_BITS:
MOVO  (R3), =(SP)
CLRG  8(SP)
SUBH2  (SP), (RS)
SUBHS  (SP)+, (R3)+, (R&)
(R3), (R&
XORW  #°X8000, (R4)
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Y
= aitional bits (H=format)
= 69 additional bits (H-format)

YHI

1st 64 bits of YLO
-YLO

YLO

MT
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56 50 OOOOFFFF 8F (B

56 01 88

OC A5 56 10 9C

08 A5 51 10 9¢C

03 18

0C A5 D6

04 A5 52 1g 93
0 1

08 A5 D6

65 53 10 9%¢C

03 18

06 A5 D6
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N 8
oint Sine, Cosine and Sincos 12-SEP-1834 91: 9:11
-SEP=1984 11:25:20

+SBTTL REDUCE_LARGE

. This routine is used to reduce large
: It returns the reduced argument, Y,
: the octant bits, I, in R2.

x*(4/pi) S ntf*(4/pi) where n is

~(n=113)%(2%113#1) #(4/

O
O
O
O
.
.
0
‘
L
O
O
L

; CONSTANTS:

L_INT _WEIGHT = “X3D
u “TERM UEIGHT = *X20
W_MAX_BEIGHT = ~xaooo
W_YLOTWEIGHT = *X40
W_ADJOST = *X3FF2
H_2_T0_32:

LOCTA  *x40M

REDUCE _LARGE:

The first step is to gb
tation of C = n=-113)
the start and the nunbe
longword. Also K = 2*113«

2l
r fp

i
(4
0
fm

BICL3 I‘XFFFF. RO, R4
BISB R4
ROTL 016 R4, 12(RS)
ROTL  #16. R1. B(RS)
BGEA 1%
INCL  12(RS)

1$: ROTL  #16, R2, 4(RS)
BGEG gs
INCL (RS)

P2 3 ROTL  #16, R3, (RS)
BGEG 3%
INCL & (RS)

#¥_ADJUST, RO

BICL 0*x¥rrrfoog R3

ara

The method of reduction is as follows:

g? integer and 1/2 =< f < 1

(2*113+f) = ( (n-113)t4/ i)

K+C, uherc K = 2*113«f 1s

Let L = K*C modulo 8, where 0 =< L <
= fract(L), then if is even Y =

; 2*32

the location of the binary point in the represen-
i) in two parts = the number of Longwords from
bits from the most significant bit of the next

us t be obtained.

LI AT E T A TATATETE DA TR PR ER T

S ——

AX/VMS Macro V04-00 Pa 8
!HT RTL.SR J MTHHSINCC.MAR; 1 - (SO)

uments (iX! >= 9+pi/4) modulo pi/é4.
4/RS in units of cycles, and returns

n inte er and C = 2¢(n=113)*4/pi
and B the integer(L) and
h, otherwise = 1=h

uoights exponent by g
ights ex onent by 32
nax mum unbiased exponent
hts exponest b
Use tc locate binary point in
MTHSAL_4_OV_PI_V table

t 16 fraction bits of X

gh 1? bits of K
bits of K
igh bit set and
t
i

n Yy

32 bits of K
gh bit set and
necessary
32 bits of K
igh bit set and
necessary

CYAsS OO OM—-DD

T T OTANOO S
OV ® D ®D~0n
QO ~DOONOO NDe+ N

Unbias exp and adjust for lLeading
zeroos RO = location of binary

Divide RO by 32 and mull b‘ 4 to ?ot
R3 = # of Longwords (in bytes) to
bwnary point.
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2-007 REDUCE. LARG 6$£P-19§4? 3 §i20 [NTHRTL.SRCIMTHHSINCO.MAR;1 29 50)
51 80800088'GF D MOVAL  G*MTHSAL_4 V_PI_V. R1 ; R1 = address of RTL vector entry
b1 0 020 'GF € ADDL G MTHSAL-4_OVCPICV, R1 ; R1 = address of MTHSAL_4_OV_PI table
1 3 g SUBL 3, R1 : R1 9 1nts to 1st quadword of interest
50 EO 8F A BICB “XEO RO ; RO(7:0) = # of bits within longword

it C'' to be used
integer bits of

Tha next steo is to generate an approximation t?
e
be obtained from a

.
in computi n? x'klgi will consist of the first
C and the first 6 fraction bits of C. These bits
constant stored in the interger array MTHSAL_4_OV_P

NOTE: The ASHQ, ADDL, and MULL instructions in the follow sections may
result in an integer overflow trap. The overflow incurred is intentional,
so that the IV bit must be turned off. The IV bit is not restored until
after all of the necessary fraction bits hav been generated.

call
thre
will
I_V.

( S MOVPSL ~=(SP) ; Put current PSL on stack
6E FFFFFFDF 8F CA BICL #*C<PSLSM_IV>, (SP) : (SP) = current IV bit
20 B9 BICPSW #PSLSM_IV™ ; Clear integer overflow bit

The necessary calculation to produce the reduced argument can requires up to
6 longwords of tengorary work space. This work space will be allocated

on the stack. e 26 longuords allocated only 16 are needed for the

duration of the reduct on scheme. For the ?urposes of comnents these 16
locations will be refered to as TO through TE and will be accessed

0 0 0 O 00 OV OOV VOV VOOV VOOV VOV~ f‘d-
DODODDONOOOO0O0O0O0O0O0O0O0OOOMNOND

mmmmmmmmmmmmmmmmmmmmmmmmmmm

0
@
G000 0000000000000 NN NN NN NNNNOONONONONONONONON O WU UWALY

O 00 NN\ S AN = O O GO N O N S NN = O O 00 N0 VN1 8~ i) — OO0 00 IO N S R0 —

lelelelelelelelelelelelalelelelelelelelclelclelelclelalelelaleleleclelelelelalelelalelelalelelel=l=20 1

P
3
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

PURIRIRININININ 2 =D —d b B b d e b b d d e b b e e b b nd o o o ed o o b s o b e b b DD B b bbb bbb b b bbb b

E9B ; pointers in R2, R3, R4, and SP. The stack will be allocated (after ¥nit1al-
E98 : jzation) as follows:

E98 :

