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000 28 ;
888 i :’EACILITY: MATH LIBRARY
888 g : ABSTRACT:
000 33 ; MTHSDSIN and MTHSDCOS are functions which return the floating point
000 g ; sine or cosine value of their single precision floating point argu-
0000 : ment (radians). The call is standard call-by-reference.
0000 % : MTHSDSIN R7 and MTHSDCOS_R7 are special routines which are the same
0000 ; as MTHSDSIN and MTHSDCOS™ except a faster non-standard JSB call is
8888 g ; used with the argument in R0 and no registers are saved.
0000 40 ; MTHSDSINCOS 1is a routine which returns the floating point sine and
0000 41 ; cosine value of its single precision floating goint radian argument,
0000 42 ; The call is standard call-by-reference. MTHSDSINCOS_R7 is a special
0000 43 ; routine which 1is the same as MTHSDSINCOS, except a faster non-
0000 44 ; standard JSB call is used with the argument in R0 and no registers
8888 z ; are saved.
0000 47 ; MTHSDSIND and MTHSDCOSD are functions which return the floating point
0000 48 ; sine or cosine value of their single precision floating point argu-
8000 49 ; ment (degrees). The call is standard call-by-reference.

000 g : MTHSDSIND _R7 and MTHSDCOSD_R7 are special routines which are the same
0000 ; as MTHSDSIND and MTHSDCOSD™ except a faster non-standard JSB call is
0800 52 ; used with the argument in RO and no registers are saved.

088 g : MTHSDSINCOSD is _a routine which returns the floatina point sine and

000 95 ; cosine value of its sin?le precision flooting ?oint e’roo argument,

000 g : The call is standard call-by-reference. MTHSDSINCOSD_R7 is a special

000 ; routine which is the same as MTHSDSINCOSD, except a faster non-
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VERSION: 1
HISTORY:
AUTHOR:
MARY PAYNE & JUD LEONARD, 25-MAY-78:
MODIFIED BY:

1=1  Tryggve Fossum, 28-May-78

VERSION: 2
HISTORY:

AUTHOR:
BOB HANEK, 25-MAY-78: Version 2

Edit history for Version 2

Version 0

5-001 - Fixed overflow problem for Large radian arguments. RNH 09-Segt-81
-002 - gcéud:dagheck for A2 = 0 in DSINCOS for small arguments. RN
%-003 = Change DSINCOS so that R6/R7 = IX! instead of X. RNH 29-Sep-81
=004 - Modified logic for converting reduced argument from integer to
to floating format to avoid modifying the exponent of a floating
oint zero. RNH 21-0ct-81
2-005 - Modified cosine evaluation lo?ic to check the magnitude of YHWI
instead of YLO., RNH 01-Nov-8 .
2-006 - Modified negative argument logic for DSINCOSD to eliminate bug
uncovered b; FORTRAN QA.
- Modified RE gCE_LARGE logic to fix bug detected in QAR 896.
RNH 14-Jan-8
2-007 = Corrected the FFS and FFC instructions in REDUCE_LARGE to properly

test bits 0 through 20. The loss of accuracy from only testing 20
bits was detected in an SPR. (leaned up some comments. J(W B-JUN-84
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S = Declarative Part of Modu 6-SEP-1984 11:22: MTHRTL.SRCIMTHDSINCO.MAR; 1 (2)

LEXTRN MTH$SSTGRAL
EXTRN MTHSK_FLOUNDMAT
LEXTRN MTHSSJIACKET_TST

n
1
g LSBTTL DECLARATIONS - Declarative Part of Module
¢ INCLUDE FILES: MTHJACKET.MAR
;s EXTERNAL SYMBOLS:
: .DSABL GBL
§ .EXTRN MTHSAL & OV_PI

EQUATED SYMBOLS:

LR T

OO0 O0O0OO0O0OO0O0OO0O0O0OO0OO0O0OO0O0O0O0O0O0O

100
} 1
108
104
} 5
107
108
0 109
0 110
88 11;
1"
8 1
00000008 § 08 115 X_1_0v_45 = “x08
% 113
§ 00 118 : MACROS:
8 00 120 $SFDEF ; Define SF$ (stack frame) symbols
' 88 } 1 $SPSLDEF ; Define PSLS symbols
0888 } % s PSECT DECLARATIONS:
00000000 155 PSECT _MTHSCODE P1C,SHR,LONG,EXE ,NOWRT _
8888 } 9 : ; program section for math routines
8833 } 3 ; OWN STORAGE: none
0888 } ? : CONSTANTS:
§000 1%; D_P1_OV_4:
68C2A221 OFDALD4LY 88 } ! 5 8 09°2A° “X68C2A2210FDALD4Y ; 0.7853981633974483E+00
9SDAF665 31D541E2 88? }gs 0-3-91-095260 “X9SDAF66531D541E2 : 0.7068583470577035E+01
0E92F999 (BE34116 §8} }?2 D-S-Pl-oﬁagio “X0E92F999CBE34116 : 0.2356194490192345E+01
C2F34AA9 S53D14178 001 }‘8 D-T-Pl-oﬁagio “XC2F34AA953D14178B ; 0.3926990816987242E+01
3BAA4DDD EDDF&IAF 00 }21 o'z'ov'PiﬂuﬂD “X3BAA4DDDEDDF & 1AF : 0.5497787143782138E+01
GL156E4E F9834022 § }22 =TT LQUAD  *X4L1S6ELEF9834022 ; 0.6366197723675813E+00
0 145 D _4S:
00000000 00004334 00 }29 D-HLS- LQUAD  “X0000000000004334 ; 0.4500000000000000€+02
00000000 0000C334 0‘ }zs D-SHALLD QUAD  “Xx000000000000C334 ; =.4500000000000000€+02
OFBED31E 2EEO03SES §2 }g? 0'1 - ‘g.UAD “XOFBED31E2EEO035ES ; 0.4268868231257969E-06
60868608 0B603DB6 004 }ii D'c;“vgaiéuhb “x6086B60B0B603DBS s 0.2222222222222222E-01
9CBB294E A3S513BEF § }Sg 0'90 = ﬁ?UA “X9CBB294EA3S13BEF ; 0.1828292519943295€-02
OFBED31E 2EE04L2ES 5 156 = = “.QUAD “XOFBED31E2EE042ES : 0.28647889756541716E+02
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THSDSINCOS Floating Point Sine, Cosine and Sincos 16=-SEP=1984 01:20: AX/VMS Macro v04-00
-03? ﬁTﬂSDSlN(&S = Radian arguments -SEP-1984 ?1:58:;2 !HTHR?L.SRCJHYHDSINCO.HAR:1
9 LSBTTL MTHSDSINCOS - Radian arguments
FUNCTIONAL DESCRIPTION:
The DSIN, DCOS and DSINCOS routines are based on octant reduction. Given an

OCOO0O0O0O0O0O0O0O0O0O0O0O0O0O0O0O0O0O0O0O0O0O0O0O0O0O0O0O0O0O0O0O0OO0OOOOO0OO0OC
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argument, x, it is written in the form
x = [1+(2epi) + [e(pi/é) + Y1,

where 11 and | are intsgers 0 =<] <8 and 0 =< Y1 < pi/é4.
DCOS have a period of 2+pi 1t follows that

DSIN(x) = DSIN(I*(pi/4) + Y1)) and
DCOS(x) = DCOS(I+(pi/4) + Y1)).

Using the trigonometric identities for the sum and difference of two angles,
the following table can be generated:

Since DSIN and

If ]l = then DSIN(x) = and DCOS(x) =

0 DSIN(Y1) DCOS(Y1)

1 DCOS(ei/L-V1) DSIN(eilk-Y1)

i DCOS(Y1) -DSIN(YT)
DSIN(ei/G-Vl) -DCOS(ei/A-Y1)

4 =DSIN(Y1) -DCOS(Y1)

5 -DCOS(ei/4-71) -DSlN(ei/4-71)

6 -DCOS(Y1) DSIN(Y1)

7 -DSIN(pi/Zé4=Y1) DCOS(pi/Zé=Y1)

Let Y be defined as Y = Y1 if | is even and Y = pi/é& - Y1, if | is odd, then

each entry of the above table is of the for +/-DSIN(Y) or +/-DCOS(Y). Based
on the above remarks, the DSIN, DCOS and DSINCOS routines process the input
argument x, to obtain | and Y, and based on | selects a suitable polynomial
Qpproxinat*on. p(Y), to evaluate the desired fuction.

s INPUT PARAMETERS:

LONG = 4

% = 1+LONG ; x_is input angle in radians
sine = i'LONG : sine is DSIN(x)

cosine = 3*LONG ; cosine is DCOS(x)
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: Return sine and cosine of argument

LENTRY MTHSDSINCOS, “M<R2, R3, R4, RS, R6,R7>
MTHSFLAG_JACKET
MOVAB  G*MTHSSJACKET_HND, (FP)

