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+EACILHV: MATH LIBRARY
ABSTRACT:

MTHSGSIN and MTHSGCOS 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.
MTHSGSIN_R7 and MTHSGCOS_R7 are special routines which are the same
as MTHSGSIN and MTHSGCOS™ except a faster non-standard JSB call is
used with the argument in R0 and no registers are saved.

MTHSGSINCOS 1is a routine which returns the floating point sine and
cosine value of its single precision floating goint radian argument.
The call is standard call-by-reference, MTHSGSINCOS_R7 is a special
routine which is the same as MTHSGSINCOS, except a faster non-
standardeSB call is used with the argument in RO and no registers

are saved.

MTHSGSIND and MTHSGCOSD are functions which return the floating point
sine or cosine value of their single Yrocision floating point argu-
ment (dcgro s). The call is ;tandar call=by-reference.
MTHSGSIND _R7 and MTHSGCOSD_R7 are special routines which are the same
as MTHSGSIND and MTH$GCOSD™ except a faster non-standard JSB call is
used with the argument in R0 and no registers are saved.

MTHSGSINCOSD is a routine which returns the floatina point sine and
cosine value of its single precision tloatlna goint e;ree argument.
The call is standard call-by-reference. MTHSGSINCOSD_R7 is a special
routine which 1s the same as MTHSGSINCOSD, except a faster non-
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S = Radian arguments 6-SEP=1984 11:24:04 [MTHRTL.SRCIMTHGSINCO.MAR;1
SBTTL MTHSGSINCOS - Radian arguments

=B
—
T,
o —
oo
(7]
& =
oD

FUNCTIONAL DESCRIPTION:

The GSIN, GCOS and GSINCOS routines are based on octant reduction. Given an
argument, x, it is written in the form

x = [1«(2epi) + [n(pi/4) + Y1,

il il el i=l=lelelelaleleleleleleleleleleleleleleleleleleleleleleele =)
AONININLNININI NN NN NN NI NN NN NN NI NN NI NN NI N NONININONINONININONONORNONONONUN) et
mmmmmmmmmmmmmmmmmmmmmmmMmmmmmmmmmmmmmmmMmmmmmmm
[=lelelelelalelelelelelalatalelelelelelelclelelaleclelalelelelelelelalelelelelelelelelelele)
O NS LN = OO 00 NON N SN NN = O O 00 N O VN 85 AN = OO 00 0NN B LN — O 0 00 IO VN 8~ Wil

PORINOIRNINININ) = b e b e e = ek . O O O O O O OO OO VOV VOOV O OVOOVY

LN Ul U N N N U N A A U LA U N U N NN N N N N N N

LA TR TR PR TR PR FEFE PEFE FEFE PR FPE PR PR FE PR PR PR PR PR PR TR PR TR PR T TR FE R TN T

where |1 and | are

integers1t0f=< I <8 and 0 =< Y1 < pi/4. Since GSIN and

GCOS have a period of 2+pi ollows that
GSIN(x) = GSIN(I*(pi/4) + Y1)) and
GCOS(x) = GCOS(I+(pi/4) + Y1)),

the

Usin? the trigonometric identities for the sum and difference of two angles,
ollowing table can be generated:

If1= then GSIN(x) = and GCOS(x) =

0 GSIN(Y1) GCOS(Y1)

1 GCOS(ei/‘-V1) GSIN(pi/Za=Y1)

§ GCOS(Y1) =GSIN(Y1)
GSIN(ci/‘-Y1) =GCOS(pi/&=Y1)

. =GSIN(Y1) =GCOS(Y1)

5 =-GCOS(pi/é&=Y1) =GSIN(pi/&=Y1)

) =GCOS (Y1) GSIN(Y1)

7 =GSIN(pi/&=Y1) GCOS(pi/a=Y1)

Let Y be defined as Y = Y1 if | is even and Y = i
each entry of the above table is of the for +/=-GSIN(Y) or +/=-GCOS(Y).

on the above remarks, the GSIN, GCOS and GSINCOS routines process the input
argument x, to obtain | and Y, and based on | selects a suitable polynomial
ion, p(Y), to evaluate the desired fuction.

approximat

INPUT PARAMETERS:
LONG 4
X

5. 7.2

: - 1+LONG : x_is input angle in radians
sine = §'LONG : sine is GSIN(x)
cosine = 3*LONG ; cosine is GCOS(x)

is odd, then
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S = Radian arguments 6=-SEP=1984 cro V04-00 Page 9

1:24:06 [MTHRTL.SRCIMTHGS INCO.MAR: 1 (7

B
p—y
=™,
o —
o0
(%21

tin
INC
E
£ 358
E 0 3
E 1 ; Return sine and cosine of argument
i
00FC E 3S LENTRY MTHSGSINCOS, *“M<R2, R3, R4, RS, R6,R>
E 39 MTHSFLAG_JACKET
6D 00000000°'GF  9E § E MOVAB  G*MTHSSJACKET_HND, (FP)
E ; set handler address to jacket
E9 : handler
E9
[ 38
50 04 BC SOFD (3] 39 MOVG ax(AP), RO
0000036E'EF ~ 16 02EE 340 JSB MTH$GSINCOS R7
08 BC S0 7D O02Fé& 41 Mova RO, @sine(AP)
¢C BC 52 7D 02F8 4§ MOvaQ R2, acosine(AP)
04 02FC 4 RET
02FD 44
02FD 45
02FD 46
02FD 47 LSBTTL MTHSGSIN
02FD 48
02FD 49 :
02FD 50 ; Return sine of argument
02FD G
02FD S;
02FD 5
00FC 8 ;? gg ENTRY MTHSGSIN, “M<R2, R3, R4, RS, R6, R
8 ;: 56 MTHSFLAG_JACKET
6D 00000000 GF 9E Q2FF MOVAB G*MTHSSJACKET_HND, (FP)
8 06 ; set handler acddress to jacket
306 : handler
0306
0306 57
50 04 BC SOFD 0306 58 MOVG ax(AP), RO
00000468 EF ~ 16 ogoa 59 JSB MTHSGS IN_R7
04 031 60 RET
1 61
1 6;
1 6
31 64 .SBTTL MTHSGCOS
1 65
1 6? 3
§ } 2 ; Return cosine of argument
8 B
00FC }‘ ;1 LENTRY MTHSGCOS, *M<R2, R3, R4, RS, R6, R
}2 75 MTHSFLAG_JACKET
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MTHSGSINCOS ating Point Sine, Cosine and Sincos 16=-SEP & 01:30: AX/VMS v04-00 Page 10
2-03 hmi tos 2 ]33 ? 3 32 !nnm TMTHGS INCO. MAR; 1 ’ (9)f
60 00000000°'GF  9F 14 MOVAB  G*MTHSSJACKET_HND, (FP) %
18 ; set handler address to jacket ;
18 ; handler ;
18 |
18 74
50 04 BC SOFD 18 75 MOVG ax (AP) |
000004FA'EF ~ 16 79 JSB musecés ar |
04 9 ;l RET l»
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5-00% ATHSGSINCOSD = Degrees S3EP-1980 01:32:88 PATARTS Sacno w08 00s mans1 PO9°
; ? LSBTTL MTHSGSINCOSD - Degrees
7
7 5 :
; g s FUNCTIONAL DESCRIPTION:
7 9 5 The GSIND, GCOSD and GSINCOSD routines are based on octant reduction. Given
; : an argumert, x, it is written in the form
; 9§ ; x = J1+360 + [+45 + Y1,
7 91 E where |1 and | are intogers 0 =< ] <8 and 0 =< Y1 < 45. Since GSIND and
; gi ; GCOSD have a period of 360 it follows that
8 7 94 E GSIND(x) = GSIND(I*4S5 + Y1) and
§ ; 35 : GCOSD(x) = GCOSD(I*45 + Y1),
7 9? E Usin? the trigonometric identities for the sum and difference of two angles,
8 ; gg : the Tfollowing table can be generated:
og ; 28? § 1f1= then GSIND(x) = and GCOSD(x) =
83 7 aog ; 0 GSIND(Y1) GCOSD(Y1)
0327 403 ; 1 GCOSD(45-Y1) GSIND(45-Y1)
0327 404 ; i GCOSD(Y1) =-GSIND(Y1)
0327 405 ; GSIND(45-Y1) -GCOSD(45-Y1)
Oi 7 406 ; 4 -GSIND(Y1) -GCOSD(Y1)
0327 407 ; 5 -GCOSD(45-Y1) -GSIND(45-Y1)
0327 408 ; 6 -GCOSD(Y1) GSIND(Y1)
8% ; 2?8 f 7 -GSIND(45-Y1) GCOS(45-Y1)
0357 411 : Let Y be defined as Y = Y1 if I is even and Y = 45 = Y1, if I is odd, then
83 7 ‘1§ ; each entry of the above table is of the for +/=-GSIN(Y) or +/-GCOS(Y). Based
327 413 ; on the above remarks, the GSIND, GCOSD and GSINCOSD routines process the input
Og 7 414 ; argument x, to obtain | and Y, and based on | selects a suitable polynomial
83 ; 2}2 3 lpproxinat*on. p(Y), to evaluate the desired fuction.
0327 417
00000004 0327 418 LONG = &
00000008 0327 419 sind = g'LONG
0000000C 03%7 650 cosd = S+*LONG
0327 421
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Point Sine, Cosine and Sincos 12-SEP-19 4 ?1: 0:46
SD =D - 1:

ENTRY MTHSGSINCOSD

1 3
AX/VMS Macro v04-00
SEP=-1984 4:06 [MTHRTL.SRCIMTHGSINCO.MAR;1

“M<R2, R3, R4, RS, R6, R7>

MTHSFLAG_JACKET

MOVAB

MOVG
JSB

Mova
Mova

RET

ENTRY MTHSGSIND

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

: handler
axX(AP), RO
MTH$GSINCOSD R7
RO, @sind(APY
R2, acosd(AP)

“M<R2, R3, R4, R5, R6, R?>

MTHSFLAG_JACKET

MOVAB

MOVG
JSB

RET

.ENTRY MTHS$GCOSD

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

AX(AP), RO
MTHSGSIND_R7

*M<R2, R3, R4, R5, R6, R7>

MTHSFLAG_JACKET

MOVAB

MOVG
JSB

RET

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

aX(AP), RO
MTHSGCOSD_R7

e g,
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.SBTTL MTHSGSINCOS_R?

This routine computes the GSIN and GCOS of the G-format value of RO/R1. The
computation is performed one of three ways depending on the size of the
input argument, X:

1) If iXi < pi/&, then X is used directly in polynomial approximation
of GSIN and G(OS.

2) If pi/& =< ixi < 9*pi/4, then the subroutine REDUCE_MEDIUM is called
to reduce the argument to an equivalent argument in radians, Y, and
the octant, | containin? the argument. Y is then evaluated in two
gol nomials chosen as a function of I, to compute GSIN(X) and GCOS(X).

3) 1f 9*pi/4 =< iXi, then the subroutine REDUCE_LARGE is called to

reduce the argument to an equivalent argument in cycles, Y, and the

octant, I, contanining the argument. Y is then evaluated in two

polynonia[s chosen as a function of I, to compute GSIN(X) and GCOS(X).