E98 3 ' '
E98 : |meeeeecccccccncnccn- '
Egg 3 | 10: E E
E98 3 Ienporar‘ storage for use ! T1: | :
E98 : durin? e generation of | | sesnsssnnssnassasnes !
E98 ;s addit on bits of the pro- | T2: | '
E98 ; duct Ke( [ R ————— '
E9B : L T | ]
E9B 89 . ' | == meeccccccccccccan '
E% 119] : AU i
E9B 9; : Additional bits of C' 1 15: | '
E9B 93 . |eemeeccccccccnccccna '
£E98 9% ; i T6: | 5
E9B 95 ; ' |=meecccccccccccccnan ;
Egg 8 : E ‘8 E -------------------- E
£98 98 : Contains all of the . . . .
8598 00 ; significant bits . " . .
E98 01 ; generated through . . . .
E98 Og : current iteration E : ;
qu H ' T0: | '
E9B 4 ; E E """""""""" :
Egg 5 . | 'E: : :
E98 9 ; Weighting factor ! TF: & '
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2-007 REDUC _LAaGE 6-SEP-1934 ?1:3?:20 !HTHRTL.SRC]HTHHSINCO.HAR;1 . (30)
Eqa : : -------------- - e - :
£98 3 i '
E98 3
E98
3
E98 ; Get C'" = C(0):C(1):...:C(7) on stack. C(0) though C((7) are unsigned
£98 3 inte?ars generated from the binar¥ representation of C. The high three bits
E98 ; of C(O) are the the first three bits to the left of the binary point of (.
E9g : The remaining bits C(0) and C(1) though C(7) are the first 2535 bits to the
E9 ; right of the binar¥ point of C. Note that the C(i)'s are adjusted to
£98 S ompensa%o for their signed (rather than unsigned) interpretation in thg EMUL
£E98 ; instruction. Note also that the representation of C has no more than 1
Egg : consequtive ones, so that no carry is possible from the adjustment.
£98 :
SE 00000068 8F (2 E9g SUBL #104, SP ; Allocate 26 longwords on the stack
Sg SS 20 C1 OEA ADDL3 ISS. SP, R% : R2 points to longword before C(7)
5 1C €1 OQEA6 ADDL3 #28, R2, R ; Initailize loog counter, R3 points
EAA 3 to longword before C(0)
63 61 S0 79 O0EAA ASHQ RO, (R1), (R3) : Shift the proper ?uadword so that
EAE 3 4(R3) has C(0)in it
53 04 (2 OEAE SUBL ¥, R3 ; R3 points to lLongword before ((6)
S1 0& (2 O€eB1 4$: SUBL #4, R1 : R2 goints to next quadword in
EB4 3 THSAL_4_OV_PI_V table
63 61 S0 79 B4 ASHQ RO, (R1), (R3) ; Shift quadword so that C(n) is in
3 the appropriate longowrd
03 18 BGEQ ; Check for high bit of C(n) set
08 A3 D6 INCL 8(R3) ; Bit set. Ad?ust Cin=1)
FFEA S3  FFFFFFFC 8F 52 F1 5%: ACBL R2, #-4, R3, 43 : Logg un:ilkc 0) though C(7) are on
3 e stac

Generate the low 256 bits of the product K*C'' = L. This product is
equivalent to multiplying K times C'' modulo 8. The result of the )
roduct is in T7/TE with bits 31:29 of TE the octant bits, and the remaining
52 bits the faction bits of the product. The last 113 fraction bits (bits
are non-valid fraction bits that will be used Later if more fraction bits
need to be generated.

LER PR TR TR PR PR TR 1)

OO0OO0OOOOOOOOOOO0OOOOOOOOOOOO0O0OO0OOVOO0OOO0O0OOO0OO0O0OOOOO0OODOOO0O0O0OC M

mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm
e e el e D il e D D il D i i i e e e e e i i e D e e e ) i el e e i el i e e el e e D e el e e el el ) S ol el el S el el el el
LELSTNT NI ST NI NI NN NN LSRN LN LN S LSS LN S LS LS LS OSSN S TN NT N TN TS TN SIS TS IS S IS DSOS LS LS IS LN N LN LN LN N N LN N N S Y

OO OO O NS 85 55 85 85 85 8 55 85 25 W W N N R AN NI PO N RO RO NONOINOND =3 b b b e ed e e ek = O O
L5 AN =2 OO0 NN S WIN =2 OV 00 NS N = O 0 00 NON N S N = OO 00 N O WM 8 N = OO0 O NN N S LN — OO0 00