; set handler address to jacket
; handler

MOVD ax(AP), RO

JSB MTHSDS INCOS R7
Mova RO, asine(AP)
=g¥0 R2, acosine{AP)

.SBTTL MTHSDSIN

: Return sine of argument
LENTRY MTHSDSIN, “M<R2, R3, R4, RS, R6, R?>
MTHSFLAG_JACKET
MOVAB  G*MTHSSJACKET_HND, (FP)

: set handler address to jacket
: handler

MOVD  ax(AP), RO
ggg MTHSDSIN_R7

.SBTTL MTHS$DCOS

: Return cosine of argument

.ENTRY MTHSDCOS, “M<R2, R3, R4, RS, R6, R7>
MTHSFLAG_JACKET

r |
MTHRTL.SRCIMTHDS INCO.MAR; 1 !
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N 12 ,
SINCOS : floating Point Sine, Cosi nd S 16=$ 4 AX/VMS 4 1
b 4SR5ene ne. Cosine and Sincos 10-SEp-108¢ 11:80:98 FATANTS. RCSRrIBe 100  mans1 P29 19,
60 00000000°GF 9¢ zA MOVAB  G*"MTHSSJACKET_HND, (FP)
1 ; set handler address to jacket
2} : handler |
41 298 |
50 04 BC 70 41 G MOVD ax (AP)
0000051A'EF 16 0345 400 JSB MTHS océs n7
04 B8 L0 RET
034C 402
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FUNCTIONAL DESCRIPTION:

The DSIND, DCOSD and DSINCOSD routines are based on octant reduction. Given
an argument, x, it is written in the form

x = [1+360 + [+45 + Y1,

where 11 and | are integers, 0 =< | < B and 0 =< Y1 < 45. Since DSIND and
DCOSD have a period of 360 it follows that

DSIND(x) = DSIND(I*45 + Y1) and
DCOSD(x) = DCOSD(I*&5 + Y1),
Usin? the trigonometric identities for the sum and difference of two angles,
the following table can be generated:
If 1 = then DSIND(x) = and DCOSD(x) =
0 DSIND(Y1) DCOSD(Y1)
1 DCOSD(45-Y1) DSIND (45-Y1)
2 DCOSD(Y1) =DSIND(Y1)
b DSIND(45-Y1) -DCOSD(45-Y1)
4 -DSIND(Y1) -DCOSD(Y1)
5 -DCOSD(45~-Y1) =DSIND(45-Y1)
6 -pCOSD(Y1) DSIND(Y1)
7 =DSIND (45-Y1) DCOS(45-Y1)
Let Y be defined as Y = Y1 if | is even and Y = 45 - Y1, if | is odd, then

each entry of the above table is of the for +/=DSIN(Y) or +/-DCOS(Y). Based
on the above remarks, the DSIND, DCOSD and DSINCOSD routines grocess the input
argument x{ to obtain | and Y, and based on [ selects a suitable polynomial

0
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approximation, p(Y), to evaluate the desired fuction.
00000004 LONG = &
00000008 sind = 2+*LONG
0000000C cosd = 3*LONG
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.ENTRY MTHSDSINCOSD

-SEP=-19
"M<RZ2, R3, R4, R5, R6, R?>

MTHSFLAG_JACKET

MOVAB

MOVD
JSB

Mova
Mova

RET

ENTRY MTHSDSIND

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

aX(AP)

nrnsosincoso R7

Rg asind (APY
acosd(AP)

“M<R2, R3, R4, RS, R6, R7>

MTHSFLAG_JACKET

MOVAB

MOVD
JSB

RET

.ENTRY MTHSDCOSD

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

aX(AP), RO

HTHSDSIND R7

“M<R2, R3, R4, RS, R6, R?>

MTHSFLAG_JACKET

MOVAB

MOVD
JSB

RET

GMTHSSJACKET_HND, (FP)

; set handler address to jacket
; handler

aX (AP)

nrnsocéso R7

Page 15 |
MTHRTL.SRCIMTHDSINCO.MAR; 1 (9)
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.SBTTL MTHSDSINCOS_R?

: This routine computes the DSIN and DCOS 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:

ing Poi
NCOS_R?7
9 481
9 4 i
5 A
9 484
9 485
30 83 1) It IX! < pi/k, then X is used directly in polynomial imati
3 X <p then s use rect n polynomial approximation i
§ 3% 88 : of DSIN and DEOS. e PP |
90 489 ; 2) If pi/& =< ixi < 9*pi/4, then the subroutine REDUCE_MEDIUM is called {
0390 490 ; to reduce the argument to an equivalent argument in radians, VY, and '
0390 491 ; the octant, I, containin? the argument. Y is then evaluated in two
8;90 49; s gol;no-ials chosen as a function of I, to compute DSIN(X) and DCOS(X).
90 493 ; 3) 1If 9*pi/é& =< (X!, then the subroutine REDUCE_LARGE is called to |
0390 4946 ; reduce the argument to an equivalent argument in cycles, Y, and the
0390 495 ; octant, I, contanining the ar?ument. Y is then evaluated in two
8%38 23? } polynomials chosen as a function of I, to compute DSIN(X) and DCOS(X).
0390 478 MTHSDSINCOS R7::
56 S50 70 0390 499 movh RO, R6 : R6 = X
OF 18 0393 500 BGEQ  POS_SINCOS ;
0000039F'EF 16 0395 501 JSB SINCOS ; RO/R1 = DSINCiX!), R2/R3 = DCOS(X)
50 50 72 0398 sog MNEGD RO, RO : RO/R1 = DSIN(X)
05 039 50 RSB
039F 504
039F 505 SINCOS:
56 8000 8F AA O039F 506 BICW #*x8000, Ré : R6/R7 = X!
03A4 507 POS_SINCOS:
56 FCS58 CF 71 03A4 508 CMPD D Pl OV &, R6 ; Compare pi/4 with X!
34 14 03A9 509 BGTR SMALC_STINCOS ; No argument reduction is necessary
56 FCS9 CF 71 03AB 510 CMPD D 9_PT_OV_4, R6 : Compare 9+pi/4 with iX!
03 18 0380 511 BGEQ 13
ooBs 31 8%3% g}g BRW LARGE _SINCOS ; Use special logic for iX! > 9*pi/4
0385 514 ;
8%3; g}g ; pi/& =< (X < 9*pi/4
0000069A'EF 16 0385 517 is: JSB REDUCE_MEDIUM ; Medium argument reduction routine
0388 518 : R4/R7 = Y = reduced argument
0388 519 ; R2 = octant
7€ 5S4 70 0388 520 Mova R4, =(SP) ; Save reduced argument on stack
7E 56 7D 03BE 521 MOva R6, -(SP) 3
52 DD ogc1 5 i PUSHL RZ2 : Save octant bits on stack
00000535 'EF 16 03C3 5 JSB M _COS : RO/R1 = DCOS(X)
52 E 0 8;(9 g 4 MOVL (SP)+, R2 ; R2 = Octant bits
56 E D CcC 5 MOvQ (SP)+, R6 3
56 B8E 7D O3CF 526 MOVQ (SP)+, R& : R4/R? = reduced argument
e S0 70 osog 5§27 MOVQ RO, =(SP) : Save DCOS(X) on stack
000004BA"EF 16 03D 528 JSB M _SIN : KO/R1 = DSIN(X)
52 BE 7D 8;08 529 MOvaQ (SP)+, R2 : R2/R3 = DCOS(X) :
05 BF é ? RSB ;
H i
gg; g ;s Logic for small arguments. X! < pi/4. i
ior 4 |
3DF S SMALL_SINCOS: , |
56 4000 gr B1 §DF 9 CMPW #*%4000, RO ; Compare 1/2 with iX! )
3 15 O03kes BLEQ 2% ; Sufficent overghang not available
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CMPW
BGEQ
MULD3
Mova
POLYD
Mova
Mova
POLYD
MULD
ADDD
Mova
RSB

MOVD
BICW
RSB

MULD
ADDD
Mova
RSB

LARGE _SINCOS:
JSB

PUSHL
Mova
Mova
JSB
Mova
Mova
MOVL
Mova
JSB
MOova
RSB

-SEP=-1
#*x3280, R6 -
1%
R6, R6, Ré
R4, =($

-(¢p)
R4, WCOSLENR1=1, COSTBR1
(SP), R&

RO, (SP)

R4. #SINLENR=1, SINTBR
R6, RO

R6, RO

(SP)+, R2

#1.0, R2
#~x8000, RO

R6, R6, R4 ;
R4, =(SP) ;
gg. lEOSLENRZ-l. COSTBR2:

. R
#*XFFFF1FFF, RS
R4, R6, =(SP)
R6, R4, R2
(SP)+, R2
3%

#°x80, R2

R2, RO

R4, R4

#°X80, R&

", R

R4. RO

(SP), R2

RO, (SP)

R2. #SINLENR-1, SINTBR
R6. RO

R6. RO
(SP)+, R2

LER LT E TR TETETE FE TE PR FE PR TR PR PR PR TR TN

REDUCE _LARGE

R2
R6, =(SP)
R4, =(SP)