MTHSGSINCOS R7::
MovG

AR T A T A TE AT ETE PR TR TR TE PR T 2

e et o  a g ua Yy
000000000 000000 CO0CO00 NN NN NN NNNNOOOONONONOONONON VYWV
NN = © O 00 IO N 8~ () = © 0 00 O~ W 5 LN = OO 00 ~IO~ W1 I L) — OO 00~

6E
25
3
6E
gE
E
6E
6E
6E
6E
6E
6E
6k
036E
036E
0§6E
036E
S6E
56 50 SOFD 3?5 RO, R6 ; R6 = X
10 ~ 18 03 BGEQ  POS_SINCOS :
0000037F "EF 16 0374 JSB SINCOS ;s RO/RT1 = GSINCiXi), R2/R3 = GCOS(X)
S0 S0 S2FD 037A MNEGG RO, RO ; RO/R1 = GSIN(X)
05 037¢ RSB
037F
g7f SINCOS:
50 8000 BF AA 7F BICW #*x8000, RO ; RO/R1 = x|
384 POS_SINCOS :
50 FC7F CF S1FD 0384 CMPG G Pl OV_ 4, RO : Compare pi/4 with iX!i
31 14 0Q38A BGTR SMALC_SINCOS : No argument reduction is necessary
50 FC7F CF S1FD 038C CMPG G _9_PT_OvV_4, RO ; Compare 9*pi/4 with iX!
03 18 0392 BGEQ 13
00AE 3 8%3? BRW LARGE _SINCOS ; Use special logic for iX: > 9*pi/4
8397 :
gg; 28 s pi/& =< (XiI < 9*pi/4
00000685'EF 16 8397 493 1s JSB REDUCE _MEDIUM : Medium argument reduction routine
0390 494 : R4/R7? = Y = reduced argument
8390 495 : R2 = octant
7€ 54 70FD 0390 496 MOVO R4, -(SP) ; Save reduced argument on stack
52 DD O03A1 497 PUSHL R2 ; Save octant bits on stack
OOOOOSIB'EF 16 gAS 498 JSB M_COS : RO/R1 = GCOS(X)
52 E _DO A9 499 MOVL (SP)+, R2 : R2 = Octant bits
;4 8 7DFD A 0 MOVO (SP)+, R4 : R4/R7 = reduced argument
E 70 1 MOva RO, -(SP) : Save GCOS(X) on stack
00000496 'EF 16 ; JSB M SIN : RO/R1 = GSIN(X)
52 BE 7D B8 0 ova (SP)+, R2 ; R2/R3 = GCOS(X)
05 388 Og RSB
ggg §9 ; Logic for small arguments. X! < pi/4.
8D Og
D 509 SMALL_SINCOS: .
50 4000 8F B B8 10 CMPW  #°X4000, RO ; Compare 1/2 with X! :
19 C " BLSS $ : Sufficent overghang not available
50 3E60 BF ?1 C li CMPW #*x3E60, RO ; Compare with 2%-27"
2B 8 (9 1 BGEQ 1% : No polynomial evaluation is needed
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2-00% MTHSGS] ucas a} 6-SEP-19SA ?1 34 02 !HTHRTL SRCIMTHGSINCO.MAR; 1 ’ (10)
6 SO0 70 (8 51 MOVQ RO, ng : R6/R? = IX!
¢ 56 56 4SFD c§ 1 MULG3 ae R n4 : R4/RS = XeX
; & 7 D 19 Mova Put X+*X on stack
FCDB CF 2 & SSFD 0306 51 POLYG RL :c05L£nn1 1, COSTBR1: RO/R] = 6COS(X)
4 8 7 03D 13 MOVQ (8# i RG/RS = X#X
3 70 03 1 MOVQ (s P) ; Ssve GCOS(X) on stack
FD4LE CF & SSFD O3 0 POLYG R4, csluLena-1. SINTBR : RO/R1 = a(xﬁz)
6 44FD O03EA 1 MULG2 Ré6. RO ; n8/a1 = -?(X‘Z)
6 4OFD O3E g ADDGZ Ré, RO : RO/R1 = GSIN(X)
£ gg F : gggo (SP)+, R2 i R2/R3 = GCOS(X)
5
52 08 sorg rg 9 18: MOVG  #1.0, R2 : RO/R1 = X, R2/R3 = 1.0 = GCOS(X)
;a 8 RSB
FB
TE S50 70 FB 0 2%: MOvQ RO, =(SP) : Save ix! on stack
& 50 S6FD rs 1 CVIGH RO, R& : R4/R7 = X!
& 54 9450 40 § MULH2 R4, Ré i R4/R7 = x*g
2 564 76FD 0406 g CVTHG R4, R2 : R2/R3 = X*
143 2 1 840A 4 MOva R2, =(SP) : Save X*2 on stack
7; & 7D 04900 g 5 Mova RL. =(SP) ; Save high half of X*2 on stack
FCE1 CF g 2 SSFD 419 gc POLYG R2, WCOSLENR2-1, COSTBR2; RO/R1 = G(Y*2)
4 ge 7? 41 §37 MOVQ (sﬁ)o R : R&/R7? = Y*
& B7 041A sga DECW P R&/R? = Y*2/
5¢ 08 gzro 41C 539 SUBH2 01. R4 i RG/R? = ¥*2/2 = 1
50 SO S6FD 0420 540 CVIGH RO, RO : RO/R3 = Q(Y*2)
go 54 62FD 0426 541 SUBH2 R4, RO : RO/R3 = GCOS(Y)
0 50 76FD 0428 sai CVTHG RO, RO : RO/R1 = GCOS(Y)
52 65 70 042C 54 MOVQ  (SP), R2 : R2/R3 = X*2
6E SO 7D O042F 544 MOVQ no (sP) : Save GCOS(X) in RS
FCFF CF 06 52 SSFD 0432 545 POLYG ¢s1u ENR=1, SINTBR : RO/R1 = g(x*z)
2 BE 7D 0439 546 MOVQ (sﬁ : R2/R3 = GCOS(X)
50 6F 44FD 043C 547 MULG (sp), no : RO/RY = x-?(x‘Z)
50 BE sosg 222 gzg sggs (SP)+, RO : RO/R1 = GSIN(X)
445 550
445 gSl
a&g s; LARGE_SINCOS: .
00000700'EF 16 044 55 JSB REDUCE _LARGE ; R4/R7 = reduced argument (in cycles)
L4B 554 : R2 = octant bits
DD 044B 555 PUSHL 2 : Save octant bits on stack
_TE 54 7DFD 044D SS? MOVO -(SP) ; Save reduced argument on stack
00000SSB'EF 16 0451 gs JSB L éos : RO/R1 = GCOS(X)
4 E 7DFD 0457 58 MOVO (SP)7, : Reduced argument in R3/Ré
90 458 559 MOVL (SP)# : R% = octant bits
E D 045E gco MOVa -(SP) : RO/R3 = GCOS(X)
oooooace'sr 16 0461 561 JSB L éxu : RO/R1 = GSIN(X)
52 8 5g 22: ggg 22§° (SP)+, R : R2/R3 = GCOS(X)
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2-00% ﬁTHSGSlN,ﬂ? 6-SEP-19SA 91:24:04 !HTHRTL.SRCJHTMGSINCO.HAR:1 v (1)
223 gS SBTTL MTHSGSIN_R?
468 6? ; This routine computes the GSIN ot the G-format value of RO/R1. The
468 63 ; computation is performed one of three ways depending on the size of the
223 90 ; input argument, X:
223 ;1 3 1 l: égiu< pi/4, then X is used directly in a polynomial approximation
: 0 .
468 7§ 3 2) If pi/4 =< ix! < 9*pi/4, then the subroutine REDUCE_MEDIUM is called
468 74 ; to reduce the argument to an equivalent argument in radians, Y, and
468 75 ; the octant, I, containing the argument. Y is then evaluated in a
468 7? s ?oL;nonial chosen as a function of I to compute GSIN(X).
468 {7 : 3) If 9*pi/4 =< (X, then the subroutine REDUCE_LARGE is called to
0468 78 ; reduce the argument to an equivalent argument in cycles, Y, and the
468 ;79 : octant, I, contanining the argument. Y is then evaluated in a
223 Sg? 3 polynomial chosen as a function of | to compute GSIN(X),
0468 Sg; MTHSGSIN R7::
50 S3FD 8468 5 TS1G RO ; Check the sign of RO
10 18 kbs 584 BGEQ POS_SIN :
00000478'§F 16 047 585 JSB SIN : RO/R1 = GSINCiX})
50 0 S2FD 0476 586 MNEGG RO, RO ; RO/R1 = GSIN(X)
05 047A 587 RSB
0i78 389 sin
50 BO00 BF AA 82;8 gg? oln 3 BICW #4%x8000, RO : RO/R1 = iXi
50 FBB3 CF S1FD 0480 S9§ = CMPG G_PI OV 4, RO ; Compare pi/& with iX!
22 14 0486 59 BGTR  SMALLC_SIN : No argument reduction is necessary
50 FBB3 CF S1FD 0488 594 CMPG  G_9_PT_OV_4, RO ; Compare 9*pi/4 with iX! :
38 19 04BE 595 BLSS LARGE_SIN ; Use special logic for iX! > 9+pi/4
0490 397
8238 ggg o pi/Zé =< (X1 < 9vpi/é
00000685'EF 16 0490 600 JSB REDUCE _MEDIUM ; Medium argument reduction routine
0496 601 : R4/R7 = Y = reduced argument
0496 60§ : R2 = octant
07 00 52 BF 0496 605 M_SIN: CASEB R2, #0, #7 : Branch to one of four polynomial
8£9A 604 3 evaluations depending on the
0628' 049A 605 18: .WORD P_SIN_R-1% ; octant bits.
0596' 049C 606 .WORD P_COS_R-1%
0596' 049E 607 .WORD P_COS_R-1%
865 ' 04A 688 .WORD N_SIN_R-1%
623' 04A 609 .WORD N_SIN_R-1%
05DA' 04A4 610 .WORD NZCOS_R-1%
O5DA"* 84A 611 .WORD N_COS_R-1%
0628"' 04A 61; .WORD P_SIN_R-1$
v
04AA 615 ; Logic for small arguments. iX! < pi/4.
Ly
4AA 618 SMALL_SIN: )
50 3E60 BF Bl 04AA 619 CMPW #°X3E60, RO ; Compare with 2%-27
16 18 04AF 6%0 BGEQ 1% : No Bolynonlal evaluation is needed
56 S50 70 04B1 621 MOova RO, Ré ;s R6/R7 = X
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2-002 ﬁrusssxu,ﬂr 6=-SEP-1984 ? 4:06 ([MTHRTL.SRCIMTHGSINCO.MAR;1 ? (11)!
0 50 44D 0uBL 622 MULG2  RO,RO . RO/R1 = XX |
FC79 CF 8 SSFD 4B8 [ POLY RO, #SINLENR=1, SINTBR ; RO/R1 = gq(x*2) !
6 4G4FD 4BF 624 MULG R6, RO : RO/R1 = Xxq(x*2) ;
50 56 QOFg &C; 625 ADDG R6. RO : RO/R1 = GSIN(X) ’
0 4C 6 9 1%: RSB .
4( 6
4C8 608
86( 629 LARGE_SIN:
00000700'EF 16 04C 630 JSB REDUCE _LARGE ; R4/R7 = reduced argument (in cycles)
86CE 631 : R2 = octant bits
54 Dg 4C 6 ; L_SIN: TSTL R& : Check for degenerate case
14 1 §28 g BEQL DEGENERATE_CASE_SIN
07 00 S2 BF 04D 635 CASEB R2, #0, #7
04D6 6 9
06AA' 04D6 637 18: .WORD P_SIN_C-1$
0613' 04D8 638 .WORD P_COS_C-1$
0613' 04DA 639 .WORD PZCOS_C-1%
06AA' 04DC 640 .WORD P ZSINZC-1%
06AS' 04DE 641 .WORD N_SIN_C-1$%
0658' 04EOD 64; .WORD N_COS_C-1$%
0658' 04E?2 64 .WORD N_COS_C-1$%
06AS' 04E4L 644 .WORD N_SIN_C-1$%
04E6 645
04E6 646
04E6 647 DEGENERATE_CASE_SIN:
04E6 648
52 01 BA 04E6 649 BICB #1, R2 ; Compute index as (R2 - 1)/2
52 52 FF BF 9C 04E9 650 roTL  #-1, R2, R2
00 52 8F 04E 651 CASEB R2, lO 03
04F 65%
07AC' 04F 653 1% .WORD P_ONE~-1%
07BB*' 04F& 654 .WORD URFL -1%
07B1*' 04F6 655 .WORD N _ONE-1%
0788 (04F8 656 .WORD URFL =1$%
O4FA 657
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4FA 659
4FA 660
2;: 821 +SBTTL MTHSGCOS_R7
4FA 66§ : This routine computes the GCOS of the G-format value of RO/R1. The
4FA 664 ; computation is performed one of three ways depending on the size of the
2:: ggs : input argument, X. The processing is the same as described for MTHSGSIN_R4.
4FA 669
4FA 668 MTHSGCOS R7::
S0 S3FD OQ4FA 669 TST6 RO ; Check for reserved operand
SO 8000 8F _AA 84F 670 BICW #*%8000, RO ; RO/R1 = X!
50 FBO1 CF S51FDp 050 671 CMPG G_PI _OV_&, RO ; Compare pi/& with X!
22 14 850 67§ BGTR SMALC_COs ; No argument reduction is necessary
S0 FBO1 CF S1FD O0S0A &7 CMPG 6_9_PT OV_4, RO ; Compare 9*pi/4 with iXi
40 19 82} g;g BLSS LARGE_COS ; Use special logic for X! > 9*pi/4
051 676 ;
82} g;g s piZ& =< (XI < 9*pi/4
00000685'EF 16 0512 679 JSB REDUCE _MEDIUM ; Medium argument reduction routine
0518 680 ; R4/R7 = Y = reduced argument
0518 681 ; R2 = octant
07 00 52 8F 0518 68§ M_COS: CASEB R2, #0, #7 ; Branch to one of four polynomial
051C 68 3 evaluations depending on the
0514' 051C 684 18: .WORD  P_COS_R-1% :  octant bits.
05A1"' O51E 685 LWORD N_SIN_R-1%
05A1" 0520 636 .WORD N_SINZR-1%
0558' 0522 687 .WORD  N_COS_R-1%
0558 85 & 688 .WORD N_COS_R-1%
05A6' 0526 689 .WORD P_SIN_R-1%
05A6' 0528 690 .WORD P_SIN_R-1%
0514"' 0524 691 .WORD P_COS_R-1%
052C 69§
052C 693 ;
052C 694 ; Logic for small arguments. iXi < pi/é4.
052C 695 ;
052C 696
052C 697 SMALL_COS:
50 4000 8F B1 052C 698 CMPW  #*X4000, RO : Compare 1/2 with iXi :
07 18 0531 99 BGEQ 1% : Sufficent overghang is available
54 50 S6FD 0533 00 CVIGH RO, R& : R4/R7 = X}
0502 31 0537 701 BRW NEEDS_DOUBLE ; Use special logic to obtain overhang
50 3E60 8' ?1 sgA 78§ 1$: CMPW  #*X3E80, RO ; Compare with 2%~
C 8 O053F 7 BGEQ c$ : No Rolynomial evaluation is needed
50 S50 44FD 0541 784 MULG2 RO,RO ; RO/R1 = X=X
FB6C CF 07 50 S55FD 0545 705 POLYG RO, #COSLENR1-1, CCSTBR1; RO/R1 = GCOS(X)
40N .
S0 08 SOFD 054D 708 2%: MOVG #1.0, RO : RO/R1 = 1,0 = GCOS(X)
05 0551 709 RSB
55 710
55 14}
55 71; LARGE _COS:
00000700°EF 16 055 " JSB REDUCE _LARGE : R4/R7 = reduced argument (in cycles)
55 714 : R2 = octant bits
54 D5 055 715 L_COS: TSTL R& ; Check for degenerate case
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MTHSGSINCOS : Floating Point Sine, Cosine and Sincos 16-SEP-1984 01: AX/VMS o V04=00 P 1 MTH
3-00% ATHSGCOS A7 S-3EP-108¢ T1:30:08 EMYamTs SacsarNoeTn0o mar:1 P29 (1% 2-0(
R sge ;}? BEQL  DEGENERATE_CASE_COS
07 00 52 B8F és 713 CASEB  R2, #0, #7
589° 2 719 18: .WORD  P_(0S_(-1%
620" g 720 .WORD P SINTC -1s
213' 64 721 .WORD NZSINTC-1%
CE® ssg 7 i .WORD  NZCOS-C-1%
SCE' 0568 7 .WORD  N-COS-C-1%
618" 056A 724 .WORD N_SINTC-1%
ogsg' 56C 725 JWORD PSINTC-1%
0589' 056 7 9 .WORD  P-COS-C-1%
857 7
570 728
§§; ; 3 DEGENERATE _CASE_COS:
¢ O 8A 057 731 BICB #, R2 : Compute index as (R2 = 1)/2
s2 52 FFBE 9C 0573 7% ROTL  #-1. R2. R2 .
3 00 52 BF 82;3 ;g‘ CASEB  R2, #0, #3
072€' 057C 735 18%: .WORD  UNFL -1%
0757' 0576 73% .WORD N _ONE-1%
07 5' 0580 737 .WORD URFL ~-1%
0722' 0582 738 .WORD P_ONE-1$
0584 739
!
|
|
_ R L S, Foi
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input argument, X:

tin in
INCOSD_R?
586 741
584 74;
S84 74
584 746
584 745
584 76?
584 74
584 748
586 749
586 750
58¢ 791 octant, I, containing the argument.
8534 ;E; Eol nomials chosen as a function of I, to compute GSIND(X) and
584 CosSD(x). -
0584 754
0584 755 MTHSGSINCOSD_R7::
50 S3FD 0584 759 1STG RO
10 18 0587 75 BGEQ SINCOSD
S0 B000 8F AA 0589 758 BICw #*x8000, RO ; RO/R1 = X!
00000599 'EF 16 0S5S8E 759 JSB SINCOSD ; RO/RY1 = GSIND(iX})
0594 760 : R2/R3 = GCOSDCiX})
50 S50 S2FD 0594 761 MNEGG RO, RO ; R2/R3= =GSINDC(iX!)
05 0598 76; RSB
0599 76
0599 764 SINCOSD:
SO FA92 CF S1FD 0599 765 CMPG G 45, RO ; Compare 45 to X!
26 14 059F 766 BGTR SMALL _SINCOSD ; special processing for small arg
00000974 "EF 16 05A1 767 JSB REDUCE _DEGREES : RglR? = reduced argument
05A7 758 : R3 = octant
7€ Sg 70 O0SA7 769 Mova R6, =(SP) ; Save reduced arg
5 DD O05AA 770 PUSHL RS ; Save octant bits
O000006SE'EF 16 O0SAC 77 JSB EVAL_COSD : RO/R1 = GCOSD(Y)
53 B8t DO 0582 77; MOVL (SP)¥, R3 : R3 = octant bits
56 6 70 0585 77 MovaQ (SP), R6 : R6/R7? = reduced argument
6E 50 7D 0588 774 MOva RO, (SP) ; Save GCOSD(Y)
00000605'EF 16 0588 775 JSB EVAL_SIND : RO/R1 = GSIND(Y)
52 8E 70 0501 776 Mova (SP)¥, R2 : R2/R3 = GCOSD(Y)
05 85(6 777 RSB
5C5 778
v5Cs 779
05(5 780 SMALL_SINCOSD:
SE 10 (2 05¢5 781 SUBL #6, SP ; Allocate 4 longwords on stack
66 50 7p 05C8 78§ MovaQ RO, (SP) ; Save argument
00000672'EF 15 05(B 78 JSB SHALh CosD : RO/R1 = GCOSD(.X!})
08 A 0 7D 8501 786 MOva RO, 8TSP) ; Save GCOSDCiXi)
S E 70 0505 785 MOVQ  (SP)+, RO ; RO/R1 = argument
00000619'EF 16 0S5D8 786 JSB SMALL _SIND : RO/R1 = GSIND(X)
5¢ 8E 7D OSDE 787 MOva (SP)+, R2 : R2/R3 = GCOSD(iX!)
05 0561 788 RSB

6-SEP=19

the argument to an equivalent argument

C &
t Sine, Cosine and Sincos 16-SEP-19ga ?1:30:‘6 ¥AXIVHS Macro V04=00
04 MTHRTL .SRCIMTHGSINCO.MAR; 1

4 11:24:

SBTTL MTHSGSINCOSD_R?
: This routine computes the GSIND and GCOSD of the G-format value of RO/R1.
The computation is performed one of two ways depending on the size of the

: 1) If IX: < 45, then X is used directly in polynomial approximation
; of GSIND and GCOSD.

Page

2) If 45 =< ix!, then the subroutine REDUCE_DEGREES is called to reduce
in degrees, Y, and the
Y is then evaluated in two

19
(14)

MTH!
2=0t
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oint Sine, Cosine and Sincos 16=SEP-1984 ? 30 146 YAX/VMS Macro V04=00 Page ‘gg) MTH

MTHSGSINCOS Floating P
2-00& MTHSGS] N09R7 6-SEP-1984 4:04 [MTHRTL.S J THGSINCO.MAR; 1 2=0
§E ;3? LSBTTL MTHSGSIND_R7
SE 79§ ; This routine computes the GSIND of the G-format value of RO/R1. The
SE 795 ; computation is performed one of two ways depending on the size of the input
gE ;gg ; argument, X:
§SE ;g? : 1 l: éxi ; 45, then X is used directly in polynomial approximation
: 0
Ogi 798 ; ) If & § =< ixi, then the subroutine REDUCE_DEGREES is called to reduce
SE 799 . the argunent to an equivalent argunent in degrees, Y, and the
SE 00 ; octant, containing the argumont. is then evaluated in two
§E 81 3 polynonia[s chosen as a function of I, to compute GSIND(X).
0SE Og MTHSGSIND R7::
SO S3FD OSE 04 1816 RO : RO/R1 = X
10 18 0S5ES 05 BGEQ POS_SIND H
000005F2"EF 16 O0SE?7 09 JSB NEG_SIND : RO/R1 = GSINDC(iX:) ,
50 50 S2FD OQSED 0 MNEGG RO,"RO ; RO/R1 = =GSINDC(iX!) |
05 O0SF1 808 RSB
0SF 809
05F 310 NEG_SIND:
50 8000 8F AA OSF 1 BICW #*x8000, RO : RO/R1 = X! |
0S5F 81; POS_SIND:
SO FA34 CF S1FD OSF7 81 CMPG G 45, RO ; Compare 45 to !X! f
1A 14 O0SFD 814 BGTR SHALL SIND ; special processing for small arg
00000974'EF 16 OSFF  B1S JSB REDUCE _DEGREES ; R6/R7 = reducec argument
0605 816 ; R3 = octant
0605 817
0605 818 EVAL_SIND:
07 00 S3 B8F 0605 819 CASEB R3, #0, #7
0679' 0609 820 18: .WORD  P_SIN_D-1%
05A6' 060B 821 -WORD P_COS_D-1%
05A6' 060D 8 g .WORD P_COS_D-1%
0679' 060F 8 .WORD P_SIN_D-1$% ;
0675 0611 824 .WORD N_SIN_D-1% ‘
060A' 0613 825 .WORD N"COS-D-1% |
060A' 0615 826 .WORD  NZCOS”D-1% |
0675' 061 327 .WORD N_SIN_D-1% ;
0619 28
8619 359 t
619 0 SMALL_SIND: i
S0 FA22 CF S1FD 0619 331 CMPG G_SMALLD, RO ; Compare 180/pi*2*=27 with ix! |
06 14 O061F 3§ GGTR 13 ; No polynomial evaluation is '
56 go 70 0621 g; MOva RO, R6 ; necessary
0658 31 0624 4 BRW P SIN_D :
S0 SSFg 627 5 1% TS16 RO ; Check for zero
18 1 86 A 9 BEQL 3% : Return if RO = 0
50 FA2F CF S1Fg 62C CMPG g SMALLEST_DEG, RO : Check for possible underflow on
9; 1 632 gg BLEQ : conversion to radians
06 31 0634 BRW NFL ; Underflow uill occur on conversion
52 SO FA14& CF 45FD 0637 40 2% MULG3 G CONVERT RO, R2 ; R2/R3 = (Ei /180 = 2*=6)*ix!
50 0060 gf A2 06 § 41 SUBW X60, RO : RO/R1 = =6
50 52 40FD 064 ag ADDG2 az ) : n01n1 z csxuo<.x.) = (pi/180) X!
05 0647 45 3% RSB

R e S et Sy S Wi U . —
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.SBTTL MTHSGCOSD_R7
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; This routine conputes the GCOSD of the G-format value of RO. The computation
: is performed one of two ua¥s depending on the size of the input argument, X:
Details are given in the discussion on MTHSGCOSD_R4.