MMMMMMOOOOOOOCICICICICIOICICIOIOIOIO OO ODDOm
YO O VWO OONONNIM P > 30 B N SNSN NN N NN NNNNO > 000

6 S0 70 MOvQ RO, (SP) : Save RO/R1
; Set up pointers for multiplying
51 SE 26 (1 ADDL lgb. SP, R1 : Rl points to 1st Longword of C''
2 N 8 0 ADDL #32, R1, R2 : R2 points to 17
54 52 18 (1 ADDL #24, R2, R4 ; R4 points to TD
6 ) CLRL (R2) : This code generates the product
62 g% 81 6§ 9A 6%: EMUL (Rg) (R1)+, (R2), (R2) ; of the lgu order 35 bigs of K
FFFS 4 S& FI1 ACBL R4, #4, R2,°6$ P and C'* ang stores them in
0L A2 61 85 (5 MuLLS  (RS), (R1)) &(R2) :  location T7/TE
62 04 A2 (O ADDL &(R25, (R2S :
53 D& CLRL R3 : R} is the lLoop counter
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2-007 keoucE_LAacE 6-55?-1934 ?1:35:30 MTHRTL. SRCIMTHHS INCO.MAR; 1 (50) e=(
EEE 1265
go ga AE4LS DE EEE 1 69 7%: MOVA 0(3P)[R3] RO : RO and R4 point to 1st and last
& SE 1C C1 OEF3 126 ADDL3  #28, SP, Ré4 :  Llongword of temgorary stora?e
EF7 1 63 ; for cgnputing the product of the
EF7 1 9 ;s _next 32 bits of K and C'*
gS g& CO OEF7 1270 ADDL #4, RS : RS points to next 32 bits of K
51 S 2 O E:e 1801 ADDL3  #36, 5P, R1 : R1 points to 1st longwork of C'*
62 94 EFE 1 7§ CLRL (Rg) : This loop gsnerates the product of
60 20 81 g A '8 1274 8$: EMUL (RS), (R1)+, (RO), (RO) ; the next 32 bits of K and C'"'.
FFFS 50 04 & F1 OF 1275 ACBL R4, #4, RO, 8S : The result is stored n+2 longwords
646 AE 61 65 (5 FOS 1 79 muLLs  (rRS), (R1). 100(sP) s off SP, where n is stored in R3
60 64 AE (O ;}‘ } ; ADDL-  100¢SP), (RO) :
SO 0B AE43 DE OF14 1 73 MOVAL 9(SP)ER3g RO ; RO points n+2 Longwors off SP
52 4B AE43 Ds F19 1280 MOVAL 2(SP)[R3], R2 : R2 points to 77 + n longwords
5¢ 04 C o:}% } gI ADDL #s, R4 :
82 80 (O 0F%1 1 Bg ADDL (RO)+, (R2)+ ; This lLoop adds the product bits of
82 B0 D8 O0OF2& 1284 9%: ADWC (RO)+, (R2)+ : the previous loop to the bits
0F%7 1285 : already generated. The results
FFF7 SO 00 S&4 F1 OQF27 1286 ACBL R4, #0, RO, 9% ; This curious construction is used to
8:%8 }23; ; avoid effecting the carry bit
FFBB 53 01 02 F1 8:20 };38 ACBL #2, M, R3, 78 ; Increment Loop counter and branch
SO0 6E 7D Ofgg 129N Mova (SP), RO : Restore RO/R1
5S 0C (€2 OF36 1295 SUBL #12, RS : RS points to K
Se 28 (0 8:%2 } 3‘ ADDL #40, SP ; Pop 10 Llongwords off stack
OF3C 1295 ;
OF3C 1296 : At this point there may or may not be enough valid bits in R3/R4 to gengrate
OF3C 1297 ; Y. If the first 12 fratction bits are all 1's or 0's, there a possibility of
OF3C 1298 ; loss of significance when computin? Y. Consequently, we must check for loss
OF3C 1299 ; of significance before converting T4/T7 to Y and 1.
OF3C 1300 ;
OF3C 1301
OF3C 1 Og ; Set up pointers
OF3C 130
$3 %= 1C C1 OF3C 1304 ADDL #28, SP, R3 : R3 points to 17
5¢ SE 3¢ O 8;22 } 05 ADDL #60, SP, R4 : R4 points to TF
64 FC A4 0000080 8F C1 OF&44 1;8? ADOLS  #*XB80, -4(R4), (R4) : If the first 22 fraction bits are 1's
FFFFFOO gr o; 8rao 1 83 BITL  #*X3FFFFFO0, (R4) :  and the_reduced arg = 1-f or the
F 3 FS54 1 BNEQ CONVERT : first 22 bit are 0 and the reduced
0F56 1310 : arg =f, then (and only then) bits
8F56 13N :  29:8 are 0 and significance will
F56 1 1; : be lost.
F56 131
ng 1314 ; .
:Sg } }; : More bits need to be generated to cover the lLoss of significance.
F56 1317 °
0000108F"EF 16 OF56 1 13 JSB GEN_MORE _BITS ; Generate 85 additional bits and add
F5C 131 : them to existing bits. Results are
F5C 1 S? : stored_in T6/TE ,
53 064 (€2 OfFS5C 1 SUBL #4, R3 ; Adjust R3 to reflect the addition of
|
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;s another longword of K+C''
BBS #29, -4(R4), 108 ; Check if loss of significance is d
3 to Leading ones or zeros