L_Cos

(SP)+, R&
(SP)+. R6
(SP)+. R2
RO, =(SP)
L SIN

(SP)+, R?2

MTHRTL.SRCIMTHDSINCO.MAR; 1
Compare with 2*=-28

No gglynomial evaluation is needed
R4/RS = X=X
Put X*X on stack
RO/R1 = DCOS(X)
R4G/RS = X=X
Save DCOS(X) on stack
RO/R1 = Q(X‘Z)
RO/R1 = '?(X‘Z)
RO/R1 = DSIN(X)
RZ2/R3 = DCOS(X)
R2/R3 = 1.0 = pCOS(X)
RO/R1 = X!
R4&/RS = Xx*

Save Xx*

RO/R1 = Q(Y*2)

R4&/RS = X

R4/RS = XHI

(SP) = XLO

R2/R3 = X + XHI

R2/R3 = XLO*(X + XHI) = A2
Check for A2 = 0
R2/R3 = A2/2
RO/R1 = Q(Y*2) - A2/2
R4/RS = XHI*2

R4/RS = XHI*2/2
R4/RS = XHI*2/2 - 1
RO/R1 = DCOS(X)
R2/R3 = X*2

ave DCOS(X)
RO/R1 = Q(X*2)
RO/R1 = X+Q(X*2)
RO/R1 = DSIN(X)
RZ2/R3 = DCOS(X)

R4/R7 = reduced argument (in cycles)
R2 = octant bits
Save octant bits on stack
Save reduced

argument cn stack
RO/R1 = DCOS(X)
Reduced ar?unent

in R&

R7
R2 = octant bits
R2/R3 = DCOS(X)
RO/R1 = DSIN(X)
RZ2/R3 = DCOS(X)
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2-009 HTH‘DSIN_H? 6-55?-1934 ?1:59:;2 !HTHRTL.SRCJHTHDSINCO.HAR;1 . (1) |
23 gS .SBTTL MTHSDSIN_R?
49 9? ; This routine computes the DSIN of the G-format value of RO/R1. The
49 93 ; computation is performed one of three ways depending on the size of the
23 630 ; input argument, X:
23 281 : 1} l: égin< pi/4, then X is used directly in a polynomial approximation
H 0 .
49 60§ : 2) 1f pi/4 =< (x| < 9*pi/4, then the subroutine REDUCE_MEDIUM is called
869 604 ; to reduce the argument to an equivalent argument in radians, Y, and
49 605 ; the octant, I, containing the argument. Y is then evaluated in a
869 68? : gol;nonial chosen as a function of I to compute DSIN(X).
49 607 ; 3) It 9*pi/& =< iX!, then the subroutine REDUCE_LARGE is called to
049 608 ; reduce the argument to an equivalent argument in cycles, Y, and the
049 609 ; octant, 1, contanining the argument. Y is then evaluated in a
823 2}? 3 polynoaia[ chosen as a function of I to compute DSIN(X).
049 61; MTHSDSIN R7::
S0 73 049 61 TSTD RO ; Check the sign of RO
OF 18 0495 614 BGEQ POS_SIN F
000004A1"EF 16 0497 615 JSB SIN ; RO/R1 = DSINCiX:)
50 50 72 049D 616 MNEGD RO, RO ; RO/R1 = DSIN(X)
95 04A0 617 RSB
04A1 618
04A1 619 SIN:
SO BO00 8F AA 0Q4A1 620 BICW #*x8000, RO ; RG/R1 = X!
04A6 621 POS_SIN:
SO FBS6 CF 71 0Q4A6 6 % CMPD D PI OV &4, RO : Compare pi/4 with iX!|
21 14 04AB 62 BGTR SMALL_STN ; No argument reduction is necessary
50 FBS7 CF 71 04AD 624 CMPD 0.9 PT ov_4, RO ; Compare 9*pi/& with X!
3¢ 19 04B2 625 BLSS LARGE_SIN ; Use special logic for iX! > 9+pi/4
04B4 626
04B4 627 ;
8232 223 ; piZd =< IX! < 9*pi/4
O0000069A'EF 16 04Bé 6;0 JSB REDUCE_MEDIUM ; Medium argument reduction routine
04BA 631 : R&/R7 = Y = reduced argument
04BA 63§ : R2 = octant )
07 01 52 8F O04BA 633 M_SIN: CASEB R2, M, #7 : Branch to one of four polynomial
04BE 634 ; evaluations depending on the
05B7* 04B 635 18: .WORD P_COS_R-1$%
0587" Sac 636 .MORD PTCOS”R-1%
653" 04C2 637 .WORD N_SINZR-1%
653" 04C4 638 .WORD N_SIN_R-1%
60%' 4C6 639 .WORD N_COS_R-1%
0602" 04C8 640 .WORD N_COS_R-1%
065D" 04CA 641 .WORD P_SIN_R-1$ :
065D" 04CC 645 .WORD P_SIN_R-1$ 3 octant bits.
4CE 64
4CE 644 ; .
04CE 645 ; Logic for small arguments. X! < pi/4.
4CE 649 :
4CE 64
4CE  64R SMALL_SIN: )
50 3280 8f B1 6C§ 649 CMPW #*x3280, RO ; Compare with 2*-28
15 18 04D 650 BGEQ 1% : No Rolynonlal evaluation is needed
56 5 7D 04D5 651 MOvQ RO, R6 : R6/R7 = X
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POLYD
MULD
ADDD
RSB

LARGE _SIN:
JSB

TSTL
BEQL

CASEB

.WORD
.WORD
.WORD
.WORD
.WORD
.WORD
«WORD
.WORD

BICB
ROTL
CASEB

.WORD
.WORD
.WORD
.WORD

G 13
Point Sine, Cosine and Sincos 16-SEP=-19

S aEr-108¢ §1:80:38 RTINS Macre M08 000 mars1 P29 (}?)'

ag,no
RO, lalNLENR-1. SINTBR
R6, R

R6, RO

REDUCE _LARGE

R4
DEGENERATE _CASE_SIN
R2, #0, #7

o
—

R i I

SZTZTZTVVOVO
8

[alanlnlnlalals)

PARAPAAAN

DEGENERATE _CASE_SIN:

#1, R2
#-1, R2, R2
Rz. .o, '3

P _ONE-1$
URFL -1$
N_ONE-1$
URFL -1%

: RO/R1 = XeX

3 R8/R1 = a(:“?)

: RO/R1 = Xeg(x*2)
: RO/R1 = DSINIX)

;: R4/R7 = reduced argument (in cycles)
;: R2 = octant bits
: Check for degenerate case

; Compute index as (R2 = 1)/2
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.SBTTL MTHSDCOS_R7
; This routine computes the DCOS of the

; computation is performed one of three
; input argument, X.

MTHSDCOS _R7::
TSTD

BICW
CMPD
BGTR
CMPD
BLSS

=< X! < 9vpi/4
REDUCE_MEDIUM

JSB

CASEB

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

; Logic for small arguments.

SMALL_COS:

CMPW
BGTR
Mova
BICL

SUBD3

BRW

CMPW
BGEQ
MULD

POLYD

RSB

MOVD
RSB

LARGE _C0S :
JsB

The processing is

RO
g‘;goge.‘nono
AL s o
LERGE_TOS™

R2, N,

-u"u'v'vzzzz
(alal’ " Ialal? . 17,.]
OO ras OO ttime
VWINZEODDNZE
D e T JP W W — Y .
POAAAET AR

X1 < pi/é.

#°%X4000, RO
1%

RO, Ré
#°XFFFFIFFF, R7
RO, Ré&
gg DOUBLE

“x3280, RO

0.RO
#COSLENR1-1, COSTBR1

'1.00 Ro

REDUCE _LARGE

?}:gg:gg zAx/vns Macro V04-00 Page

MTHRTL .SRCIMTHDSINCO.MAR; 1

G-format value of RO/R1, The
ways depending on the size of the
the same as described for MTHSDSIN_R4.

Check for reserved operand
RO/RT = Ix!

Compare pi/& with iX|

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

Use special logic for iX! > 9*pi/é4

Medium argument reduction routine

R4/R7 = Y = reduced argument

R2 = octant :

Branch to one of four polynomial
evaluations depending on the

octant bits.