n
D
25
i
49 ;
50
64 S1 MTHSGCOSD R7::
50 64 Si 1876 RO : Check for reserved operand
SO 8000 BF 648 5 BICW l‘ngOO RO : RO/R1 = X!
50 FoDB g: 5152 gg gg gg?g SHALL 3 ; Compare 45 to X! .
00000974'EF 16 2§§ 29 JSB REDUCE _DEGREES 3 Rg/ =treguced argument |
: = octan :
65SE 58
(313 59 EVAL_COSD:
07 00 S3 B&F 655 60 CASE R3, #0, #7
8540' 66 61 18: .WORD P_(0S_D-1$ |
620" 8664 6§ .WORD PCSIN_D-1$ =
061C"* 663 86 .WORD NZSINID-1$ ;
051" 866 64 .WORD NZCOS_D-1$% |
0581' 066A 865 .WORD N_COS”D-1$
061C' 066C 69 .WORD N_SIN_D-1$% -
0620: 066k 86 WORD P SINTD-1$ |
054D" 06 868 .WORD P7COS™D-1$ |
g r
867 871 SMALL_COSD: |
S0 F9C9 CF S1FD 067 87§ CMPG G_SMALLD, RO ; Compare 180/pi*2*-27 with iX! 1
06 14 067 87 BGTR 1% ; Check if polyinomial evaluation is :
56 S0 7D O067A 874 Mova RO R6 3 necessary, 4
052F 31 067D 875 BRW P C0S D : POLY needed |
50 08 SOFD 0680 876 1$: MOVG #7T, RO : RO = 1, = GCOSD(iX}) ;
0S5 0684 877 RSB <
0685 878
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G4

50
50

50

50

50

50

50

F996 gF
2

F986 CF
15

50 50
FOCA CF
04

52 O
52 02
50 50
F9C5 CF
04

52 03
5¢ 04
F964 CF
15

50 50
F988 CF
04

52 05
52 06
50 50
F983 CF
04

52 07
52
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Point Sine, Cosine an
R7

.SBTTL

and tha i/4
in R&IR;.pa

The reduced ar
a binary searc

REDUCE _MEDIUM:
CMPG

BLEQ
CMPG
BLEQ
CVTGH
SUBH3
BGEQ
MOVL
RSB

2%: MOVL
RSB

3$: CVTGH
SUBH3
BGEQ
MOVL
RSB

4s: MOVL
RSB

5%: CMPG
BLEQ
CVTIGH
SUBH3
BGEQ
MOVL
RSB

6%: MOVL
RSB

78: CVTGH
SUBH3
BGEQ
MOVL
RSB

8s: CLRL
RSB

WO~
VIOUO WO VOO OoOwWnmowno

068F
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)
d Sincos 1

REDUCE _MEDIUM

gunent is obtained by locating the octant that X is in through
and then subtracting off a suitable multiple of pi/2

S_PI_OV_4, RO ;
_P1_OV_4, RO

O W

RO
1_0v_2, RO, R4

WA T DNV
- O

-

o

~nN

=
~N
-]
~No

RO, RO

H Pl, RO, R&

(A 1

#3, R2

¥4, R2

7_P1_Ov_4, RO ;

RO
§_PI_ov_2, RO, R4

G
78
RO
H
6%
#5, R2

¥6, R2

RO, RO
H 2_Pl, RO, R4
8%

#7, R2

R2

§-3Ep-198¢ 11:32i0¢ !

; Octant bits

;: R4/R7 = X\
: Octant bits

: Octant bits

; Octant bits

: R4/R7 = IXi
; Octant bits

; Octant bits

AX/VMS Macr
MTHRTL.SRCIMTHGSINCO.MAR;1

; IX1 >= Sepi/é
; 1X) >= 3epi/4
; R4/R7 = IXi
: Octant bits

;XY >= Tepi/é
: R4&/R7 = X!
; Octant bits

This routine assumes that the absolute value of the argument, X,
=< (X! < 9*pi/4&. It returns an h- forma
nd the octant bits in RZ2.

pi/2
001

010
pi
on

100

3epi/2
101

110
2vpi
m

000

0 _V04-00

is in RO/R1
reduced argument, Y,

of
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MTHSGSINCOS : Floating Point Sine, Cosine and Sincos 16-SEP=1984 01:30:46 VYAX/VMS Macro V04=00 Page 24 MTH
2-08% ﬁEDU(E.LA GE 6-SEP-1934 ?1:34:04 !HTHRTL.SRCJHIHGSINCO.HAR:1 ’ (iO); 2=0f
e; .SBTTL REDUCE_LARGE |
F
6F This routine is used to reduce large arguments (iX! >= 9+pi/4) modulo pi/é. |
6F It returns the reduced argument, Y, in R4/R5 in units of cycles, and returns E
; the octant bits, I, in R2. i
g: The method of reduction is as follows: ;
6F x*(4/pi) = 2*nef+(4/pi) where n is an integer and 1/2 =< f < 1 |
6F P 5aln=53)at2453e 108 (4sp]) ’

= (2*53+f) e (2*(n=53)+4/pi)

= K*(C, where K = 2*53+f is an integer and C = 2+(n=53)+*4/pi
Let L = K*C modulo B, where 0 =< L < 8, and let | = the integer(L) and
h = fract(L), then if | is even Y = h, otherwise Y = 1=h

CONSTANTS:

OO WVIWVIWVWVVWAIWVIWAVAS B S0 0
LI PR PR PR PR PR FE PR PR R R TN R N

NN = O 000 NON NI WP = OO 00 NON N SN —

o~
-
380000000000000000““0

0000003D L_INT WEIGHT = “X3D ; weights exponent by 61
00000020 W_TERR WEIGHT = “X20 3 uoights exEoncnt b; 32
00000400 W_MAX QEIGHT = “x400 ; maximum unbiased exponent
00000386 W_ADJOST = *X3B6 ; Used to locate binary point in ’
i MTHSAL_&_OV_PI_V table
964 H_2_T0_32:
00000000 00000000 00000000 00004021 822 LOCTA  *x4021 : *R
967
968

REDUCE _LARGE :

The first step is to_obtain the location of the binary point in the represen-
tation of C = 2*(n=53)+(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*53+f must be obtained.

53 S0 FC BF 9C ROTL #-4, RO, R3 ; Shift exponext field 4 bits ri?ht
53 0386 BF A2 SUBW IU_ADJU§T. R3 ; Unbias exp and adjust for leading
: zo;o:s. R3 = location of binary
3 oin
S 53 Fp BF 9C ROTL  #-3, R3, Ré i pivide R3 by 32 and mull by & to get
S& FFFFFFO3 8F CA BICL  #*XFEFFFFO3, R4 : R& = # of longwords (in bytes) to

binary point,

Sg 80000000'GF D MOVAL  G*MTHSAL_4_OV_PI_v, Rg : R2 = address of RTL vector entrl
5 0000000'GF C ADDL G*MTHSAL_4_OV_PI_V, R2 ; R2 = address of MTHSAL_4&_OV_Pl table
52 54 SUBL R4, R : R goints to 1st quadword of interest
53 EO BF A BICB #*XEO, R3 : R3(7:0) = # of bits within Longword
SO 7FFO BF AA BICW #*°X7FFO, RO ; Clear ex?oncnt field ?
S0 4150 BF A8 BISW #*%46150, RO ; RO = 2%2)\+f |
20 0 4AFD (VIGL RO, RO : RO = High 51 bits of K
519 §1 10 93 ROTL  #16, R1, R1 : R1 = Low 32 bits of K ;
25 1 BGEQ 1% : Check for high bit of R1 set t
D6 INCL RO ; Adjust RO if R1 is negative

[=lelelelelelelelelelelelelelelelelelelelelelelelelelelelelelelelelelelelelelelele el
NNNNNNNNSNNNNNNNNNNNNNNNNSNSNSNNSNSNNNO- OO OO

&8 B ANWNRIWNN NONON) = =2 = 2 OO0 0000000000000 OMTMTMM MMM ™M
il — A« IV T 1o 1o RN S e de Je b B B Q¥ lelelelelelelelelelelelelelelelelelelelelelele]

NOWNES WIN = OV NO\WVS N = OV NS LWIN —=O Y

VOOV O VO OVOVOVOVOVOVOOVOVOVOOVOVOVOOVOOVOOOOO
0 OO OO OO VOO0 C00 NN NN NN NNNNO-

E The next step is to generate an approximation to C, call it C'' to be used
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Point Sine, Cosine and Sincos 16=-SEP-1984 01:30:46 VAX/VMS Macro V04=00 P S | MTHY
E 6'SEP-19gL ?1: 4:04 MTHRTL.SRCIMTHGSINCO.MAR; 1 e (i9)' 2=0(

in computin x'klgi. C'' will consist of the first three integer bits of
C and the first ? fraction bits of (. These bits will he obtained from a
constant stored in the interger array MTHSAL_4_OV_PI_V.

NOTE: The ASHQ, ADDL, and MULL instructions in the follow sections may
result in an 1ntogor 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.

$: MOVPSL =(SP) : Put current PSL on stack i
BICL #-C<PSLSM_IV>, (SP) : (SP) = current IV bit ;
BICPSW #PSLSM_1V : Clear integer overflow bit ‘

The necessary calculation to produce the reduced argumen®t can require up to
nine longwords of temporary work space. This work space will be allocated
on the stack. The work space will be accessed though the use of three
registers: R4, RS, and SP. For the purposes of comments the temporary work
space will be referred to as locations TO though T8. The stack and its
pointers will Look something Like this:

MTHSGSINCOS
2-008

0~ -
™

o™
cCe—-
0
moe
l'__‘.
0
(2]

7€ DC
6E FFFFFFDF BF CA
20 B89

10:
T:
12:
T3:
T4:
T5:
T6:
17:
T8:

Ce=== SP

<==== R4

=== RS

LEA DR PR PR PR DE TR DA DA A TR PE TR PR PR R R R R TR R R PR TN R TN TN N T T
- - -

The following code allocates the storage and sets up the pointers.

SUBL #36, SP : Allocate 9 longwords on the stack
ADDL #16, SP, R4 : R& points to T
ADDL #32, SP, RS : RS points to T8

v

Vs

v
mmm
LY N
[=1=F
alala
—_— s

Get C'' = C(0):C(1):C(2):C(3) in T5/T8. C(0) though C(3) are unsigned
inte?ers generated from the binary representation of C. The high three bits
of C(C) are the the first three bits to the left of the binar; oint of C.
The remaining bits C(0) and C(1) though C(3) are the first 125 bits to the
right of the binarg point of C. Note that the C(i)'s are adjusted to
compensate for their signed (rather than unsigned) interpretation in the EMUL
instruction. Note also that the representation of ( has no more than 15
consequtive ones, so that no carry is possible from the adjustment,

IWAIWAN S 85 85 85 55 8 5 5 5 5 GHIN NN N NN NN N IR RO RO RO RONORORONON) — — — — — — — — = 2 O O OO0 O OO OO OV
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MTHSGSINCOS ; Floating Point Sine, Cosine and Sincos 16-SEP-1984 01:30:46 VAX/VMS Macro v04-00 Pa 6 | MTHY
2-03% REDUCE_ HE a-sep-1934 ?1:34:04 MTHRTL.SRCIMTHGS INCO.MAR; 1 - (%9)1 2=0
: i
i
57 5S¢ O (O ADDL3  #12, R4, R7 3 lnita}}izc loop counter. R7 points }
: ] -
67 62 S3 1 ASHQ R3, (R2), (R7) : Shi;ththecgag?eriguaduord so that {
3 as n
;7 6 SUBL #4, R7 : R7 points te Té '
2 6 2$: SUBL #6, R2 : R2 ?;2:: zoocc;} u:d:?rd in |
f able !
67 62 S3 79 ASHQ  R3, (R2), (R?) ; sh;tg q?lauard'ao;tSai C(n) is in '
: = 0n= AN |
o; 18 BGEQ : Check for high bit of C(n) set
08 A D6 INCL (R7) ; Bit set. Ad?ust C(n=1)
FFEA S7 FFFFFFFC BF 54 F1 38: ACBL R4, #=4, R7, 2% 3 Lo? ggtilhcrg) though C(3) are in
: oug

Generate the low 128 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 T4/T7 with bits 31:29 of T4 the octant bits, and the remaining
25 bits the faction bits of the product. The Last 53 fraction bits (bits

20:0 of T6 and 31:0 of T5) are non-valid fraction bits that will be used
Later if more fraction bits need to be generated.