1S FC AL 1D EO

; Lost significance due to Leading zeros

FSF 1
Fgf 1 i
F64 1324
F6& 1325
Fee 1357
66 FC AG 08 0 %A Fé64& 1328 FFS #0, #8, =4(R4), (R4) ; 1f at Least one bit is set. This
1 12 O0F6A 1329 BNEQ  CONVERT i  means lost si?nifigancc was minor.
F8 A4 O001FFFF BF D1 F?C 1350 CMPL #*X1FFFF, =-B(R4) ; 1f one of the high 15 bits is set,
17 15 OF74 1331 BLEQ CONVERT : lost significance was minor.
00B¢ 31 :;§ } i BRW LEADING_ZEROS
0:;9 } g ; Lost significance due to Leading ones
646 FC AL 08 00 Eg OF79 1336 10%: FFC #0, #8, =4(R4), (R4) ; If at Least one bit is clear. This
OC 12 OF7F 1337 BNEQ  CONVERT :  meanslost significance was minor.
F8 A4 FFFEOOOD BF D1 OF81 1 gg CMPL #*XFFFEOQO0O0, =-B(R&) : If one of the three high bits is
2 1 OfF89 1 BGEQU  CONVERT ; clear, lost significance was minor.
C 11 O0F88 1340 BRB LEADING_ONES
ui
§;gg } 25 CONVERT:
OF8D 1345 ; Isolate octant bits and convert fraction bits to a pair of D-format
8;38 } 29 : quantities YHI and YLO
64 FC A4 03 10 EF OFBD 1348 EXTIV  #29, #3, =4(R4), (R&4) : TF = octant bits
FC A& §ooooooo 8F CA OF93 1349 BICL_  #*XE0000000, -4 (R4) : Clear octant bits
5 5¢ 14 (3 O0F98 1350 SUBL3 #20, R4, R3 : R3 points to Low order bits of h
0000110C'EF 16 8:2; 1321 JSB CVT_TO_H ; %2%&5; 5‘5353=ﬁ°hi
10 AS ag OFAS 1ss§ TSTW  16(RS) : 16(R5) could be"zero. If so
06 13 OFA8 1354 BEQL H HI O ;: do not do SUBW #*X1D,16(R5)
10 AS 10 A2 8;:2 }ggg o« N1 8 SUBW #*x10, 16(RS) : 16(R5) = h_hi
65 1D Ag OFAE 1357 -~ ~ SUBW  #*X1D, (RS) ; (RS) = h_lo
% opel o o
0B 64 EY9 8;33 } g? 1%: BLBC (R4), 2% : Check for odd or even octant bits
§:gg } g§ : Octant bits are odd. Reduced argument equals 1 = h.
10 AS 08 10 AS 63FD OFB8 1364 SUBH3  16(RS), #1, 16(RS) : 16(R5) = YHI = 1 = h_hi
65 65 72FD F%F } 25 MNEGH (RS), (RS) : (RS) = YLO = =h_lo
;Eg } g? : Get octant bits
52 64 go FC3 1 93 2%: MOVL (R4), R2 : R2 = octant bits
00A8 1 ch 1370 BRW GET_YHI_YLO
FC9 131
'3 1
FC9 1374 : At this point it has been determined that there is a major loss of
FC9 1375 ; significance and the processing begins a Looping phase. Each iteration of
FC9 1 9 : the loop will generate additional extra bits of K*C' until enough significant
FC9 1377 ; bits to compute Y are available. Durin? this time the nine longwords
FC9 1378 ; allocated on the stack will be used as YTollows:
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|
FC9 1379 ;
;Eg } ? S T0/T4 Temporary storage used when generating extra bits.
;59 } i : T6/TE Contains all significant bits generated so far.
FC9 1384 : TF Contains a counter, W, indicating the appropriate exponent
FC9 1385 ; of the last longword of fraction bits used in converting
'3 1 o
:Eg } s LEADING_ONES:
8FC9 1390 ; 1f processing continues here it is known that the loss of significance is due
;Eg } 31 ; to a string of Leading ones.
66 30 00O §FC9 1 9§ MOVL #L_INT_WEIGHT, (R4) ; TE = exp bias for lLast longword
:EE } 32 3 of the product K+C'
F8 AL FFFFBOOO 8F D1 OfFCC 1 9? LOOP_1: CMPL #*XFFFFB000, =-8(R4) ; Check for enough significant bits
2F 1A OFD& 139 BGTRU  CONVERT_1 ; Enough bits. C(onvert to floating.
0000108F*EF 16 OFD6 1398 JSB GEN_MORE BITS : TS/TE contains K«C''
F8 AL FFFFFFFF 8F D1 OFDC 1399 CMPL #-1, -8(R4) : Check for all 1's
1F 1A 8;22 }28? BGTRU  CONVERT_1 ; NOtt:léo;;:ic Snough precision bits
A SEACTND BES N MM OO G s rresentatio
- '- . o
FFD2 64 20 4000 8F 3D OFF2 1404 ACBW  #W_MAX_WEIGHT, #W_TERM_WEIGHT, (R4), LOOP_1
OFFA 1405 : Increment weighting factor. 1If
OFFA 1406 3 ueizhting factor is greater than
OFFA 1407 ;1024 then no more bits need to be
OFFA 1408 ; generated.
A 1
OFFA 1411 ; The weighting factor is ?reator than 16384. This means that the reduced
OFFA 141§ 3 arguneng is either not distinguishable from 1 or too small to be represented
OFFA 1413 ; in F-format (i.e. underflow.) Zero is returned in R4 for the reduced
OFFA 1414 ; argument to signal this occurance. Note that under these conditions the
OFFA 1415 ; correct function value is one of the values 0, +/=1. The
OFFA 1419 ; correct choice is determined by the calling program based on the octant bits
8;:: }2}8 ; returned in R1.
65 D& OFFA 1419 ° CLRL  (RS) : Reduced argument is zero
52 FC A4 03 1D F OFFC 1420 EXTZV  #29, #3, -4(R4), R2 : R2 = octant bits
007F 31 1002 1421 BRW RESTORE
i 145
1805 1424 CONVERT_1:
53 56 18 (3 1005 1425 SUBLS #24, R4, R3 : R3 ?oints to low bits of h
0000110C'EF 16 }0§? }2 9 JSB CVT_TO_H : gg?ag)z:usgqig &
10 A5 FE17 CF 10 AS 63FD }81r 1428 SUBH3  16(RS), H_2_T0_32, 16(RS) PO DN
10 Ag 64 (2 1 lg 1430 SUBL (R&), 16(RS) ; 16(R2) =1=hhi ~
6 S 72FD 101C 1431 MNEGH  (RS), (RS) ; (RS) = =2*wrh_To
3 1% 1 14 § BEQL 1% : Chgck for h_lo =0
85 66 (2 1 14 SUBL (R4), (RS) : (RS) = = h_To
52 FC A4 3 1 %F 1 1434 18: EXTZV  #29, #3, =4(R4), R2 : R2 = octant bits
G4 1 1028 1435 BRB GET_YHI_YLO
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™ =

is LEADING_ZEROS:

: 1f processing continues here it is known that the loss of significance is due
: to a string of Leading zeros. Note that it is known that the Loop for

. leading zeros will terminate before an underflou condition occurs so that the
; loop does not include a test for underflow.

GEN_MORE _BITS:

This subroutine aenerates 145 extra fraction bits and adds them to the
existing bits. his routino is always entered via a JSB instruction,
Conse?uently. SP points to the first longword BEFORE T0, rather than T0

LA FE TR TR TR 'Y

4
2?
i
6 30 0O 45 MOVL #L_INT_WEIGHT, (R4) : TE = cxg bias for lLast longword
29 : e product K+(C'
F8 A4  OO0001FFF 8F D 43 LOOP_0: CMPL l‘x00001FFF -8(R4) ; Check enough fraction bits
1C 19 4 BLSS NVERT 3 Enou’h ts. Convert to floating
0000108F "EF 1 S0 JSB GSN HORE BITS : T2/R7 contain K*(
FB AL D 51 1$%: TSTL ; Check for all 0
1" _1 Si BNEQ CONVE ; Not all 0°'s. Enough precision bits.
EC AG EB AL 7DFD 5 MOVO -ZA(RL) iO(RL : Compress representation
DC A4 D8 A4 7DFD 56 MOVO =40(R4), 6(R&) s of K«C*'
20 A0 55 ADDW #V_TERM_WEIGHT, (R4) ; Increment weighting factor.
DA 1N gg HRB Lobp_0 ~
58 CONVERT_O:
53 S4 18 (3 59 SUBL3 #24, R4, R3 : R3 9oints to low bits of h
0000110C " EF 16 20 JSB CVT_TO_H ; (RS) = 2*W*h_lo
1 : 16(RS) = 2*W*h_hi
S2 FC AL 03 1D EF 6; EXTIV  #29, #3, =4(R4), R2 : R2 = octant bits
10 A5 64 C 3 SUBL (R4S, 16(RS) : 16(RS) = h_hi
65 B 64 TSTW (RS) ; Check for A_lo = 0
03 1 65 BEQL GET _YHI _YLO H
65 64 c2 gg SUBL (R4Y, (RS) : (RS) = h_lo
68 GET_YHI_YLO:
¢« 55 10 1 69 ADDL3  #16, RS, R4 : R4& points to YHI
7€ 64 7DFD 70 MOVO  (R4&), =(SP) : (SP) = high bits of ¥
08 A4 7C 71 CLRQ  B(R4) : (RS) = 49 high bits of Y = YHI
6 64 62FD 7; SUBH% (R4), (SP) :
6 8E 60FD 7 AD (SP)+, (RS) : (R§) = YLO
74 RESTORE:
40 AE B8 75 BISPSW 64(SP) : Restore IV bit and exit
SE 00000044 8F 8? ;9 aggL #68, SP : Remove mask and temporary storage
i
7
0
i
g 4
? itsel R3 points to the last longword of previously generated bits.
2 B B =0 3 ADDLY #24, SP, R2 : R2 points to storage for C(n)
51 04 (2 99 SUBL 8, R ; Adjust pointer to get next quadword
92