Compare 1/2 with X!
Sufficent overghang is available
R6/R7 = X

R6/R7 = XHI

R4/RS = XLO | :

Use special logic to obtain overhang
Compare with 2%-28

gglg?lynonial evaluation is needed

= X=X
RO/R1 = DCOS(X)
; RO/R1 = 1,0 = DCOS(X)
; R&/R7 = reduced argument (in cycles)
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TSTL
BEGL

+WORD
.WORD
.WORD
.WORD
.WORD
.WORD
.WORD

BICB
ROTL
CASEB

.WORD
.WORD
.WORD
.WORD

I 13
Point Sine, Cosine and Sincos 16=-SEP=19

§-SER-198 11:82:

S ®

)
DEGENERATE _CASE_COS

DEGENERATE _CASE_COS:

#i, R2
#-1, R2, R2
R2, #0, #3

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

gg AX/VMS Macro V04-00 ge 1g
MTHRTL.SRCIMTHDSINCO.MAR; 1 (13)

R2 = octant bits
Check for degenerate case

; Compute index as (R2 - 1)/2
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2-039 ﬁ!ﬂibSlNCBSD-R? 6-SEP-1984 91:33:32 !HTHRTL.SRCJHTHDSINCO.HAR;1 . (14)
E: ;;2 .SBTTL MTHSDSINCOSD_R?7
A 775 ; This routine computes the DSIND and DCOSD of the D-format value of RO/R1.
SA 77? : The computation is performed one of two ways depending on the size of the
g: ;; ; input argument, X:
SA 778 : 1) If iXi < 45, then X is used directly in polynomial approximation
SA 780 : of DSIND and DCOSD.
SA 781 ; 2) 1f 45 =< (xi, then the subroutine REDUCE_DEGREES is called to reduce
SA 7 i : the argument to an equivalent argument in degrees, Y, and the
SA 783 ; octant, I, containing the argument. Y is then evaluated in two
SA 784 ; olynomials chosen as a function of I, to compute DSIND(X) and
SA 785 ; COSD(X).
SA 736
SA 787 MTHSDSINCOSD_R7::
S0 73 O05A 788 TST RO
OF 18 05AA 789 BGEQ SINCOSD
SO 8000 8F AA O0SAC 790 BICW #*x8000, RO : RO/R1 = iXi
000005BB"EF 16 0581 791 JSB SINCOSD : RO/R1 = DSINDC(iXi)
0587 79 : R2/R3 = DCOSD(iX!i)
50 S50 72 0587 79 MNEGD RO, RO : RO/R1= =DSINDCiX})
05 O05BA 794 RSB
0588 795
05BB 796 SINCOSD:
SO FA71 CF 71 0588 797 CMPD D 45, RO : Compare 45 to iX!
26 14 05C0 798 BGTR SMALL _SINCOSD ; special processing for small arg
000009CB*EF 16 OSCS 799 JSB REDUCE _DEGREES ; R6/R7 = reduced argument
05¢C 800 : R3 = octant
7E 56 70 05C8 801 Mova R6, -(SP) ; Save reduced arg
53 oD 05C8 80§ PUSHL R3 ; Save octant bits
00000?75'EF 16 05C0 80 JSB EVAL_COSD ; RO/K1 = DCOSD(Y)
5 8E 90 05p3 804 MOVL (SP)¥, R3 : R3 = octant bits
56 6E D 0506 805 Mova (SP), R6 ; R6/R7 = reduced argument
6E 50 7D 0509 806 MOva RO, (SP) ; Save DCOSD(Y)
00000623 "'EF 16 05DC 807 JSB EVAL_SIND ; RO/R1 = DSIND(Y)
5¢ BE 70 OSEg 808 MOva (SP)¥, R2 : R2/R3 = DCOSD(Y)
05 O0SE 809 RSB
05E6 810
05e6 811
8556 815 SMALL _SINCOSD:
S 10 (c2 0566 81 SUBL #16, SP ; Allocate 4 Longwords on stack
6E S50 7D O0SE9 814 MOva RO, (SP) ; Save argument
00000689 EF 16 O05€EC 815 JSB SHAL% COSD : RO/R1 = DCOSD(:iX})
08 A 0 70 SFg 19 Mova RO, 8TSP) ; Save DCOSD(iX:)
5 E 7D O5F 1 MOVQ  (SP)+, RO : RO/R1 = argument
00000637 "EF 16 O0S5F9 13 JSB SMALL_SIND : RO/R1 = DSIND(X)
5¢ B8E 7D OS5FF 81 MOva (SP)+, R2 : R2/R3 = DCOSD(iX})
05 0602 820 RSB
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.SBTTL MTHSDSIND_R7
This routine computes the DSIND of the D-format value of RO/R1. The
computation is performed one of two ways depending on the size of the input
argument, X:

1) If IXi < 45, then X is used directly in polynomial approximation

of DSIND.
2) If 62 =< ixi, then the subroutine REDUCE_DEGREES is called to reduce
the argument to an equivalent argument in degrees, Y, and the

(elelelelelelelelelelelelelaielelele =]
AN N U LN NN N N NP NONO N RO NONON)

PININ) = bbbt b b 2 O OO O O OO O OCOOOOCOOOCOD = -

n
D
6 4
g 5
g 3
5 i
803 831
6 ; octant, containing the argument. Y is then evaluated in two
g { polynonia(s chosen as a function of I, to compute DSIND(X).
6 S MTHSDSIND R7::
50 73 06 9 181D RO ; RO/R1 = X
OF 18 06 3 BGEQ POS_SIND :
00000611'§F 1 607 838 JSB NEG_SIND : RO/R1 = DSIND(iX!)
50 0 7 60D 839 MNEGD RO, RO s RO/R1 = =DSINDC(iX:)
0 610 840 RSB
0611 41
0611 6; NEG_SIND:
SO 8000 8F AA 0611 4 BIC #~x8000, RO : RO/R1 = X!
0616 844 POS_SIND:
SO0 FA16 CF 71 0616 84S CMPD D 45, RO ; Compare 45 to X!
1A 14 0618 846 BGTR SMALL_SIND ; special processing for small arg
000009CB'EF 16 06 847 JSB REDUCE _DEGREES ;: R6/R7 = reduced argument
06 848 ; R3 = octant
06 849
06 850 EVAL_SIND:
07 00 53 gf 062 851 CASEB R3, #0, #7
068E' 0627 asg 18: .WORD P_SIN_D-1%
05E1' 0629 85 .WORD PZCOS_D-1$%
0SE1*' 0628 854 .WORD P_COS_D=-1$%
068E"* 86 D 855 .WORD P_SIN_D-1$% '
068B' 062F 856 .WORD N_SIN_D-1%
062F' 0631 857 .WORD N_COS_D-1%
062F' 0633 858 .WORD N_COS_D-1%
0688' 0635 859 .WORD N_SIN]D-1%
0637 860
0637 861
0637 86§ SMALL_SIND: _
SO FAOS CF 71 0637 gb CMPD D_SMALLD, RO : Compare 180/fi*2“~27 with ix!
8 14 06;( 64 BGTR 1% : No polynomial evaluation is
56 7D 86 i 365 Mova RO, Ré6 :  necessary
0671 ;1 24 69 BRW P SIN_D :
50 g 44 67 18: TSTD RO ; Check for zero
18 1 662 68 BEQL 3% : Return if RO =
S0 FANG CF 71 064 69 CMPD g SMALLEST_DEG, RO ; Check for possible underflow on
83 15 064D 870 BLEQ $ : conversion to radians :
06 31  064F 871 BRW UNFL : Underflow will occur on conversion
SO F9FA CF 65 65‘ 7; 2s: MULD3 D CgNVERT RO, R2 : R2/R3 = (gi/1 Yeix)
50 2300 §F A2 063 7 SUBW  #*X300, RO ; RO/RY = iXiv2* ,
0 2 8 65D 74 ADDD R2. : RO/R1 = DSIND = (pi/180) X
660 75 3s8: RSB
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gb} ;7 .SBTTL MTHSDCOSD_R7
621 73 : This routine computes the DCOSD of the D-format value of RO. The computation
661 0 ; is performed one of two ways depending on the size of the input argument, X:
gg} 1 ; Details are given in the discussion on MTHSDCOSD_R&.
661 ; MTHSDCOSD _R7::
30 73 0661 4 181D RO : Check for reserved operand
28 8000 8F AA 663 5 BICW c~xgooo RO : RO/R1 = (X!
FOC4 CF 71 066 ¢ CMPD D 45, RO : Compare 45 to X!
1A 16 066D 8 BGTR SMALL_COSD H
000009CB'EF 16 69F gs JSB REDUCE _DEGREES ; R6/R7 = reduced argument
6 : R3S = octant
67 90
67 91 EVAL_COSD:
07 00 53 F 067 9§ CASE R3, #0, #7
85 F* 0679 893 18: .WORD P_(0S_D-1%
6 S' 678 94 .WORD P_SINCD-1$
02 * 067D 95 WORD N_SIN_D-1%
05DD* 067F 896 .WORD N-COS_D-1%
050D* 0681 397 WORD N_COS_D=-1$
0639' 0683 898 .WORD  N_SINTD-1%
Og C' 0685 899 .WORD P_SIN_D-1%
058F"* 86 7 900 .WORD P_COS_D-1%
689 901
0689 90
0689 903 SMALL_COSD:
S0 F9B3 CF 71 0689 904 CMPD D_SMALLD, RO ; Compare 180/pi*2*-27 with X!
146 068E 905 BGTR 1% ; Check if polyinomial evaluation is
56 70 0690 906 Mova RO, R6 : necessary.
0572 31 0693 907 BRW P_COS.D : POLY needed
50 70 0696 908 1%: MOVD #7, RO : RO = 1. = DCOSDCiX}:)
05 0699 909 RSB
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9A 1
Sn 918
69A 914 .SBTTL REDUCE_MEDIUM
69A 915
69A 91? :
69A 917 ; This routine assumes that the absolute value of the argument, X, is in RO/R1
69A 913 ; and that pi/4& =< X! < 9*pi/4. It returns a pair of d-format values for the
69A 919 ; reduced argument: YHI in R6/R7, and YLO in R4&/RS5. The octant bits in are
gg: 3 ? s returned in R2.
o |
69A 9 § ; The reduced orgunent is obtained by locating the octant that X is in through l
gg: g ? ;2 binary search and then subtracting off a suitable multiple of pi/2
069A 925
069A 926 REDUCE_MEDIUM:
SO 8000 8F AA 069A 927 BICW #*%x8000, RO : RO/R1 = X!
50 F97S CF 71 069F 978 CMPD  D_S5_PI_OV_4, RO 3
11 15 06A4 9§9 BLEQ 5% ;X1 >= S*pi/4
SO F966 CF 71 06A6 930 CMPD D_3_PI_OV_4, RO
05 15 06AB 931 BLEQ 38 : IXY >= 3xpi/4
52 01 D0 06AD 93; MOVL #1, R2 ; First quadrant
16 11 0680 93 BRB SUBTRACT
06B2 934
52 03 D0 06B2 935 3s: MOVL #3, R2 ; Second quadrant
1 11 06B5 936 BRB SUBTRACT
0687 937
S0 F965 CF 71 06B7 938 5%: CMPD D 7_PI_OV_4, RO ;
05 15 06BC 939 BLEQ 7% : XL >= Tpi/4
52 05 D0 O06BE 940 MOVL #5, R2 ; Third quadrant
05 N 82%1 821 BRB SUBTRACT
5¢ 07 0O OGC% 96; 78: MOVL #7, R2 ; Fourth quadrant
00 11 0606 944 BRB SUBTRACT
06C8 945
06C8 946 :
06C8 947 SUBTRACT: .
53 FD A24§ 3E 06C(8 948 MOVAW  =3(R2)[R2), R3 : R3 = index into PI_0OV:2 table
53" F996 CF43 DE 06CD 949 MOVAL  PI_ov_2(R3], R3 : R3 =_pointer into PI_OV_2 table
56 50 B3 63 06D3 950 SUBD (R3)+, RO, R6 : R6/R7 = 1st approximation to YHI]
02 15 06p7 951 BLEQ 1% : .= YHI' )
52 D6 0609 9S§ INCL R2 : Adjust octant bits
54 56 8000 BF AB 06DB 953 18: BICW3  #*x8000, R6, R4 : Re = high 16 bits of !YHI'} _
54 2700 BF B1 O06E1 954 CMPW #*X2700, R4 ; Check for at least 6 significant bits
0C 14 82%8 ggg BGTR NOT_ENOUGH_BITS :
5« 56 70 O06E8 957 Mova R6, R4 : R4/RS = YHI' )
57 D& 06EB 958 CLRL R7 : R6/R7 = high 24 bits of YHI' = YHI
5« 56 6 6ED 959 SUBD R6, R4 : R4/RS = low bits of YHI'
54 83 6 6rg 960 suBD  (R%), Ré : R4/RS = YLO
0 6F 961 RSB
6F4 96
6F4 963 NOT_ENOUGH BITS:
SO 63 7D 06F& 964 mova (R3), RO 3
S0 003F0000 8F CA Q6F7 965 BICL  #*x003F0000, RO :
51 D4 9FE 966 CLRL R1 :
5« 83 50 63 00 967 SUBD3 RO, (R3)+, R4 3
56 50 62 0704 968 SUBD RO, R6 : R6/R7 = YHI
{
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2-007 REDUCE _ Ao 6-SEP-1984 11:33:?? !nruan.snc:nruosxuco.nAn;1 %® (G9