QO N NNNNNNNNNNNNNNNOOOOAONONONONWVYWVWALLUWA T .
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0000000000000 O00000000000000000000000000O0OCOOOOOOO0

?g}ggply the high order bits of K (R0O) times C'' and store the result in
7 .
6E 00 04 A4 5 7 RO, 4(R4), #0, (SP) : TO/T1 = KHI=C(3)
04 AE 04 AE 0B A4 5 7 EMUL_ RO, B(R4), 4(SP), 4(SP) : TO/T2 = KHI*[C(2):C(3)]
64 OC A4 50 (¢S 07 MULL3 RO, 12(R4J, (R&) : T = Low 32 bits of KHI*C(1)
08 AE 64 (O ;gg ADDL  (R&), 8(SP) : T0/T2 = KHI*C'® modulo 8
7gF ; Multiply the low order bits of K (R1) times C'' and store the result in
; : : T&/T8.
64 00 04 A4 S1 TA 7gf EMUL R1, 4(R4), #0, (R&4) ; T&/15 = KLO=C(3)
04 A4 04 A4 08 A4 51 TA 795 EMUL R1, B(R&4), 4(R4), 4(R4) ; T4/T76 = KLO'EC(Z):C(B)]
08 A4 08 A4 0C A4 51 7A 79D EMUL R1, IZ(Rki. 8(R45. B(R&4); T4/77 = KLO*LC(1):C(2):C(3)]
65 S1  C& O07AS MULL R1, (RS) : 18 = KLO*C(0)
0C A6 65 (O ;:g ADDL  (RS), 12(R4) : T4/T7 = KLO*C'* modulo 8
;:E ; Add KHI*C'' to KLO*C'' to get K+*(''. Store the result in T4/T7,
04 A4 6E c0 TAC ADDL (SP), 4(R4) :
08 A4 04 AE og 78 ADWC  &(SP), B(R&) :
OC A4 OB AE D ;gA ADWC 8(SP), 12(R4) : T4/77 = K«C'' modulo 8
7BA :
7BA : At this point there may or may not be enough valid bits in R3/R4 to generate
7BA ;Y. If the first 12 fratction bits are all 1's or 0's, there a gossi ility of
7BA ; loss of significance when conputin? Y. Consequently, we must check for loss
;g: ; of significance before converting T4/T7 to Y and I.
7BA ¢
65 FC AS 0008000 8F C1 7BA ADDLS  #*XB000, =4(RS), (RS) : 1f the first 14 fraction bits are 1's
6 FFFOO00 8F D3 07C3 BITL #x3FFF0000, (RS) ; and the reduced arg = 1-f or the
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oint Sine, Cosine and Sincos 16-SEP-1984 01:30:4 AX/VMS Macro V04-00 Pa 7
-00 §-SEP-198% 91:30:88 ¥ o £

- MTHRTL.SRCIMTHGSINCO.MAR;1

Ro

BNEQ CONVERT irst 14 bits are 0 and the reduced
rg = f, then (and cnl¥ then) bits
2:16 are 0 and significance will

lost.

Sesenen
O - SO

: More bits need to de generated to cover the loss of si?nificanco. There are
: not enough registers to hold all the potentizi entra bits, so that the bits
; already generated must be put on the stack.

37 1
O0000BCA'EF 16
0
0

JSB GEN_MORE_BITS : Generate 85 additional bits and add
; them to cxiiting bits. Results are
H stored in T3/17
5¢ 04 (2 SUBL #4, R4 ; Adjust R4 to reflect the addition of
; another longword of K+(C''
1S FCAS 10 EO BB8S #29, =4(RS5), 4% ; Check if Loss of significance is due
;g: ; to leading ones or zeros
;g: ; Lost significance due to Leading zeros
65 10A6 OF 00 EA 07 FFS #0, #15, 16(R4), (RS) ; If at least one bit is set. This
1 12 07 BNEQ CONVERT ; means lost significance was minor.
OC A& OEFFFFFF BF D1 07 CMPL #XEFFFFFF, 12(R4) ; If one of the five high bits is set,
17 15 07 BLEQ CONVERT ; lost significance was minor.
009%A 31 BRW LEADING_ZEROS
; Lost significance due to Leading ones
65 10A4 OF 00 EB 4$: FFC #0, M5, 16(R4), (R5) ; If at least one bit is clear. This
oc 12 BNEQ CONVERT : _meanslost significance was minor.
0C A4 FBOO0000 8F D1 CMPL #*XF8000000, 12(R4) ; 1f one of the five high bits is
1E BGEQU  CONVERT ; clear, lost significance was minor.
1" BRB LEADING_ONES

E Convert bit string to double precion reduced argument.

CONVERT:
Isolate octant bits and convert low order bits to H-format.

EXTZV  #29, #3, -4(RS), (RS) 18 = octant bits
BICL z;géoggﬂogg. =4 (RS) Clear octant bits

65 FC A5 3 1D
FC A5 _E0000000 8?
54 55
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EF :
CA :
AR SUBL3 " : R4 ggints 50 low order bits of h
00000910'EF 16 JSB CVT LONG_TO_M : RO/R3 = 2429+h
50 1D As SUBW  #*XTD, RO : RO/R3 = ,
0OC 65 E BLBC (RS), 1% : Check for odd or even octant bits
3 Octant bits are odd. Reduced argument equals 1 = h,
5¢__ 08 63FD SUBH3 RO, #1. R : R&/R7 =Y =1 =h
52 20 AE go MOvL  32{sP). R2 : R2 = octant bits
0096 31 BRW RESTORE

Octant bits are even. Reduced argument equals h
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L &
oint Sine, Cosine and Sincos 16-SEP-19SL ?
6-SEP=19

1$: MOVO

10/12
13/17
T8

LR TR TR PR TR TR TR TR TR TR T TR T

LEADING_ONES:

; If processing continues here it is known that the loss of significance is due

1:30:46 VAX/VMS Macro V04=90 3
& 11:264:04 MTHRTL.SRCIMTHGSINCO.MAR; 1
89 R& : R4/R7 = ¥
32(SP), R2 : R2 = octant bits
RESTORE

At this point it has been determined that there is a major loss of
significance and the processing begins a Looping phase. Each iteration of
the loop will generate additional extra bits of K+*C' until enough significant
bits to compute Y are available. Durin? this time the nine lLongwords
allocated on the stack will be used as fo

Llows:

Temporary storage used when generating extra bits.
Contains all significant bits generated so far.

Contains a counter, W, indicating the appropriate exponent

gf she Llast longword of fraction bits used in converting
oY.

FFFFO00

->» O

0000
FFFFFFF

FFD9 65
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; to a string of lLeading ones.

MOVL #L_INT_MWEIGHT, (R5) ; 18 = exg bias for Last longword
of the product K+«(C'

LOOP_1: CMPL #*XFFFFO000, 12(R4) Check for enough significant bits
on

BGTRU  CONVERT 1 : Enough bits, vert to floating.

JSB GEN_MORE BITS ; T2/17 contains K+("’

CMPL  #-17 12(R4) : Check for all 1's ) ;

BGTRU  CONVERT_1 ; Not all 1's. Enough precision bits
: to compute Y

MOVO =4(R4), ( Compress representation of K«(C''

R&) :
ACBW  #W_MAX WEIGHT, #w_TERM_WEIGHT, (RS), LOOP_1

; Increment weighting factor. If
ue12hting tfactor is greater than
: 1024 then no more bits need to be
; generated.

.s

The weigh%ing factor is greater than 1024. This means that the reduced
argumen

ingf-forlat (i.e. underflow.) Zero is returned in R4 for the reduced
argument to signal this occurance. Note that under these conditions the
correct function value is one of the values 0, +/-1, The ;
correct choice is determined by the calling program based on the octant bits

returned in R1.,

CLRL R3 : Reduced argument is zero
EXTZV #29, #3, 8(SP), R2 : R2 = octant bits
BRW RESfORE