OO0
O O O ~O G0 G0 G0 00 G0 G0 00 00 0000 00 G0 00 00 G0 00 N~ N N N ~NON O O O OF O VAN B £~ £ 5~ LI NIANINONORORORORONORONOND
O MANANT I N AN AN AN AN ITMNS SO OV = aMA P OO PO H =D VINO P DO0O0DDDDDDDOOT >3
— ) el ) b ) ) ol ol ol ) b — — — b = — — —d = ) — — — ) ) b D b - = ) —d —d =D ) D ) = —— — —— —— = = — — — ——D —d — — — — — —
Y N N T N N N N N N N N N N N N N T T T T N N S N N N N N N N N N N NN Sy

~o~

rom THSAL _4_OV_PI_V
C(n)

FC A2 61 50 79 ASHQ RO, (R1), =4(R2) : 15 =

TEXXTITIIXITX

e e — S — — B B Em Bl LA AR A A

FEITITIIIIIX
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33 18 } gg }282 BGEQ 1% ; Branch if high bit is clear
} gg }285 ; Logic to process unsigned values greater than 231 - 1
04 AE 00 62 6 7A 109 1499 EMUL (Rg). (R2), #0, &(SP)
og AE 6 0 10A 1493 ADDL  (R5), B8(SPS
08 AE 08 AE 6 4 A A 10A7 149 EMUL  &(RSS, (R2), B(SP), B(SP)
oc AE & A 0 10AF 1 80 ADDL  &(R5). 12(5P)
0C AE OC AE 6 g L A 1084 1501 EMUL (RS), (R2), 12(SP), 12(SP)
10 A A 0 108C 1 8§ ADDL (R5) 16(25)
UL o .
10 AE 10 AE 6 C A A 10C1 1 EM (RS5, (R2), 16(SP), 16(SP)
ADDL ’
14 AE  OC ?g ? } E9 } g ADD 3 (RS). 20(SP)
1OD§ 1 89
}Og }goa ; Logic to process unsigned values less than 2*31
04 AE 00 62 65 7A 1 08 1509 1$: EMUL (RS) (RZ) IO. 4(SP
OBAE OB AE 62 04 A5 7A 1006 1510 EMUL & (RSS, nss 8(sP), B(SP)
OCAE OCAE 62 08 A5 7A 10DE 1511 EMUL s<as> (R2), 12(SP§, 12(5P)
10AE 10AE 62 OCAS 7A }8Eg }g}i EMUL  12(RSS, (R2S, 16(SP5. 16(SP)
10EE 1514
}82% }g}S : Add new bits to old
5¢ SE 04 C1 10€ 1519 2$: ADDL3 #4, SP, R2 ; R2 points to Low order longword of
10F 1518 3 of new bits
FC A3 B% DO 10F2 1519 MOVL (R2)+, =4(R3) ; Move low order bits to end of Llist
63 8 C0O 10F6 1520 ADDL (R2)+, (R3) : Add in new bits
04 A 82 D 10F9 1521 ADWC (R2)+, 4(RY) :
08 A B% D 10D 15 § ADWC (R2)+, B(R3) H
A 8 D8 1101 15 ADWC (R2)+, 12(R3) :
06 1E 1105 1524 3s: BCC 43 : Check for carry from previous add
82 D6 1107 1525 INCL (R2)+ ; Propagate carry
FA 11 1109 15 9 BRB 3% :
05 1108 1527 4$: RSB 3
110C 1528
110C 1529
110C 1530
110C 1531
}}82 }g i CVT_TO_H:
110C 1534 ;
110C 1535 ; This routine converts an array of five Longword pointed to by R3 to a pair
; of H=-format values. e results are returned on the stack and are pointe
110C 1 f H-f t L Th t t d th tack d inted
110C 1 : to by RS
HEE 1338
110C 1540
52 S3 oOoC 1 1 1261 ADDL3 #12, R3, R2 : R2 point to second most significant
m 156; s ongword of h
S0 SE 04 (1 }}}‘ }Ez‘ ADDLS #4, SP, RO : RO points to T0
sg DS 1114 1545 1§: TSTL (R2) ; Adjust for signed
18 111% 1 4? BGEQ 2% : rather than unsigned
04 A§ p6 1M 154 INCL 4(R2) : conversion
FFEF 52 FFFFFFFC 8F 5 F1 }}5? } :3 2%: ACBL R3, #-4, R2, 1 :
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2=-007 ﬁEDUCE,LAaGE 6-SEP-1934 11:35:20 !HTHRTL.SRC]HTHHSINCO.HAR;1 ’ (38) VA
60 6EF 1" 1 CVTLH (R3)+, (RO) 4
1§ 1 3 1 ? BEQL 3$ :
0 A2 1128 1 § SUBW #J_TERM HEIGHT (RO) : Convert low order
8 68?0 1" 1 3s: CVILH  (R%)+, =(SP) : three longword to
6 60FD 11 15;4 ADDH2 (SP), (R : H-format and store
13 1136 1555 BEQL  4$ ; on stack pointed to Mac
60 A2 1 1559 SUBW #J_TERM HE!GHT (RO) 3 by RS o
6 GEFD 1138 1gs 4$: CVILH  (RD)+, ta ; -3¢
65 6 6§ 61F 113F 1 Ss ADDH3 (SP), (R )., (RS) : 131
g 1 1144 155 BEQL 5% :
65 0040 8F B }}28 }560 SUBW #J_YLO_WEIGHT, (RS) : The
60 83 6EFg 1148 122% 5%: CVTLH (R3)+, (RO) :
3 13 114F 156 BEQL 68 ; MAC
60 g A2 1151 1564 SUBW #J_TERM_WEIGHT, (RO) : Convert high order
6E 6EFD 1156 1565 6%: CVILH  (R3)+, TSP) : two longwords to
6 18 1158 1569 BGEQ 7S : H-format and store
6§ FCCE CF 60FD 115A 156 ADDH 2.70_32 : 16 off RS on the
10 AS 60 8E 61FD 1160 1563 78: ADDH (SPY# <n6) 16(RS) : stack
ot BB