975 .SBTTL REDUCE_LARGE
i :
978 : This routine is used to reduce large arguments (iX! >= 9*pi/4) modulo pi/a.
979 ; It returns the reduced argument, Y, in R4/R7 in units of cycles, and returns
33? : the octant bits, I, in R2.
3%5 § The method of reduction is as follows:
984 ; x*(4/pi) = 2*n+*f+(4/pi) where n is an integer and 1/2 =< f < 1
985 S lnrseratansantTe et y
989 5 = (2*56+f)*(2*(n=56)*4/pi)
987 ; = K*(C, where K = 2*56*f is an integer and C = 2+*(n=56)+*4/pi
988 Let L = K*C modulo 8, where 0 =< L < 8, and let | = the integer(L) and
883 : h = fract(L), then if | is even Y = h, otherwise Y = 1=h
33% : CONSTANTS:

00001E80 99 L_INT WEIGHT = “X1E80 ; weights exponent by 61

00001000 994 W_TERM _WEIGHT = “X1000 : weights exEonent b; 32

00004000 995 W_MAX QEIGHT = ~X4000 ; maximum unbiased exponent

00000039 996 W_ADJOST = *X39 ; Used to locate binary point in
997 :  MTHSAL_4_OV_PI table
998 D_2_T0_32:

00000000 00005080 999 .QUAD  *Xx5080 i a5
001
REDUCE _LARGE:

The first step_is to obtain the location of the binary point in the represen-
tation of C = 2*(n=56)*(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*56+f must be obtained.

50 8000 8F Ak BICW #*x8000, RO RO/R1 = IX)|
93 50 _FYSF % ROTL #-7, RO, R3 Shift exponext field 7 bits right
53 39 A2 SUBW IH-ADJU§T. R3 Unbias exp and adjust for leading

zeroes. R3 = location of binary

point
Divide R3 by 32 and mull bz 4 to get
R4 = # of longwords (in bytes) to
binary point.
Geg gtse address of MTHSAL_4_OV_PI
able

54 53 FD BF 9C
54 FFFFFFE3 B8F CA

52 00000000°'EF DE

ROTL  #-3, R3, R&4
BICL  #*XFFFFFFE3, R4

MOVAL  MTHSAL_&4_OV_PI, R2

o % 12 SUBL R4, R2 Rg 9oints to 1st quadword of interest
53 EO BF 8A BICB #*XEOQ, R3 R3(7:0) = # of bits within longword
S0 7FB0 BF AA BICW #*X7F80, RO ; Clear exponent field
50 4CO00 BF A8 BISW #4%x4C00, RO : RO = 2%24+f
50 50 6A CvibDL RO, RO : RO = High_24 bits of K
51 51 10 9¢C ROTL  #16, R1, R1 : R1 = Low 32 bits of K
02 18 BGEQ 1% ; Check for high bit of R1 set
50 D6 INCL RO ; Adjust RO if R1 is negative
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; The next step is to generate an approximation to C, call it C'' to be used
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in computin x*k/ C'' will consist of the first three integer bits of
C and the first ? fraction bits of C. These bits will be obtained from a
constant stored in the interger array MTHSAL_4_OV_PI.

NOTE: The ASHQ, ADDL, and MULL instructions in the follow sections may

result in an integer overflow trap. The overflow incurred is intentional,

s0 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
BICL # C<PSLSM_IV>, (SP) ; (SP) = current IV bit
BICPSW #PSLSM_IV™ ; Clear integer overflow bit

mo
]

0~
™m
o™
cr—
0

b LA LA TR DR TR TR TR T

7€ DC
6E FFFFFFDF 8F (A
20 89

The necessary calculation to produce the reduced argument can require up to
nine longuords of temporary work space. This work space will be allocated

E on the stack. The work space will be accessed though the use of three 5
; 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:
E 10: i § {==== SP i
E T1: § é i
: 12: | g |
; 3: ! E
: | seessccssssssssscans !
3 T4: | | C==== R4
: § D S i ;
: T5: E E
: T6: E §
E 17: i g
; 18: | {  <=-=- RS i
: i ' |
E The following code allocates the storage and sets up the pointers. |
SE 26 (2 SUBL #36, SP ; Allocate 9 longuords on the stack
% X 1N I3 ADDL #16, SP, R4 : R4 points to T
» %N . ADDL #32. SP. RS : RS points to T8

|
Get C'' = C(0):C(1):C(2):C(3) in T5/78. C(0) though C(3) are unsigned @
inte?ers generated from the binar representation of C. The high t ree b\ts '
of C{0) are the the first three bits to the left of the biner; oint of C, a
The remaining bits C(0) and C(1) though C(3) are the first 125 bits to the

right of the binary point of (. Note that the C(i)'s are adjusted to

compensate for their signed (rather than unsigned) 1nterpretetion in the EMUL i
instruction. Note also that the representation of ( has no more than 15 |
consequtive ones, so that no carry is possible from the adjustment. |