s either not ??stinguishable from 1 or too small to be represented

PSE(

$AB'
_MTI

Maci

_$2
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MTHSGSINCOS ; Floating Point Sine, Cosine and Sincos 16-SEP-1984 01:30:46 VAX/VMS Macro V04=00 Page 29 | MTHY
2-00? ﬁEDUCE,LAaGE 6-SEP-1984 ?1:34:04 !HTHRTL.SRCJHTHGSINCO.HAR;1 v (¥9) VAX-
6D 1 CONVERT_1: 15
56 04 %0 9 153? “ADDL ¥4, RG : R4 points to low bits of h
0 00091o'§r b ¥ 3 JSB cvf_LONG_TO_H : RO/R3 = S‘H'h Ther
54 FE74 8! 0 63FD 76 1 SUBH3 RO,"H §_TO 32, R4 : R&/R7 = 2*ux(1 = h)
52 1CAE_ 03 1D EF O0B7D 1230 EXTZV  #29, W37 2B(SP), R2 : R2 =_octant bits MACH
54 20 AE c; g; 1231 SUBL  32(SP), R4 i RG/R?7 =Y =1 =h
A1 g8z 1 ; BRB RESTORE
339 1234
883 } ; LEADING_ZEROS:
9 1
339 1238 ; If processing continues here it is known that the Loss of significance is due
889 1239 . to a string of lLeading 2eros. Note that it is known that the Loop for
889 1240 ; leading zeros will terminate before an underflow condition occurs so that the
oggg } 21 ; loop does not include a test for underflow.
65 30 DO 0889 1 4§ MOVL #L_INT_WEIGHT, (RS) ; T8 = exp bias for last lLongword
83%% } 2; 3 of the product K+('
0C A4 OOOOFFFF BF D1 0BBC 1246 LOOP_0: CMPL #*X0000FFFF, 12(R4) ; Check enough fraction bits :
14 19 0894 1247 BLSS CONVERT 0 ; Enough bits. Convert to floating
O000008CA'EF 16 0896 1248 JSB GEN MORE_BITS : T2/R7 contain K+C'"'
0C A4 D5 089C 1249 18: TSTL 12(R4) : Check for all 0's
09 12 089 1250 BNEQ CONVERT_O ; Not all 0's. Enough precision bits.
646 FC A6 7D O0BA1 1251 Mova =4 (R4),"(R4) ; Compress representation of K+(C''
65 E ?? 83:3 } gg aggﬂ :gu;Egﬂ_UEIGHT. (RS) ; Increment weighting factor.
83:: } gg CONVERT_0 :
56 04 CO O0BAA 1256 “ADDL ¥4, R4 ; R4 points to low bits of h
00000910°EF _ 16 oaAg 1257 JSB cvi_LONG_TO_H : RO/R3 = 2*W+h
54 50 7DFD 08B3 1258 MOVO RO, R& : R&/R7 = 2*W+h
52 1CAE_ 03 1D EF 0887 1559 EXTIV  #29, #3, 28(SP), R2 : R2 = octant bits
54 20 AE (2 088D 1260 SUBL  32(SP), ‘R4 : R&/R7 = ¥ = h
00 11 335' }521 BRB RESTORE
1A -
24 AE B8 OBCg 1%65 ‘BISPSW 36(SP) ; Restore IV bit and exit
SE 28 (O 08Cé6 1 6? ADDL #40, SP ; Remove mask and temporary storage
05 0869 1368 RSB £ 3% Seon
SSCA 1 ?9 ;
085: } 7? GEN_MORE _BITS:
8CA 1272 ;
§8CA 1 7; : This subroutine aenerates 85 extra fraction bits and puts them to the
B8CA 1274 ; existing bits. NOTE: This routine is always entered via a JSB instruction.
BCA 1275 ; Conso?uently. SP points to the first longword BEFORE TO, rather than T0
gg: } ;9 : itself.
8CA 1278 °
52 04 (2 O08CA 1 78 SUBL #, R2 ; Adjust gointor to get next quadword
(b 1280 : rom MTHSAL_4_OV_PI_V
56 62 53 79 (b 1281 ASHQ R3, (R2), Ré : R7 = C((n) o
17 18 D1 1282 BGEQ 1% ; Branch if high bit is clear
!
i
g
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MTHSGSINCOS Floating Point Sine, Cosine and Sincos 16=SEP=1984 0:4 MS H cro V04=00 Page 30 eef
2-002 “EDUCE_LAaGE 6=-SEP-1984 ?1 3 !H RTL.S J MTHGSINCO.MAR; 1 ’ ({9
D3 1283
gi } g ; Logic to process unsigned values greater than 231 - 1 .
04 AE 00 57 1 7A p3 1 9 EMUL R1, R7, #0, 4(SP) }
08 AE 3 ;o 09 1 ADDL  R1. 8($P) ; TO/T1 = KLO*C(n)
08 AE 08 AE 5 0 A ] s EMUL RO, R7, 8(SP), B(SP) :
OC AE 50 (O OBE4 1 ADDL RO, 12(sP) ; T0/72 = K+C(n)
o0 M1 ng } 3? BRB 2%
%gg: } 3§ ; Logic to process unsigned values less than 2*31
04 AE 00 7 51 7A EA 1294 1§%: EMUL R7, #0 (SP) ;s TO/T1 = KLO*C(n)
08 AE 08 AE g? S0 7A 0§;9 } 35 EMUL RO R7 8(§P) 8(SP) ; T0/72 = K«C(n)
83;; } 32 ; Add new bits to old
64 8 AE CO OBF7 1299 2%: ADDL 8(SP), (R4) 3
04 AbOC 05 3% 3908 1307 g . 4 ! Check f f Sov oid
; Check for carry from previous a
08 AL D6 0902 1302 IN(L  B(R&) : Propagate carry g
03 1€ 0905 130 BCC 3% ; Check for carry from previous add
0C A& D6 0907 1304 INCL 12(R4) . Propagate carry
FC A& 04 AE DO 090A 1305 3s: MOVL 4(SP), =4(R4) : Move new lLow order bits tc end of
090F 1306 ; of old Low order bits
05 090F 1307 RSB }
0910 1308
0910 1309
0910 1310
A
0910 ]31§ CVT_LONG_TO_H:
e 1
0910 1%16 ; This routine converts an arrax of three lon?uord pointed to by R4 H format.
0918 1%17 ; The result is returned in RO/R3. NOTE: s routine is always entered via
0910 1318 ; a JSB instruction. Consequently. SP points to the first longword BEFORE T0,
83}8 1358 : rather than TO itself.
¥ ¥ 5B n 8910 1321 ADDL3  #4 SP R6 3 Boints to T
50 B84 6EFD 0914 132; CVILH  (R&)+ ; 3= low 32 bits of h
07 18 0918 132 BGEQ 1% : Check for signed conversion error
66 D6 091A 1%54 INCL (R4) ; and adjust accordingly
03 1€ 091C 1325 B8CC 1% ; If necessary,
04 A4 Dg 8915 1 ? INCL 4 (R4) 3 ropo?ato re
50 20 A 0921 1337 18:  SUBW  #W TERM_WEIGHT, RO : RO/Rg %%ow 521 ¥t§ of M/2432
66 4 6EFg 924 1328 CVILH  (RE)+, TR6) : T0/73 = 2nd lowest 32 bits of
2 1 928 1329 BGEQ 2% ; Check for signed convors1on error
646 D6 092A 1330 INCL (R&) : and adjust accord n? ‘
50 66 6072 9 1331 2%: ADDH2 (R6), RO ; RO/R3 = (low 64 bits o )/s
50 go A2 0930 1 g SUBW  #W_TERM_WEIGHT, RO ; RO/ag = (low 64 bits of h)/2*64
66 4 6EFg 9 1 CVILH  (RE)+, TR6) ; 10 = 3rd lowest 32 bits of h
06 1 937 1334 BGEQ 3s : Check for signed convorsion error
66 FgBZ CF 60FD 9;9 1335 ADDH H2T0 82 (R6) : _an a !ust accord ln? K
5 66 60Fg 93F 1 9 3s: ADDH (R67, R : RO/R low 96 bits of h)/2%64
A0 R
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.SBTTL REDUCE_DEGREES
This routine assumes that the absolute value of the argument is in RO/R1.

POWER_MOD_360_0:
QORD

elelelelelelelelelelelelelelalelelelele Nyl

0 "0 000 000000000 OO OO0
S OFOOAROSINNENINSSSS ™MD

e Lol s AV I W IV PP af af oF oF oF F SF oF o oF oF S - 2

The reduction process is performed
the reduction reduces the argument modulo
and the second stage reduces the argument modulc 45 to a value less than 45.

in two stages. The first stage of
60 to a value less that 2*53,

; Constants used in this reduction:

; Powers oz 2 modulo 360 for t1 =0

Poi
EES
1340
1343
1348
1344
1368
1547
136
1350
0008 0004 80%8 8801 1351 " %4 ¢ ¢ s
0080 0040 00 18 1 S§ .WORD 16, g . 64, 12
00F8 0130 0098 010 } gk WORD 256, 152, 304, 248
1355 POWER_MOD_360_1: : Powers of 2 modulo 360 for t1 <> 0
0008 0088 0110 0088 1 59 .QORD™ 136, 272, 184, s
0080 0040 0020 0010 135 .WORD 16, M 64, 128
00F8 0130 0098 0100 } gg .WORD 256, 152, 304, 248
0974 1360
0974 1361
0974 1§6§ REDUCE _DEGREES:
50 4360 8F B1 0974 136 CMPW #*%x4360, RO : Compare !x! with 2*53
164 0979 1364 BGTR LAST_STEP : Branch to special logic for med arg
0978 1365
0978 1366 ;
83;3 }ggg ; It is assumed here that the argument is greater than 2*53.
0978 1 99 : The argument is reduced as follows:
0978 1370 ; Let x = 2*°t+f, where t > 53 and 1/2 =< f < 1. And let J = 2°53+«f =
0978 1371 ; 2*30%J1 + J2 and K = 2*(t=53). Since 2*30 = 64 modulo 360, we have that
0978 1 7; : J = 24'51 + 52 nodglo 360. Now let t' =t = 53 = 12+t1 + t2. Note that
0978 1373 ; (2*12)%2 = (2*9)*(2*15) = (2*9)+(2*3) = 2*12 modulo 3?0. Hence, if t1 is
0978 1374 ; not zero K = 2*t' = 2°(12+t1+t2) = (2*12)+(2*t2) = 136+2*t2 modulo 360.
0978 1375 ; fFor t1 = 0K = Z‘tg. Consequently, define K' congruent to 2*t2 it t1 =0
0978 1376 ; and congruent to 136+*2*t2 otherwise, where 0 =< K" < 360, Then x' =
03;3 } ;; : K'«(8+JT ¢+ J2) is congruent to s modulo 360 and x' < 2453,
5¢ 50 D0 0978 1379 MOVL RO, R2 : R2 = high longword of X
S0 OQO0007FFO 8F CA 097§ 1380 BICL #*X7FFO, RO ; Clear exp bits of X
0 &350 BF [ 98 1381 BISW #*%x4350, RO 2 Rg/RI =)
- PR RS - gls } i SUBL RO, R2 : R2 = t'%2*7
g! S0 70 89 D 1384 Mova RO, R} : R3/RG = )
51 FFFFSFFF gF CA 99 1585 BICL #AXFFFF3FFF, R : RO/R1 = J1+2*30
53 0 42FD 0997 1 9 SUBG2 RO, R3 : R3/R4 = J2
50 g180 gr A2 998 1 SUBW #*x180, RO : RO/RY = 641
0 3 4OFD g:‘ } ,% ADDG2 R3, RO : RO/RT1 = 64+J1 + J2 = J modulo 45
52 S2 FC BF 9 9A4 1 80 ROTL -4, R2, R§ : R =1t
3 55 C & 9A9 1391 DIVW3 015. RZ, R :RI=1t1
5 g AL 09AD 1 9; MULW #12. R : RY = 1$-t1
52 A2 883 } 34 SUBW R3, R2 : R =1t
53 5 0983 1395 TSTW R3 ; Check for t1 = 0 and choose K'
08 2 0985 1396 BNEQ 1% ; accordingly
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MTHSGSINCOS ;: Floating Point Sine, Cosine and Sincos 16=-SEP=1984 01:30:46 VAX/VMS Macro V04=00 Pa MTH
2-003 keoucs_oeanees 6=-SEP-1984 ?1: 4:04 [MTHRTL.SRCIMTHGSINCO.MAR;1 s (38) 1-0(
52 B8 AF42 4DFD 987 1397 (VIWG POWER_MOD_360_0CR2], R2 ; R2/R3 = k'
0 11 Q9BD 1398 BRB 2% :
52 98 AF&2 4DFD 9B8F 1399 1§: CVTd PgUER MOD_360_1CR2], R2 ; R2/RY = '
5 52 4&4FD oggg }2 9 2%: MULG R2, RO ; RO/R1 = X' (mod 45) 0 =< RO < 2*53
9C% 14 i
9C9 1403 LAST_STEP:
9C9 1404 ;
g%g }205 ; Argument reduction scheme for arguments with absolute value less than 2*53
09C9 1489 ; The reduced ar?unent Y is computed as follows:
9Cg 1483 : Let I = int{X/45)
9C 14 : it 1 is even
9C9 1410 : then Y = X = 45+]
09C% 1411 ; else Y = (1+1)%45 = x
89C9 1L1§
SO0 4240 8F B1 09C9 141 LHPW #*%6240, RO ; Compare 236 with X!
28 18 89cs 1a14 BGEQ NO oveaikou :
56 SO F673 CF 45FD 909 1415 MULG3 G_T_0ov_45, RO, R6 : R6/R7 = IX!1/45 |
09D 1416 ‘
0907 1417 ;
0507 1418 ; Turn off IV to avoid an exception in EMODG
0907 1419 ;
52 DC 0907 1420 MOVPSL R2 : Move PSL to R2 3
52 FFFFFFDF 8F CA 0909 16%1 BICL #*C<PSLSM_IV>, R2 ; Save current ]V bit ‘
20 B9 8350 }2 g BICPSW #PSLSM_IV : Turn off integer overflow trap f
5¢ 53 56 00 08 54FD 09Eg 16424 EMODG #1, #0, R6, R3, R4 ; R3 = Low 32 integer bits of iXi/45
8358 }2 g : R&/RS = fractional part of IXi/45
5S¢ B8 8353 }2 g BISPSW R2 ; Restore IV bit ;
56 54 42FD O09EB 1429 SUBG2 R4, R6 : R6/R7 = Integer part of IXi/45 = | |
2F S3 E9 O9EF 1430 BLBC R3, EVEN : ;
S6 08 4OFD 09F2 1431 ADDG2 #1, Ré : R6/R7 =1 + 1 |
16 11 09Fé 163§ BRB oDD |
09F8 143 |
09F8 1434 !
09F 14;5 NO_OVERFLOW: :
53 S0 C16C BF F64B g: S4FD 825° 1436 EMODG  G_1_0V_4S, #X_1_0V_45, RO, R3, R4
OAOS 1437 : R3 = |1 = integer part of IXi/45
17 53 €9 O0A0 1433 BLBC R3, CvT ; Branch if octant bits are even
56 gS 21 C1 AD6 143 ADDLY #1, R3, R6 : R6 =] ¢ 1
6 6 4EFD OQAQA 1440 CVTL R6, R6 : R6/R7 =] ¢+ 1
56 F61D CF &«4FD OAOE 1441 ODD:  MULG? 6 45, Ré P RO6/R? = 45+(]+1)
56 S0 42FD O0A14 1442 SUBG2 RO, Ré : R6/R7 = ¥ '
53 F8 8F 8A A1B 144 BICB #*XF8, R3 ; Save only lLast three octant bits
5 O0A1C 1444 RSB
A1D 1445
56 S3 4EFD OQA1D lbb? cvy CVTL R3, R6 : R6/R7 = 1|
56 F612 gF L4FD A21 1447 EVEN MULG G_M4S, R6 : RO/R7 = =45+]
56 50 40FD 0A27 1448 ADDG? RO, Ré : R6/R7 = ¥ :
53 F8 8F SA A2B 1449 BI(B #*XF8, R3 ; Save only last three octant bits
B -
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MTHSGSINCOS : Floating Point Sine, Cosine and Sincos 16-SEP-19 1:30:46 VAX/VMS Macro V04=00 Page 33 MTHY
z-oo§ keuuce-oegnses 6-SEP=- 93 ?1: 4:04 [MTHRTL.SRCIMTHGS INCO. mAR;1 D (32) 1=0(
A 1453
: }22? .SBTTL RADIAN_POLYNOMIALS ; Polynomials for arguments in radians
A 16%9
A%Q 143
: }2g§ ; Polynomial evaluation for GCOS(Y) for Y in radians
A30 1461 °
A 146§ P_COS_R:
S¢ 8000 BF AA QA 146 BICW #*x8000, R4 ; R4/R7 = Y|
56 4000 8F B1 OA 1464 CMPW #*x6000, R4 ; Compare 1/2 with !Y!
8 14 O0A3A 1465 BGTR LESS_ THAN _HALF ; Sufficent overhang is available
0A3C 166? NEEDS_DOUBLE :
54 54 64FD OQA3C 146 MULH2 Re. R4 ; RG/R? = Y*2 |
7E 5S4 7D OQA4QD 1468 Mova -(SP) ; Save high half of Y*2
0A4 1499 NEEDS_DOUBLE sxuco§
54 54 76FD QA4 1470 CVTHG R4 ;: R4G/RS = ¥*2
LY B OCOSL NRZ2=1, COSTBRZ; RO/R1 = Q(Y*2)
e G RR W ML M R Kogwant. costens a0k
+, : s Y
5« B7 0AS 167; DECW R& : R4G/R7 = ¥*2/2
56 08 gZFD OAS; 1476 SUBH?2 #1, R4 : R4/R7 = Y‘Z/% -1
S0 50 S6FD OQAS7 1475 (VIGH RO, RO ; RO/R3 = Q(Y*2)
50 56 62FD O0ASB 1476 SUBHZ2 R4, RO : RO/R3 = GCOS(Y) ,
CVTH RO, R : RO/R1 = GCOS(Y)
PR B ade e RN 2 ;
QA4 1479 LESS_THAN_HALF: ’
0 j b N n e ~
LY #COSLENR1=1, COSTBR1; RO/R1 = GLOsS(Y) ;
F645 CF 07 56 SS5FD O0A6C 148 POLYG R6, #COSLENR1-1 TBR1; RO/R1
05 0A73 148 RSB |
0A74 1484 r
e et 1
0A74 1487 ; Polynomial evaluation for -GCOS(Y) 1
0A74 1488 ; t
8:;2 }233 N_COS_R |
54 8000 8F AA 0A74 14971 © “ BICW #*X8000, R4 : R4/R7 = 1Y\
54 4000 8F B1 0A79 149; CMPW #*%x4000, R4 . Conplre 172 with 1Y!
gB 14 0QA7E 149 BGTR 1% : Sufficent overhang is available é
54 & 64FD OQABD 1494 MULH2 R4, R4 : R4/R7 = Y*? '
TE 54 7D 0A84 1495 MOva R4, =-(SP) : Save h\gh half of Y*2
54 gk TgFD 8A 7 169? CVTHG R&, R4 : R4/RS = Y*2 in G-format
F666 CF gz 82 5 ;g :9 }238 :85;6 Rkﬁ fCOSLENRZ 1, COSTBR?. 2252; = eiv 2)
5¢ B7 0A95 1499 DECW : R4/R7 = V‘%/2
5¢ 08 gZFD A97 1500 SUBH?2 l1, R4 : R4/R7 = =(1 = ¥*2/2)
50 0 gfb A9B8 1581 CVIGH RO, RO : RO/R3 = Q(Y*2)
g& 0 ? FD OA9F 15 i SUBH2 RO, R4 ; R&/R7? = =GCOS(Y)
0 4 6fg AAS 150 CVTHG R4, RO : RO/R1 = =GCOS(Y)
0 :: }Sgg RSB
56 & 76FD QAA 1 9 1$: CVTH R4, R6 : R6/R7 = 1Y\
59 6 44FD OQAAC 1 MULG R6, R6 3 RSIR? 5 T8
F601 gF g 6 55FD AB? 1 g POLYG R6, OSLENR1 -1, COSTBR1; RO/RY = GCOS(Y)
0 000 8F AC 0AB? 15 XORW #*%8000, RO : RO/R1 = =GCOS(Y)