—— R —— —
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This routine assumes that the obsol?te value of the argument is in RO/R3.
The reduction process is performed in two gtsgos. The first stage

the reduction reduces the argument modulo 36

and the second stage reduces the argument modulo 45 to a value Less than 45.
The roduiod argument is returned in four longwords previously allocated by

e S N N e T T R e i e e e e e T R L e e T e R e e T 3 mo

ro v04-00 Page 37
MTHRTL.SRCIMTHHSINCO.MAR; 1 (21)

T =t

to a value less that 2*112,

;20 calling program and pointed to by R5. The octant bits are returned in
: Constants used in this reduction:
POWER_MOD_360_0: ; Powers of 2 modulo 360 for t1 = 0
0008 0004 0008 001 ' .GORD 1. . &, s
008 0048 80% 010 .WORD 16, ; . 64, 12
00F8 0130 0098 0100 .WORD 256, 152, 304, 248
POWER_MOD_360_1: : Powers sf 2 modulo 360 for t1 <> 0
0088 0110 0088 .Q0RD™ 136, 272, 184,
0080 0040 0020 0010 .WORD 16. 32. 34. 12
F8 0130 0098 0100 LWORD 256, 152, 304, 248
REDUCT _DEGREES:
50 4071 8F B1 CMPW #*%X4071, RO ; Compare ix! with 2*112
&6 14 BGTR LAST_STEP : Branch to special logic for med arg

It is assumed here that the argument is greater than 2*113.

The argument is reduced as follows:

50 x = 2°t+f, where t > 113 and 1/2 =< f < 1. And let J = 2*113+f =
“60*J1 + J2 and K = 2‘(;-113). Since 260 = 2*12 modulo 360, we have

J = 2*12+J1 + J2 modulo 360. Now let t' =t - 113 = 12+t1 + t2. Note
that (2*12)*2 = (2*9)+(2*15) = (2*9)«(2*3) = 2*12 nodglo 36?. Hence, if
1 is not zero, K = 2°t' = 2*(12+t1+t2) = (2*12)+(2*t2) = 136+*2*t2 modulo
60. For'tl = 0 K = 2*t2 Sonsequcntl , define K' conaruoni to 2*t2 if
tl =0 an con!ruvnt to 136+2°t2 otherwise, where 0 =< K' < 360. Then x'
= K'#(2*12¢J1 + J2) is congruent to s modulo 360 and x' < 2*113.

£ AN =2 OO 00 ~! P E AN =2 O O 00 O NS N = O O 00 NON VN 8 LN = O O 0O N N S~ LN

O =MMMMMMMMMMMMMMME NNNNN TN AN Y NNNNNNNNNNNNNN MDD
— ettt et b e 2 OO OO OO OO OO OO OO0 OOV VOO0 N N~NNNNN~N =

oM > )6 >»>» VOOVOVOOVOOVOVOVOVOVOOVOOVOVOOVOV®®NN~N~VNOO OO OO OO OO OO

il — ) D ) D el ) ) =D - - - =D ) = — ) o - ) el b D D ) e el D D ) D i D D D =D D - D —d B B D el D D ) e e ) el e D e m.
oo ONONONONONONONONONONOONONON OO OO O OO OO O O O TN T T T T A AR TUAAWAIWWAIVAVWA. MO

b o i D i ) ol i e el D e ) e e B B B B e D e e e D ) D D oD D D B D D DB B DD P D D DB D DB D B> BB _D BB DD

5« SO0 DO MOVL RO, R4 : R4 = exponent bits of X
20 TFFF 8F AA 5 BICW #°XTFFF, RO : Clear exp bits of X
0 4071 8F A ? BISW #*%4071, RO : RO/R3 = )
54 0 ¢ g SUBL RO, R4 : RG =t
85 0 7DFD 3 MOVO RO, (RS) : (RS) =)
52 FFFFOFFF 8F CA 0 BICL # XFFFFOFFF, R2 3
D4 1 CLRL Rg : RO/R3 = J1+2460
gS 62FD BB ; SUBH2 RO, (RS) : (RS) = J
0 A2 BF SUBW #*%X30, RO 3 RSIR s “lstJl
S0 65 60FD EZ g ADDH2 (RS), RO : RO/R3 = 2*12+J1 + J2 = J modulo 45
65 54 C A7 Cg 9 DIVWS #12, R4, (RS) : (RS) =t
E 13 CA BEQL 1%
65 C A& cc 8 MULW #12, (RS) : (RS) = 12+t1
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int Sine, Cosine and Sincos 16=-SEP-1984 01:39:11 VAX/VMS Macro V04-00 Fa 8
S -SEP-19g4 ?1:32:20 MTHRTL .SRCIMTHHSINCO.MAR; 1 ¢ (51)

SUBW  (RS), R& : R4 = t2
CVIWH  POWER_MOD_360_1CR4]1, (RSS

BRE 2% : (RS) = k'
CVTWH  POWER_MOD_360_0CR41, (RS)

: (RS) =K'
MULH2 (RS), RO ; RO/R3 = X' (mod 45) 0 =< RO < 253

m>3
mo

5 65 A2

65 AB AF&4L 6DFD
06 MN

65 B8 AF4L4L 6DFD
50 65 64FD

N -
" @

~—

AST_STEP:
Argument reduction scheme for arguments with absolute value less than 2112

The reduced ar?unont Y is computed as follows:
Let I = int{X/45)
is even
then ¥ = X = 45+
else Y = (J+1)%45 - x

LA TE TR PR TR PR TR

50 4024 8F B1 CMPY #*%4024, RO ; Compare 2*36 with X!
27 18 BGEQ_  NO oveafgou :
65 SO EEBO CF 65FD MULH3  H_T_OV_45, RO, (RS) : (RS) = IX!/45

Turn off IV to avoid an exception in EMODHM

- i e i e e e = OO OOOOM T MM MM MM AMMMMMMMMMMMMMMMmMMmMMMOOO0D™ O

NNORIMO AOT O ANINNNOM OO NNNHNO A B SRR OSSR S S SN ESSS S SOO0OP > 0™
NNNNN  NNNOONONONO OO0 O O T UWAUAVIVIVIVIVA S 35 85 55 55 35 55 55 5 2 WI U U U U IR

i el o e o D e e D D o e e e e e e D o e D e o o e e e e e e o e e e D e D D D D e D D D D e e D D e e e b [TV D
NOWVIES W N=O 000NN LN = O 0 00 N0\ S N = O 0 00 NOM NS N = O O 0O NN WSS LN = OO

e o e e i o e e e o i e e i e D i e e i e el e o e e e e e o e i o ol e e e i e e o e e e i e e e e e D e e e e e TV
oo O OO oOOOOrOrOFOOFOrOFOOFOMOMOAOrOOrOOOrOOOrOrOrOrOrOrONOrOrONOOrONONONONONONONOM