PP PP PP PN M AN A A AT AR AN A A A RN ANAMN AN AN AN AN ANANACOOS NSNS SSSS D

E
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

[elelelelalelelelelalelele alelelaleleclelelelelelelsolelelelelelelelelelelelelelalelelelelelelelelelelelelelelelele]
SN NSNNNNNNNNNNNNNNSNNNSNNNNNNNNNN NN NNNNNNNNNNNNNNNYNYNYNNNNNNNN
OO~ OO~ O~ O O~ O~ O~ O O O VYUY LA LA T AT T T T N A A T A T A NN W VAN TN IWAWIUVIWAVIWIWVIVIWVIVWA - T .
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00000000 ODO00D NN NN NN NNNNOOOOONONO O OO NNV S B 55 B 55 85 B B 8 B AR AN LN
00 NOMN S NN = OO0 NN W B N = OO0 00 NN N 8 N = OO 00 N O WSS LN = © O 00 N O VNS IR — OO 00 N O N B WWND
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076A 1089 ; |
76A 1090
57 54 0OC (1 ;ge } 31 ADDLY #12, R4, R7 : In:ta;%ize loop counter. R7 points
3 0
67 62 53 79 0;? }§3§ ASHQ R3, (R2), (R7) 3 Sh;gththecgaggeriguadword so that
: as in ‘
57 04 C §77 1095 SUBL #6, R7 ; R7 points to Té |
52 04 C 77 1099 2%: SUBL #6, R2 : R2 Roints to next quadword in ;
8778 109 : THSAL_4_OV_PI table '
¥y 8 B8 M 0;;C }833 ASHQ R3, (R2), (R?) : Sh;gg qgaauord 8°1t3.t C(n) is in ,
N -n o N = Gy |
03 18 877c 1100 BGEQ gs : Check for high bit of C(n) set |
08 A7 D6 077¢ 1101 INCL (R7) ; Bit set. Ad?ust Cin=1) q
FFEA 57 FFFFFFFC 8F 54 F1 0781 110% 38: ACBL R&, #=4, R7, 2% : Loog until C(0) though C(3) are in |
0788 110 : T5 though T8
0788 1104
0788 1105 ;
0788 1106 ; Generate the low 128 bits of the product K*C'' = L. This product is
0788 1107 ; equivalent to multiplying K times C'' modulo 8. The result of the
0788 1108 ; groduct is in T4/T7 with bits 31:29 of T4 the octant bits, and the remaining
0788 1109 ; 125 bits the faction bits of the product. The last 53 fraction bits (bits
0788 1110 ; 20:0 of T6 and 31:0 of T5) are non-valid fraction bits that will be used
0788 1111 ; Later if more fraction bits need to be generated.
0788 111% H
0788 1113 ; ’ i
0788 1114 ; Multiply the high order bits of K (R0O) times C'' and store the result in
0788 1115 ; T0/T72. ;
0788 1116
6E 00 04 A4 S50 7A 0788 1117 EMUL RO, 4(R4), #0, (SP) ;s TO/T1 = KHI*C(3)
0L AE 04 AE 08 A4 S0 7A 0791 1118 EMUL RO, 8(R4), &4(SP), 4(SP) ; T0/T2 = KHI*[C(2):C(3)]
64 OC A6 50 €5 0799 1119 MULL3 RO, 12(R4), (R&) : T4 = Low 32 bits of KHI*C(1)
08 AE 64 (0 8;25 }}5? ADDL-  (R&), B(SPJ : TO/T2 = KHI*C'' modulo 8
07A2 112§ ; Multiply the Low order bits of K (R1) times C'' and store the result in
07A2 1123 ; T4/T8.
07A2 1124
64 00 0& A4 51 7TA 07AS 1125 EMUL R1, 4(R4), #0, (R4) ; T4/TS5 = KLO*C(3)
064 A6 04 AG 0B A4 $1 7TA 07AB 1126 EMUL R1, 8(R4), &(R4), 4(R4) ; T4&/T6 = KLO*[C(2):C(3)]
08 A4 08 A4 0OC A4 51 7TA 0780 1127 EMUL R1, 12(R45. 8(R45. 8(R4); T4/T7 = KLO*[C(1):C(2):C(3)]
65 S1 C4 07B8 1128 MULL R1, (RS) ; T8 = KLO*C(0)
0C A4 65 (O 8;3? }}gg ADDL  (RS), 12(R4) : T4/T7 = KLO*C'* modulo 8
O;g: }}31 ; Add KHI*C'' to KLO*C'' to get K*(''. Store the result in T4&/T7.
04 A4 6 c0 87BF 11§§ ADDL (SP), 4(R4) 3 ‘
08 AL 04 AE D8 07C3 1134 ADWC  4(SP), B(R4) : |
0C A4 08 AE D8 §;Eg }}i; ADWC 8(SP), 12(R4) : T4/T7 = K+C'" modulo 8 ;
07¢CD 11%8 : At this point there may or may not be enough valid bits in R3/R4 to generate ;
07CD 1139 ; Y. If the first 12 fratction bits are all 1's or 0's, there a possibility of ,
07CD 1140 ; loss of significance when conpqtin? Y. Consequently, we must check for loss '
O;Eg }}2% . of significance before converting T4/T7 to Y and 1. ,
70 1143 ° |
65 FC AS 00200000 8F (1 §7CD 1144 ADDL3  #*X200000, =4(RS), (RS) ; If the first 12 fraction bits are 1's
65 3FCO0000 8F D3 0706 1145 BITL #*x3FC00000, (R3) ; and the reduced arg = 1-f or the
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37 7DD 114? BNEQ CONVERT ; first 7 bit are 0 and the reduced
7DF 114 ; arg = f, then (and only then) bits
7DF 1148 :  29:22 are 0 and significance will
7DF 1149 ; be lost.
7DF 1150
7DF 11;1 :

07DF 11 ; : More bits need to be generated to cover the loss of significance. There are
87DF 1155 ; not enough registers to hold all the potential entra bits, so that the bits
IDF 1154 ; already generated must be put on the stack.
07DF 1155 ;
07DF 1156
0000090B'EF 16 O7DF 1157 JSB GEN_MORE _BITS ; Generate 85 additional bits and add
O7ES 1158 : them to exigting bits. Results are
07ES 1159 : stored in
5¢ 04 (2 O7ES 1160 SUBL ¥4, R4 ; Adjust R4 to reflect the addition of
07E8 1161 ; another longword of K+(C'
1S FCAS 10 EO O7Es 116§ BBS #29, -4(RS), & ; Check if Loss of significance is due
07ED 116 ; to leading ones or zeros
O7ED 1164
8;%8 }}gg : Lost significance due to leading zeros
65 10A4 15 00 EA O7eED 1167 FFS #0, #21, 16(R4), (RS) ; 1f at least one b\t is set. This
21 12 O07F3 1168 BNEQ CONVERT ;: means lost si gn ificance was minor.
OC A&  1FFFFFFF BF D1 O7FS 1169 CMPL # X1FFFFFFF, 12(R4) : If one of the three high bits is set,
17 15 07fD 1170 BLEQ CONVERT : lost significance was minor.
0082 3 8585 }};1 BRW LEADING_ZEROS
838% }};g ; Lost significance due to Leading ones
65 10A4 15 00 EB 0802 1175 4%: FFC #0, 021 16(R4), (RS) ; If at least one bit is clear. This
0OC 12 0808 1176 BNEQ CONVERT ; means lost significance was minor.
0C A4 EOO00000 BF D1 O0BOA 1177 CMPL #‘XEOOOOOOO 12(R4) ; 1f one of the three high bits is

02 1E 0812 1178 BGEQU  CONVERT : clear, lost significance was minor.

388 11 0814 1179 BRB LEADING_ONES

0816 1180
0816 1181
0816 118; CONVERT:
0816 118
0816 1184 ; Isolate octant bits and convert fraction bits to a pair of D-format
83}2 }}gg 3 quantities YHI and YLO
65 FCAS 03 10 EF 0816 1187 EXTZV  #29, #3 -4(RS) (RS) TB octant bits
FC AS _E0000000 8F CA 081C 1188 BICL c*xéoooéooo 4(RS) : Clear octant bits :

5¢ 55 0C (3 88%4 1139 SUBLY #12, RS, : R4 oint to low order bits of h

00000951'EF 16 0838 1190 398 CVT 10.BoUBLE : RO/RY §~ *holo
0826 1191 : Rb/r? = 9*h”hi

56 0E80 8F A2 08 119§ SUBW #*XEBD, R6 : R6/R7 = h_hi

02 14 08 119 BGTR 33 ; Check for"h_hi = 0

56 D& 08 1194 CLRL Ré ; Restore h_h7 to 0

50 Bg g 1195 3% TSTW RO ; Check for™h_Lo = 0

05 1 9 119? BEQL 1%

50 OE80 8F As 8 119 SUBW #*XEB0, RO : RO/R1 = h_lo
07 65 E 082 }}88 1 BLBC (RS), 2% ; Check for odd or even octant bits
ggz }§§? 3 Octant bits are odd. Reduced argument equals 1 - h,
56 08 56 63 43 1202 SUBD3 R6, #1, R6 : R6/R7 = ¥ =1 = h_hi
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MNEGD RO, RO ; RO/R1 = =h_lo |
: Get octant bits
2s: MOVL 32(SP), R2 ; R2 = octant bits
BRW GET_vui_vLo

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. Durrn? this time the nine lLongwords
allocated on the stack will be used as follows:

50 50 72 47

4A

Eu

2 35 8 E
08

4

T0/72 Temporary storage used when generating extra bits.
13/17 Contains all significant bits generated so far.
18 Contains a counter, W, indicating the appropriate exponent

gf ;he last longword of fraction bits used in converting
oY.