R N AT =S e . —
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MTHSGS INCOS Floating Point § EP=1984 01:30:46 VAX/VMS Macro V04=00 Page 34 MTHY
z-oog RADIAN_POLYNOMIALS ; Polynomials for arg 6-5£P-1934 11:24:04 !HTHRYL.SRCJHTHGSINCO.HAR;1 . (32)- 1-0(
05 OABC 1 19 RSB f
A8 121 |
ABD 1 1§ ; Polynomial evaluation for =GSIN(Y)
Ay 1318 °
ABD 1519 N_SIN_R:
5S¢ 8000 BF AC 0ABD 151 XORW  #*X8000, R&
A 1319 |
:E }g ? ; Polynomial evaluation for GSIN(Y) |
AC2 1822 °
§AC 15 i P_SIN_R: ;
7€ gk 70 OAC? 1524 MOVQ R4, =(SP) : Save hi?h half of Y |
7TE 4 72FD AC 1525 CVTH R&, =(SP) : Save Y in G=format |
54« 6E 6FE 4SFD OAC9 15 9 MULG (SP), (SP), R4 P RG = YA2
F663 CF 8 5¢ SSFD OACE 15 POLYG R&, #SINLENR-1, SINTBR : RO/R1 = P(Y*2) |
ge 4L4FD O0ADS 1528 MULE2  (SP)+, RO : RO/R1 = Y*P(Y*2) |
4 5 70 O0AD9 1529 Mova (SP)+. R& P R4/R7 = ¥ ;
50 50 56FD OADC 1530 CVIGH RO, RO : RO/R3 = Y*P(Y*2) |
50 54 ?oro 0AE0 1531 ADDH2 R&. RO : RO/RY = GSINC(Y) |
50 50 76FD OAE4 15 g CVTHG RO, RO : RO/R1 = GSIN(Y) ,
05 OAE8 15 RSB |
0AE9 1534 |
0AE9 1535 |
0AE9 1536
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F S
Point Sine, Cosine and Sincos 1 -SEP-1936 ?1:3
OMIALS ; Polynomials for argu 6-SEP-1984 11:
} gs SBTTL CYCLE_POLYNOMIALS
1
1 ki :
}gz‘ ; Polynomial evaluation for GCOS(Y) for Y
1545 °
124? P_COS_C:
154 CMPH  H_2_0V_PIl, R4 3
15‘8 BGEQ 1% :
126 MULH2 R4, R :
1550 Mova R&, =(SP) :
1551 CVTHG R&, R4 :
155; POLYG R4, W#COSLENC2-1, COSTBCZ;
155 MOVQ (Sﬁ)o R& :
1554 SUBW  #2, Ré :
1555 SUBHZ2 #1, R4 :
1559 CVIGH RO, RO J
155 SUBH2 R4, RO :
}ggg gggnc RO, RO :
1560
1561 1$: CVTH R4, R :
156§ MULG R6, Ré 3
156 POLYG R6, #COSLENCT=1, COSTBCY;
1564 ADDGZ2 #1, RO :
1565 RSB
it
1568 : ,
}2?3 ; Polynomial evaluation for =GCOS(Y)
1571 °
157§ N_COS_C:
157 BICW #*X8000, R4 :
1574 CMPH  H_2_OV_PI, R4 :
1575 BGEQ 13 :
1576 MULH2 R4, R4 3
1577 MOva R4, =(SP) 3
1578 CVTHG R4, R& :
157 POLYG R&, #COSLENC2-1, COSTBCZ;
1580 MOVQ  (SP)+, Ré :
1; 1 SUBW t;. Ré :
1 i SUBH?2 #1, R4 :
15 CVIGH RO, RO 3
1584 SUBH2 RO, R4 3
}g ; sggnﬁ R4, RO 3
15
15 s 1%: CVTH R4, R6 :
15 MULG R6, R6 :
1590 POLY R6, #COSLENC1-1, COSTBCY;
}531 gggc RO, G_M1, RO :
1298
1594 ;

0:46
&:04

AX/VMS Macro v04-00
MTHRTL.SRCIMTHGSINCO.MAR; 1

; Polynomials for arguments in cycles

Paoe 3

in cycles

Compare 2/pi with Y|
Sufficent Svorhang is available
R&/R7 = Y*
Save high half of Y*2
R&/RS = ¥*2
RO/R1 = Q(Y*2)
R4/R7 = Y*
R4/R7 = Y*2/4
R4/R7 = Y*2/4 = 1
RO/R3 = Q(Y*2)
: RO/R3 = GCOS(Y)
RO/R1 = GCOS(Y)
R6/R7 = Y|
R6/R7 = Y42
RO/R1 = GCOS(Y) = 1
RO/R1 = GCOS(Y)
R4/R7 = VY|
Compare 2/pi with !Y! _
Sufficent gverhang is available
: R&/R7 = Y*
; Save high half of vY*2
R&/RS = Y*2
RO/R1 = Q(Y*2)
R&/R7? = Y*
R&/R7 = Y*2/4
R&/R7 = =(1 = Y*2/4)
RO/R3 = Q(Y*2)
R4&/R7 = =GCOS(Y)
RO/R1 = =GCOS(Y)
R6/R7 = 1VYi
R6/R7? = Y*2
RO/R1 = GCOS(Y) = 1
RO/R1 = =GCOS(Y)
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MTHSGSINCOS : Floating Point Sine, Cosine and Sincos 16=SEP=1984 01:30:46 VAX/VMS Macro V04=00 Pa , MTH
2-03& tYCLE_POL'NOHlALS ; Polynomials for argu -SEP-198£ ?1: 4:06 [MTHRTL.SRCIMTHGSINCO.MAR;1 - (33>: 1-0(