AORLAIALALAIAIAINIAIAINANINI N NI RINI NI NI NI NI NI NIND b b b b b b b e b b b b b b b b o e e b b o o o d b b o b b b
F

5S4 DC MOVPSL Ré : R& = PSL
7TE 54 FFDF BF AB BICWS  #*C<PSLSM_IV>, R4, =(SP); Save current IV bit on stack
20 B89 BICPSW #PSLSM_IV : Turn off integer overflow trap
7€ 54 65 00 08 74FD EMODH #1, #0, (RS), R4, =(SP) ; R4 = low 32 integer bits of iX!/45
: (SP) = fractional part of iX!/45
65 BE 62FD SUBH2  (SP)+, (RS) : (RS) = Integer part of iXi/45 = |
8E B8 BISPSW (SP)+ ; Restore IV bit
2F 54 E9 BLBC R4, EVEN :
65 08 60FD ADDH2 #1, (RS) : (RS) =1 +1
16 1" BRB oDD
NO_OVERFLOW:
54 SO0 C16C 8F EEBY g; 74FD EMODH  H_1_0V_45, #X_1_0v_45, RO, R4, (RS)
: R& = ] = integer part of IXi/45
17 5S¢ E9 BLBC R4, CVT : Branch if octant bits are even
65 5¢ 01 1 ADDLS #1, R4, (RS) : (RS) =1 +1
65 65 6EFD CVILH  (RS), (RS) P (RS) =] +1
65 eg&s F 64FD oDD: MULH H &S, (RS) 2 (Rg) = 45+(]+1)
3 0 62FD 73 SUBHZ RO, (RS) : (RS) = ¥ ,
54 F8 BF SA 7 BICB #*°XF8, R4 ; Save only last three octant bits
S ? RSB
65 5S4 6EFD i CVT: CVTLH R4, (RS) : (RS) =1
65 EEGO gf 64FD EVEN: MULH H_M4S, (RS) : (Rg) = =45¢]
6 0 60FD 4 ADDHZ RO, (RS) : (RS) = v
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MTHSHSINCOS 2 Floatinv Point Sine, Cosine and Sincos 2-SEP-19 4 ?1:32:11 AX/VMS Macro V04-00 Page
2-007 CYCLE-POL NOMIALS ; Polynomials for argu 6-SEP=1984 11:25:20 [MTHRTL.SRCIMTHHSINCO.MA®;? (
F12B CF g go 75FD 13CE 1849 POLYH RO ccoskencz-1. COSTBC2: RO/R3 = Q(Y*2)
§ D0 1305 1850 MOVL (SP)+, R : RS = pointer to A2
g g 6§ro 1308 185 SUBH (RS), RO : RO/R3 = Q(Y*2) = A2/4
SO 10 A g 63FD 13DC 185 SUBHS RO, 16(RS), RO : RO/R3 = HCOS(Y)
0065 31 } s } 24 BRW CHECK
64 65 60FD 13E5 1855 2%: ADDH (RS), (R&) : (R4) = ¥
50 64 ?4 65FD 1369 1 59 MULH (R&), (R4), RO : RO/R3 = Y*2
S DD 13EE 185 PUSHL RS : Save pointer to YLO
FO39 CF  OC 50 75FD 13F 1858 POLYH RO ccoskeuc1-1. COSTBC1; RO/R3 = HCOS(Y)
56 BE DO 13F7 185 MOVL  (SP)+, R : RS = pointer to YLO
50 aoog 8F AC 13FA 18680 XORW  #*x8000, RO : RO/R3 = =HCOS(Y)
048 31 13FF 1861 BRW CHECK
1402 1 6§
140 136
1402 1864 : ,
1402 1865 ; Polynomial evaluation for =HSIN(Y)
140 1366 ;
1402 1867
1402 1868 N_SIN_C:
65 65 72FD 1402 1869 MNEGH  (RS), (RS) : (RS) = =YLO
64 8000 BF AC 1406 1870 XORW  #*x8000, (R&) : (R4) = =YHI
1408 1871
1408 187; 3
1408 1873 ; Polynomial evaluation for HSINC(Y)
1408 1874 :
1408 1875
140B 1876 P_SIN_C:
76 65 64 61FD 1408 1877 ADDH3  (R4), (RS), =(SP) ; Save Y
SO 6E 6F 65FD 1412 1878 MULHZ  (SP), (SP). RO : RO/R3 = Y2
S D 141 1879 PUSHL RS : Save pointer to YLO
FIC2 CF OD 50 75FD 1417 1880 POLYH RO, #SINLENC=1, SINTBC ; RO/R3 = P(Y*2)
55  8E 1416 1881 MOVL  (SP)+, RS : RS = pointer to YLO
50 6F 64FD 1451 188% MULH2  (SP), RO : RO/R3 = Y*P(Y*2)
6E 65 7DFD 1425 188 MOVO (RS), (SP) : (SP) = YLO
0B 13 1429 1884 BEQL 1$ : Check for YLO = 0
65 02 A2 1428 1885 SUBW  #2, (RS) : (RS) = YLO/4
6E 65 62FD 14 5 1886 SUBH2 (RS), (sP) i (SP) = 3/4*YLO
50 6E 60FD 14 1887 ADDHZ2  (SP), RO : RO/R3 = 3/4*YLO + Y*P(Y*2)
6E ~ 10 AS 7DFD 1436 1588 18: MOVO  16(R5), (SP) i (SP) = YHI
10 AS 02 A2 14;& 1889 SUBW  #2, 16(RS) : 16(RS) = YHI/4
6E 10 AS 62FD 143F 1890 SUBH2  16(RS), (SP) i (SP) = 3/4%YHI
50 BE 60FD 1444 1891 ADDH (SP)+, RO : RO/R3 = HSIN(Y)
00 11 1448 1 9; BRB CHECK
144A 189
144A 1894
144A 1395 CHECK: .
SE 55 D1 144A 1 99 CMPL RS, SP ; If RS and SP are equal than the
03 18 144D 189 BNEQ 1% : the polKnonial was invoked via
SE 20 CO 144F 1898 ADDL #32, SP : a branch instruction an the
05 1452 1899 1§%: RSB 3 stack should be cleared
14535 1900
1453 1901
145 190;
145 190
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N_SIN_D:
P_SIN_D:

CHECK_DEG:
CMP

1$:

BEQL
PUSHL
POLYH
XORW
MOVL
BRW

MOVH
BRW

MNEGH

L
BNEQ
ADDL
RSB

(R5), (RS)
(R5), (RS), RO

CHECK_DE
5

R0

(SP)+,
(RS), RO
#6, (RS)
(RS), RO

R5, SP
1%
#16, SP

E 10
ine, Cosine and Sincos 1g-§EP

cwn

G

#SINDLN, SINDTB
+, RS

AL R TR TR TR T

-1984 01:39:11 VAX/VMS Macro V04-00 P
-1984 ?1:35: 0 L[MTHRTL.SRCIMTHHSINCO.MAR;1 -
Check for Y = 0

= =HCOS(Y)
Restore pointer

; RO/R3 = HCOS(Y)

; (R5) = =¥
; RO/R3 = y*2

Save pointer
RO/R3 = P(Y*2)
Restore pointer
RO/R3 = Y+*P(Y*2)
(RS) = Y/2*6
RO/R3 = HSINC(Y)

If RS and SP are equal than the
the pol‘nomial was invoked via
a branch instruction an the
stack should be cleared

e 45
(26)

1
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MTHSHSINCOS s Floatine Point Sine, Cosine and Sincos 16=-SEP-1984 ? 9:11 VAX/VMS Macro V04=00 ge 43
2-007 DEGREE_POLYNOMIALS 6=SEP=1984 5:20 [MTHRTL .SRCIMTHHS INCO.MAR; y P (28)
1 1893
1 1994
} 1335 .SBTTL DEGENERATE_SOLUTIONS
1 1 99 P_ONE:
) & ;s Answer 1s
SO 08 70fD 1 199 MOVH #, RO A is 1
0 } 1§§° RSB
1557 1
1557 8; N_ONE :
50 EBO&4 CF 70FD 1557 MOVH H_M1, RO ; Answer is =1
o g N
1336 5000 UNFL
155E 803 ;
}%;E ?0 : Underflow; if user has FU set, signal error. Always return 0.0
5¢ DC 155 811 MOVPSL s : R2 = user's or jacket routine's PSL
00000000°'GF 00 Fg 156 015 CALLS l G MTHSSJACKET_TST ; RO = TRUE if JS fron jackct routine
04 SO S 156 01 BLBC 10% : branch if user did J
52 04 AD 3C 156A 2014 MOVZWL sriu SAVE_PSW(FP), R2 : get user PSL saved b‘
50 D& 1568 015 10s8: CLRL RO : RO = result, LIBSSIGNAL uill save in
}g;o 8}? : cn;%L MCH_RO/R1 so any handler can
: XU
Op S2 06 E1 1570 2018 BBC #6, R2, 20% : has usgr enabled floatin? undorflow'
6E DD 1574 2019 PUSHL  (SP) ; yes, return PC from spec al rout ne
7E O00'BF 9A 1576 2020 MOVZBL #MTHSK_FLOUNDMAT, =(SP) ; trap code for hardware floati na
157A 2021 : underflow convert to MTHS_FLOUNDMAT
157A 20 g : (32-bit VAX-11 excogt1on code)
00000000 GF 02 FB 157A 02 CALLS #2., G*MTHSSSIGNAL ; signal (condition, PC
05 1581 2024 20%: RSB : return
1582 2025
1582 2026 .END




MTH
Syn
ERF
GEQ
GEQ
GTR
HSI
S
S
MT¥
MTk
MTE
MTH
MTH
ONL
POS
X
PSE
M1
Pha
Ini
Con
Pas
yn
as
yn
S¢
Cre
As¢
h
1
h

4 01:39: AX/VMS Macro V04=00 P 47
gk ?1:35:}& !HTHRTL.SRCJHTHHSINCO.HAR:1 D (28)

6=-SEP-19
6-SEP-19

6 10

Cosine and Sincos 1

; Floating Point Sine,

MTHSHSINCOS
Symbol table
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MTHSHSINCOS
Symbol table

SMALL ~COSD
SMALL-SIN
SMALL-SINCOS
SMALL-SINCOSD
SMALL -SIND
SUBTRACT

UNFL

W_ADJUST
WMAX_WE IGHT

W_TERM WEIGHT
W_YLO_QEIGHT

i
X_1_0V_45

PSECT name

$ABSS
_MTHSCODE

Phase

Initialization

Command processing
Pass 1

Symbol table sort

Pass 2

Symbol table output
Psect synopsis output
Cross-reference output
Assembler run totals

The worki
46029 bytes

H 10
; Floating Point Sine, Cosine and Sincos 16-SEP-1984 01:39:11
v §-SEP-198: 3113000 ¥

02

VDVDDDVDVDDVDDVDDDOD
jolelelelelals olel=]

O S OO0ONIM N0 > VO OO OMMOoO

trecnccvoccces -
! Psect synopsis !

.................

Allocation PSECT No. Attributes
00000000 ( 0.) 00 ¢ 0.) NOPIC WUSR CON ABS LCL N
00000000 ( 0.) 01 C 1.) NOPIC USR CON ABS LCL NOS
00001582 ( 5506.) 02 ¢ 2.) PIC USR CON REL LCL S
bperescesercecsceesrcsssoscess +
i Performance indicators i

Page faults

32 8508588.31 88300301.05
3 00:06-5¢ ;88;§3:°3
5 BRaR R
4 B §85885§8:§§
ao§ §§§oo§1§§§§ §§§§§§4§528

536 Limit was 1050 pages.

(90 pages) of virtual memory were used to buffer the intermediate code.
There were 20 pages of symbol table space allocate

2086 source Lines were read in Pass 1, producing &
10 pages of virtual memory were used to define

to hold 200 non-local and 68 local symbols.
object records in Pass 2.
macros.

AX/VMS Macro

MTHRTL.SRC

HR  EXE
HR  EXE

ro V04-00 Page
JMTHHSINCO.MAR; 1

OSHR NOEXE NORD NOWRT NOVEC BYTE

RD WRT NOVEC BYTE
RD NOWRT NOVEC LONG

48
(28)

MTH
VAX

Mac
82
06
The

MAC
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MTHSHSINCOS ; Floating Point Sine, Cosine and Sincos 16-SEP-1984 01: AX/VM o V04-00 Pa 9
VAX=11 Macro Run Statistics ’ 2-5 P=-1984 ?1 gg }8 !HTH - TH HSINCO.MAR;1 > (38)

L ek 4

i Macro Library statistics !

Macro Library name Macros defined
_$2558DUA2B:[SYSLIBISTARLET.MLB;2 5
131 GETS were required to define 5 macros.

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

wef