LEADING_ONES :

: If processing continues here it is known that the loss of significance is due
: to a string of lLeading ones.

65 00001E80 8F DO MOVL #L_INT_WEIGHT, (R5)

18 = exg bias for Last longword
3

e i e e e e i e e e D D el D D e o o il o e ol e el D el el el el i el e ) i e el ) i D el D e e e e e el e e i el e e il e e
OO NN NN = OO0 N S IR = OO 0O NN S IR = OO0 00 N0 N 8 LN = OO 00 NN N IND = OO 00 O W S W

2
g
¢
2
2
2
2
2
¢
2
2
e
2
2
2
2
2
2
2
g

O NNV NNIN O ONI O 000D 00 —2 = b b b e d o e e e d b o e e e e o e e b Y o B
VIS S5 85 85 85 85 85 85 5 8 WU NN N NN NN RO RO N PO PO RO RN A = b b b e e e ek ek b O O

5 of the product K+(C'
OC A4 FFEOO000 8F D LOOP_1: CMPL #*XFFEO0000, 12(R4) ; Check for enough significant bits
¢E 1A 6 BGTRU  CONVERT_1 3 Enou,h bits. Convert to floating.
0000090B'EF 16 6 JSB GEN_MORE BITS : T2/77 contains K«C'"'
OC A4  FFFFFFFF BF D1 6 CMPL #-1, 12(R4) ; Check for all 1's
1€ 1A 087 BGTRU  CONVERT_1 : Not all 1's. Enough precision bits
87 ; to compute Y )
08 A& 04 A4 7D 087 Mova 4(R4), B(R4) ; Compress representation
64 FC A4 7D 087 MOVQ  =-4(R4), (R4) :  of Ke('"
FFD3 65 1000 8F 4000 8F 3D 087 ACBW  #W_MAX WEIGHT, #W_TERM_WEIGHT, (RS), LOOP_1
88 : Increment weighting factor. 1If
88 3 uolght1ng factor is greater than
88 : 1024 then no more bits need to be
gg : generated.
88 : A ; A
88 : The ue1ghg1ng factor is greater than 1024. This means that the reduced
Bg : argument is either not distinguishable from 1 or too small to be represented
8 : in F-format (i.e. underflow.) Zero is returned in R4 for the reduced
88 . argument to signal this occurance. Note that under these conditions the
88 : correct function value is one of the values 0, +/-1. The :
88 ; correct choice is determined by the calling program based on the octant bits
§g ; returned in R1,
53 D4 s CLRL R3 ; Reduced argument is zero
52 08 AE 03 1D SF g EXTZV  #29, #3, 8(SP), R2 : R2 = octant bits
0074 31 088 BRW RESfoRE
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22007

56 04

00000951 EF

56 FE72 CF 56

Sg 50

52 FCAS O 10
56 25

0

4

50 65

45

65 00001E80 8F

0C A4  OOTFFFFF ?g
00000908 EF

0C A4

10

08 A4 04 A4
64 FC A4

65 1000 8F
0B

54 04
00000951 EF
52 FCAS 03 1D
56 65
30
50 6%
56 56
57
56 56
5¢ S50
24 A
SE 25

e
m
o™
cCr—
o0
me
»2D
0
D

CONVERT_1:
A

=SPANANNNTTNOW ONO

-y OYM YO =
00 00 o 00 0000 0o 00 00 00 000D 00 0D0D000D |

mwmw>>s>>o~o~o~o~oo~o~o |

S HSNOTMODON MOV WOOOO

Sissszasas

—_ P NN O b e O
= OVONOVIOND —

W™ MO

=DM ==

GET_YHI_YLO:
M

oo~
"0

on

o
P NS =MO OO0 NN OOWOOOMOWVMOMI NN

OO I MM MMM MIMMMMMMMOUOOOOOO

onm®
woo

L)
o
— e e e e e =t O OO OO OO O OO0 O OO OO OOV VOO0 0000000000000 NN NNNNNNNNOO OO0

e leleleleleleleleleleleleielolelelelelelisiolelelelclelellelelclelelelelelelelelelelelelevleleleleleelelelele =]
WS WIN = OV NO WS NN 2OV N NS AN 2 OO0 00 NOMN S AN = O O 00 NN M S N = OO 00 NN SS WIN = O

O O O O O O O 08 G O 0o 0o Co Co G G0 G0 0o 0o OG0 G0 C Co Co Co o Co Co 0o 0o

NN N U A U N N U NN N N

@

DDL
JSB

SUBD3
MNEGD
EXTIV

SUBL
TSTW
BEQL
SUBL
BRB

LEADING_ZEROS:

; If processing continues here it is known that the lLoss of significance is due
Note that it is known that the loop for
leading zeros will terminate before an underflow condition occurs so that the
loop does not include a test for underflow.

FL_INT_WEIGHT, (R5)

to a string of

MOVL

LOOP_0: CMPL
BLSS

JSB
TSTL
BNEQ

Mova
Mova

ADDW

BRB
CONVERT_O:
AD

DL
JSB

EXTZV

SUBL
TSTW

BEQL

SuBL

ova
CLRL
SuBD

ADDD
RESTORE:
BISPSW

ADDL
RSB

cvf_To_pousLE
R6, D_2_7T0_32, Ré
RO, RO

#29, #3, =4(RS), R2

(RS§, Ré
0

(R3J,
GET_YHI_YLO

leading zeros.

#*X001FFFFF, 12(R4)
1.0

GEN_MORE_BITS

12(R&)

couveatao

-4 (R4S,
#J TERM

cvi_To_pousLE
-4(RS), R2

LERA TE R TR A TR ER 1)

GET_YHI YLO
(R57, RO

#40, SP

oint Sine, Cosine ondGS}:cos 12:2%;:}332 ?}ggg:gg ¥AXIVHS Macro V04-00

MTHRTL.SRCIMTHDSINCO.MAR;1

R4 points to low bits of h
RO/R1 = 2*W*h_lo

R6/R7 = 2*W*h hi

R6/R? = 2*W*(T = h_hi)
RO/R1 = =2*W+h _lo

R2 = octant bits

R6/R7 = 1 = h_hi

Check for h_Lo = 0

RO/R1 = = h_lo

; T8 = exp bias for lLast lLongword

of the product K+('

Check enough fraction bits

Enough bits., C(onvert to floating
T2/R7 contain K+(C'*®

Check for all 0°'s

Not all 0's. Enough precision bits.

Compress representation
of Ke(C*'' .
Increment weighting factor.