;g } 85 ; Polynomial evaluation for =SIN(Y)
78 159
78 1 93 N_SIN_C:
S4& B000 BF AC 4 }69? XORW  #*X8000, R& : RG/R7 = = ¥ |
1601 ; |
}g § ; Polynomial evaluation for GSIN(Y) |
1604 |
8 1605 P_SIN_C: '
7€ 2& 7DFD 16 9 MOVO R&, =(SP) ; Save argument in H format
7E ) 7??0 & 16 CVTH R4, =(SP) ; Save argument in G format |
54 6F ge 4SFD 8g 8 1688 MULG (SP), (SP), R4 i R4/RS = Y*2 |
F6SC CF ge & S5FD D 1609 POLYG R& 551nbinc-1. SINTBC : RO/R1 = P(Y*2) |
0 BE 44FD 839& 1610 MULG (SP)+, R i RO/R1 = Y*P(Y*2) !
54 65 70 0B98 1611 MOVQ (SP), ‘R& : RG/R7? = ¥ t
ge A2 0898 161§ SUBW  #2, (SP) ; (SP) = ¥/4 |
4 5 gzro 95 161 SUBH2  (SP)+, R4 i R4/R7 = 3/4wy |
50 6FD OBA2 1614 CVIGH RO, RO : RO/R3 = Y*P(Y*2) |
50 54 9oro 0BA6 1615 ADDH2 R&4. RO : RO/R3 = GSIN(Y) |
50 S50 76FD OBAA 1619 CVIHG RO, RO : RO/R1 = GSIN(Y)
05 OBAE 161 RSB
OBAF 1618
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MTHSGSINCOS ;: Floating Point Sine, Cosine and Sincos 16=-SEP=-1984 01:30:46 VAX/VMS Macro V04=00 Page 37 MTH!
2-03& DEGREE_POLYNOMIALS -sep-1934 ?1:34-0& !nrnaru.snc]nr GSINCO.MAR; 1 ’ <3‘), 1-0(
:; }g ? .SBTTL DEGREE_POLYNOMIALS
BAF 1
AF 1 i P_COS_D:
56 F4AL CF s1rg BAF 16704 CMPG g 90_0V_PI, Ré ; Congaro 90/pi with Y
&9 BB; 1625 BGEQ $ : Dou ;o precision isn't needed
& 56 S6FD 16 9 CVIGH R6, R& : RG/R? = Y
& 54 64FD 0BBB 16 MULM2 R&. R4 P R4/R7 = Y42 |
E S5¢ 70 OBBF 16 3 MOVQ R4, =(SP) : Save high half of Y*2 |
& §4 7gro ci 16 CVIHG R4, R& ¢ RG/RS = Y*2 |
F698 CF 7 8¢ g FD (6 1630 POLYG R4, #COSDLN1, COSDTB1 ; RO/R1 = o<v~g> |
0 50 S&FD (D 12 1 CVIGH RO, RO : RO/R3 = Q(Y*2) |
& B "7 p1 1 § MOVQ (SP)+, R4 : R4/R7 = v's |
& 0D A D4 16 SUBW  #13, Ré : R4/R7 = Y42/2*13 |
$7 00001000 8F D D7 1634 cmpL #*xfo00, r7 ; Check for loss of significanc when |
13 _1A Ds 1635 BGTRU 1% 3 subtracting 1 and adjust
78 & 7DFD E 16 9 MOVO R4, =-(SP) : Save Y*2/2*13 on stack
S7 FFFFO000 8 CA OBE4 16 BICL  #*XFFFF0000, R7 : R4/R7 = High order bits of Y*2/2*13
& 62FD OBEB 1638 SUBH2 R4, (SP) : (SP) = Low order bits
S 62FD OBEF 1639 SUBM (SP)+, RO : RO/R3 = Q(Y*2) - low gits of Y~2/2*13
54 2 62FD oar; 1640 18 SUBHZ #1, Ré P R4/R7 = =(1 = ¥*2/2*13)
go 4 9 FD 8gf 1641 SUBHZ R4. RO : RO/R3 = GCOS(Y)
0 50 76FD OBFB 164§ CVIHG RO, RO : RO/R1 = GCOS(Y)
R
56 56 44rg 8coo 1645 2% MULG2 R6, Ré : R6/R7? = Y42
08 1 8(04 1646 BEQL 3% : Check for Y = 0
F61B CF 07 56 SSFD cge 1647 POLYG R6, #COSDLN2, COSDTB2 : RO/R1 = Q(Y*2) |
i I B
50 08 SOFD 8co 1650 3% MOVG  #1, RO : RO/R1 = GCOS(Y) |
05 0C12 1651 RSB |
0C1 165;
821 }2§4 N_COS D |
56 F440 CF S1FD 0C13 1655 = = C(MPG  G_90_OV_PI, R6 3 Congare 90/pi with Y
% gz 5623 0%}3 }ggg geggu %z . : Dou le precision isn't needed i
2 3¢ %R0 QL% 1838 Roua.  he’ Nisp) [ S |
54 54 7gro €26 1660 CVIHG R4, R4 i RG/RS = Y*
F637 CF 07 54 SSFD OC2A 1661 POLYG R4, #COSDLN1, COSDTBY : RO/R1 = Q(Y*2)
280 B¢ °hb 0c3s 1848 wove” (9550 ne 1 tadbasi |
24 80 A3 OC38 1664 SUBW  #13, R4 : R4/R7 = Y¥42/2*13 _
57 00001000 8 D1 OC 1665 CMPL #*x1000, Rr7 : Check for loss of significanc when ,
13 1A 0C4 1669 BGTRU 1% : subtrasting 1 and adjust ;
7 54 7DFD 0C44& 166 MOVO R&, -(SP) : Save Y*2/2*13 on stack ;
S7 FFFFOO00 BF CA 0C48 1668 BICL  #*XFFFFO000, R7 : R&/R7 = High order bits of Y*2/2*13 |
& 62FD OC4F 169 SUBH2 R4, (SP) : (SP) = Low order bits |
62FD cs; 1670 SUBH? (SP)+, RO : ao/a; = Q(Y*2) - low gits of Y*2/2*13 ,
4 62FD 0CS57 1671 18 SUBHe #1, R P RG/R? = =(1 = Y22/2%13) |
4 9 FD 0C58 167§ SUBHZ RO, R4 : R&/R? = =COS(Y)
0 54 652 C5F 167 CVIHG R4, RO ¢ RO/R1 = =GCOS(Y)
o B B
56 56 44FD 0C64 1676 2% MULG2 Ré6, Ré : R6/R? = Y*2
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MTHSGSINCOS ;: Floating Point Sine, losine and Sincos 16=SEP=1984 01:30:46 VAX/VMS M v04-00 P 8 MTHY
2-33§ bssaae_rofvnonxALs 6-559-1934 ?1:2&:0& !nruan.s3§531nssxuco.naa;1 et (Zn)i 1-0(
D 13 0C68 1677 BEQL 3% : Check for ¥ = 0 |
FS87 gr 87 ge 5SFD cga 1678 POLYG R6, '885°L“2' cospTe2 n8/n1 =26COSD(Y) |
0 8000 &F sg Er§ }570 ;23" #°X8000, RO : RO/R1 = =GCOSD(Y) |
€77 1681 |
SO  F384 CF sorg c;7 1 § 38: MOVG  G_M1, RO : RO/R1 = GCOS(Y) |
05 0C70 1 RSB
E;E 1885 N sin 0: |
56 56 S2FD Er } 9 P'SIN'D.HNEGG R6, R6 : R6/R7 = =Y
50 56 gz asrg (82 1 3 77T MULG3  R6, R6, RO : RO/R1 = Y42
1 ¢ 1 BEQL nsfunn
F618 CF 2 0 SSFD 0C89 1690 POLYG RO, #SINDLN, SINDTB : RO/R1 = P(Y*2)
6 bif €90 1691 MULG2 R6, RO i RO/R1 = Y*P(Y*2)
56 g 0BF A2 009 169§ SUBW  #*X60, R6 : R6/R7 = Y/2%6
6 4org (99 169 ADDG2 R6, RO : RO/R1 = GSIN(Y)
0 532 }ggg RETURN: RSB
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MTHSGS INCOS Sine, Cosine and Sincos 16=SEP=1984 01:30:46 VAX/VMS Macro V04=00 b 9 | WTH!
2-03? S 6-SEP-19SL 91:34:04 ! '°5° b (36) (

Floatinf Point
DEGREE_POLYNOMIAL MTHRTL .SRCIMTHGSINCO.MAR; 1 | 1-0
C9E 1697 f
(9 1698 1
Eg }?90 «SBTTL DEGENERATE_SOLUTIONS |
C9€ 1701 P_ONE: !
50 08 SOFg C9¢ 17 ; MOVG 7, RO : Answer is 1 ;
0 CA 17 RSB |
CAS 1704 '
CAS 1705
CA3 17 9 N_ONE
50 F358 CF SOFg CAS 17 MOVG G_M1, RO ; Answer is =1
0 CA 17 8 RSB
CAA 17
CAA 1710
CAA 1711 UNFL
CAA 171§ :
E:: };}‘ ; Underflow; if user has FU set, signal error. Always return 0.0
52 DC OCAA 1715 MOVPSL R2 : R2 = user's or jacket routine's PSL
00000000" GF 20 fg CAS 171? CALLS #0, G*MTHSSJACKET_TST s RO = TRUE if JSB from jacket routine
04 S0 E (B3 171 BLBC RO, 108 : branch if user did JSB
52 04 AD 3C 0CB& 1718 MOVIWL SF$W_SAVE_PSW(FP), R2 : get _user PSL saved b‘ CALL
SO D& OCBA 1719 10%: CLRL RO : RO = result, LIBSSIGNAL will save in
853% }; ? : CH;?L-ACH-ROIRI so any handler can
H xup
Op 52 06 E1 0OCBC 17 g BB( #6, R2, 20% ; has user enabled floating underflow?
6 DD 8((3 17 PUSHL  (SP) : yes, return PC from special routine
7e  O00'BF 9A O0CC2 1724 MOVZBL #MTHSK_FLOUNDMAT, =-(SP) ; trap code for hardware floatina
0CC6 1725 : underflow convert to MTHS_FLOUNDMAT
8((6 1726 ;  (32-bit VAX-11 exce?t1on code)
00000000 GF 02 FB ccé 1727 CALLS #2, G*MTHSSSIGNAL : signal (condition, PC
05 OCCD 1728 20%: RSB : return
OCCE 17;9
OCCE 1730 .END
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Cosine and Sincos 12
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MTHSGSINCOS ; Floating Point Sine, Cosine and Sincos 16=-SEP=-1984 01:30:46 VAX/VMS Macro V04=00 Pa 41 MTH!
Symbol table . 6-SEP-19gk ?1 34:04 !HTHRTL J MTHGSINCO.MAR; 1 - (26) VAX-
SINLENC = 87
SINLENR = 7
SINTBC Fg R
SINTBR 1 R §
SMALL _COS S S 4
SMALL-COSD 00672 R Maci
SMALL_SIN 4AA R o
SMALL "SINCOS 0 gng R 82!
SMALL _SINCOSD 0 (SR
SMALL —SIND 80 619 R 0 Gi
UNFL 0 gAA = 0
W_ADJUST z 80 Thei
U HAI WEIGHT = 0004 §
W_TERM_WE IGHT = oooooo% MACI
X~ = 00000004
X_1_0V_45 = 0000C16C
R R e e SIS +
i Psect synopsis !
PSECT name Allocation PSECT No. Attributes
. ABS . 00000000 ( 0.) 00 ( 0.) NOPIC WUSR CON ABS LCL NOSHR NOEXE NORD NOWRT NOVEC BYTE
$ABSS 00600000 ( 0.) 01 ¢ 1.) NOPIC USR CON ABS LCL NOSHR EXE RD WRT NOVEC BYTE
_MTHSCODE 00000CCE (¢ 3278.) 02 ¢ 2.) PIC USSR CON REL LCL SHR EXE RD NOWRT NOVEC LONG
* ........................ ’
i Performance indicators i
Phase Page faults CPU Time Elapsed Time
Initialization 89 00:80:00.0% 00:00:01.1%
Command processing 109 00:00:00.6 00:00:03.;
Pass 1 203 00:00:05.64 00:00:14.74
Symbol table sort 0 00: 0:03. 7 00:00:00.49
Pass ¢ 309 80: 0:8 . ; 80:00:12.50
Symbol table output 16 0:00:00.1 0:00:00.67
Psect synopsis output 2 00:00:00.02 00:00:00.10
Cross-reference output 8 00:00:00.00 00:00:?0.00
Assembler run totals (Y4 00:00:10.60 00:00:32.90
ths‘gorking ’§ Limit uas 1500 pages. |
bytes (73 pages) of virtuval memory were used to buffer the intermediate code. |
There were 20 pages of symbol table space allocatgg to hold 196 non-local and 50 Llocal symbols.
source Lines were read in Pass 1, producin object records in Pass 2
10 pages of virtual memory were used to define 9 macros.
L L T +
: Macro Llibrary statistics i '
Macro Library name Macros defined
_$2558DUA2B: [SYSLIBISTARLET.MLB;?2 5




M S |
MTHSGSIN ; Floating Point Sine, Cosi i 16-SEP-1984 01:30: AX/VMS p |
R T Racse M Stattsties SOting Point Sine, Cosine ond Sincos 10-RE0-1000 T1:30:80 TRTAETE TRSSh Rt Rdo. manss ™ 48, |

131 GETS were required to define S5 macros. ‘
There were no errors, warnings or information messages. i
!
MACRO/ENABLE=SUPPRESSION/DISABLE=(GLOBAL , TRACEBACK) /LIS=LIS$:MTHGSINCO/0BJ=0BJS:MTHGSINCO MSRCS:MTHJACKET/UPDATE=(ENHS: MHJACKE!)msi
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