R4 points to low bits of h
RO/R1 = 2*W*h_lo
R6/R7 = 2*Wth hi
R2 = octant bits

R6/R7 = h_hi

Check for h_lo = 0

RO/R1 = h_lo

R4/RS = high bits of ¥

R6/R7 = high 24 bits Y = YHI
R4/RS = YLO

Restore IV bit and exit
Remove mask and temporary storage

it
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2-00 REDUCE _LARGE 6-SEP=1984 11:22: MTHRTL.SRCIMTHDSINCO.MAR: 1 (19
9 1317 GEN_MORE _BITS:
308 1315
908 1320 E This subroutine aenoratos 85 extra fraction bits and puts them to the
90B 1321 ; existing bits. NOTE: This routine is always entered 810 a JSB instruction.
908 1 g 3 Conse?uontly. SP points to the first longword BEFORE TO, rather than T0
908 1 ; itself.
908 1355 °
52 04 (2 0908 1 9 SUBL #4, R2 ; Adjust gointer to get next quadword
90E 1 : rom MTHSAL_4_OV_PI
56 62 S; 79 905 1 s ASHQ R3, (R2), Ré : R? = C(n)
1 18 08%6 } 3 BGEQ 1% ; Branch if high bit is clear
08}2 } 1 ; Logic to process unsigned values greater than 2°31 - 1
04 AE 00 57 51 7A 8914 1 § EMUL R1, R7, #0, 4(SP) :
08 A; §1 0 091A 133% ADDL  R1, B(SP) : T0/T1 = KLO*C(n)
08 AE 08 AE ) 50 A 091; 1335 EMUL RO, R7, 8(SP), B(SP) M
0C AE 50 0 09 1 9 ADDL RO, 12(SP) : T0/72 = K+«C(n)
0D 1" 83 g } é' BRB 2%
83 g } ‘8 ; Logic to process unsigned values less than 2*31
04 AE 00 57 51 7A 0928 1341 1$: EMUL R1, R7, #0, 4(SP) : TO/T1 = KLO*C(n)
08 AE 08 AE 57 50 7A 8331 } 2§ EMUL RO, R7, 8(SP), B(SP) : T0/T2 = K+C(n)
83§§ } 2; : Add new bits to old
06 ¢ OCAE b8 093¢ 1303 2% ABE  }5E0s.Rhre :
08 1€ 0941 1348 BCC . : Check for carry from previous add
08 A6 D6 0943 1349 INCL g(Rk) ;. Propagate carry :
03 1¢ 0963 1350 BCC £ ; Check for carry from previous add
0C A4 D6 894 1351 INCL 12(R4) ; Propagate carry )
FC A& 04 AE DO 0948 1 Si 38: MOVL 4(SP), =4(R4) ; Move new low order bits to end of
0950 135 : of old low order bits
05 0950 1354 RSB :
0951 1355
0951 1 59
0951 135
SR
951 1360 CVT_TO_DOUBLE:
i
951 1 6§ : This routine converts an array of three longword gointed to by R4 to a pair
951 1364 ; of D-format values. The results are returned in RO/R1 (low 48 bits) and
35} } 25 ; R6/R7 (high 48 bits).
50 84 ?g 321 } g? ggAtD 524)*. RO ; RO/R1 = Low 32 bits of h
07 14 953 1 93 BGTR 1% : Adjust for signed
646 D6 0958 1370 INCL (RG) : conversion error
AR R < M BT
: ropagate ca
S0 1000 8F A3 O03F 1378 15:  SUSG  Su TERM_VEIGHT, RO t ROZRI = CLow 32 Dits of h)/2432




|
1 14 j
MTHSDSINCOS : Floating Point Sine, Cosine and Sincos 16-SEP=-19 1: AX/VMS Macro V04=00 Page 31 |
2-009 ﬁeo E_LAa GE -SEP-1936 ? 59 ig MTHRTL. SRC JMTHDS INCO. MAR;1 D (?9)}
s
FC AL 64 FFFFOO00 BF C 964 1374 2%: BICLS  #*XFFFFO000, (R&), =4(R4) |
g4 FC A ¢ g D 1375 SUBL =4(R4), (R4S : |
2 FC A4 1 7? CVILD =4(R4), R2 3
50 g ? g; } ; 3288 i. RO ; RO/R1 = (low 48 bits of h)/2*32
50 1800 F A 97A 1 78 SUBW #W_TERM WEIGHT, RO s RO/R1 = (lLow 48 bits of h)/2‘66
4 65 97F 1 ? 3s: CVILD (RE)+, R2 : R2/R3 = next 16 bits of h
9 1 982 1 BEQL 5% :
2 14 0984 1 ; BGTR /A9 : Ad&ust for signed convcrsion error.
36 DS 9 8 1 INCL (R4G) : ;e that no carry is poss bi
52 1000 8F A 9 1384 4$: SUBW #W _TERM WEIGHT, RZ2 : R2/R (next 16 bits of h)/Z" 2
56 84 6 9 1385 S5%: CVILD (R%Z), RE ; R6/R7 = high 32 bits of h
Brt Y 9 1 9 BGEQ 6% 3 Adjust for signed conversion
56 FD7A gr 6 992 138 ADDD D_2_70_32, Ré :
56 2 60 0997 1388 6% ADDD RZ2.7R6 : R6IR7 = (high 48 bits of h)/2*32
5 R
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MTHSDSINCOS Floating Point Sine, Cosine and Sincos 16=SEP=1984 01:20: AX/VMS Macro V04-00 P 5
3007 REDUCE _DEGREES 8-3Ep-1084 11:59:35 YRTURTL. SRETRTHDSINGO.mAR:1 P29 3By
ggg .SBTTL REDUCE_DEGREES
996 ; This routine assumes that the absoluto value of the argument is in RO/R1. f
9 : The reduction process is performed in two i ges The first stage of ;
998 ; the reduction reduces the argument modulo 36 3 value less that 3 o ‘
338 ; and the second stage reduces the argument nodulo 45 to a value less than 45.
333 ; Constants used in this reduction:
998 i
998 POWER_MOD 360 0: : P s of 2 modulo 360 for t1 = 0
008 0004 0002 0001 09  O0R 1. ity ¥ g o s
080 0040 00 010 09A UORD 16, g , 64, 12
00F8 0130 0098 0100 33? .WORD  256. 152, 304, 248
98 POWER_MOD_360_1: P f 2 modulo 360 for t1 <> 0
0008 0088 0110 0088 098 "00RD™ 136, ety ' g ot
0080 0040 0020 0010 9Bg .WORD 16, g 86. 128
00F8 0130 0098 0100 83%8 LWORD 256, 1 304, 248
09C8
09CB
9CB REDUCE _DEGREES:
SO SC00 8F B1 09CB CMPW #*x5C00, RO : Compare !x! with 2*55
49 14 8330 BGTR  LAST_STEP : Branch to special logic for med arg
090 :
/444 : It is assumed here that the argument is greater than 255,
090 The ar unont is reduced as follows:
09D 5'; x = 2*t+f, where t > 56 and 1/2 =< f < 1. And let J = 2*56+f =
09D 0+J1 + J2 nd K = 2*(t=56). Since 2*30 = 64 modulo 360. we have that
09D lo _360. Now let t' =t = 56 = 12+t]1 + t2. Note that

64r)
(2‘12)‘2 = (2 )'(2‘15) = (2‘9)1(2‘3) = 21

LA TE TR PR PR PR PR PR N

o
O
o
e el el el el e e e e e D e B e D B D D D B D D D B D D D D D e D D e e e D e D ) D D ) e D D e e D e D e e D el e D ™

T Y T Y T T T TSy YYY Yy
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090 12 nodul 360. Hence, if t1 is
090 not zero, 2t = 2‘(12tt10t2) = (2*12)+(2*t2) = 136*2*t2 nodulo 360.
09D For t1 = 0 K = 2‘t§ Consequently, define K' congruont to 2*t2 if t1 =0
09D and congruent to 136+*2*t2 otherwise, where 0 =< K 360. Then x' =
838 K'#(64*J1 + J2) is congruent to s modulo 360 and x' < 2%56.
52 50 DO 09 MOVL RO, 3 RZ = high longword of X
50 00007F80 8F CA 09D BICL O‘XTF 0, RO : Clear exp bits of X
S0 SCO0 8F A8 09DC BISW #*%x5C00, RO 3 0/R1 z )
2 W ¢t §3Ez SUBL RO, R? 3 R2 = t'e247
gS 50 70 9E4 MOva RO, R3 : R3/R4 =
S1 FFFFSFFF BF CA 89E7 BICL #AXFFFF3FFF, R1 : RO/RY = J1'2‘30
S3 S0 6 9EE SUBD RO, R3 : R3/R4 = J2
50 0C00 8F A 89F1 SUBW #*XC00, RO : RO/R1 = 641
o 33 ¢ 08;8 ADDD R3, RO : RO/R1 = 64+J1 + J2 = ) modulo 45
52 52 F9 8F 9C 9F9 ROTL -7, R Rg t:Rg=1¢'
3 Sg 0C A7 9OF DIVW3 01% 4 : RS = t1
5 gg At A MULV : RS = 1S't1
52 A2 : SUBW R3, RZ s RE=1t
53 B5 O0A g TSTW  R3 : Check for t1 = 0 and choose K'
07 12 O0AOA BNEQ 1% : accordingly
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2-089 ﬁEDUCE_DEaREES 6-SEP-1936 ?1:5%:?2 !HIHRTL.SRCJHTHDSINCO.HAR:1 v (gO)
52 8B AF4 ?o A? 14&8 CVIWD  POWER_MOD_360_OCR2], R2 ; R2/R3 = K'
0 1 0A 14 BRB b :
52 98 AF& 6D OA1 16451 18: CVTWD PSHER mop_360_1(R2], R2 ; RSIRS =K'
5 5 64 Al 14 i 2%: MULD R2, RO : RO/RT1 = X' (mod 45) 0 =< RO < 2*55
A1B 162
A1B 1454
A1B 1455 LAST_STEP:
A1B 165? :
:}g }25 ; Argument reduction scheme for arguments with absolute value less than 2*55
A1B 1623 : The reduced ar?unent Y is computed as follows:
A1B 1460 ; Let I = intiX/45)
A1B 1461 ; it I is even
0A1B 1665 3 then Y = X = 45+
QA1B 1463 ; else Y = (I+1)%45 - x
0A1B 1464
A1B 1465
50 5200 8 B1 OQA1B 1466 CMPW #*x5200, RO ; Compare 2*36 with X!
24 18 0A 1467 BGEQ NO OVERFEOH :
56 SO F622 CF 65 8: }263 MULD3 D_T_OV_45, RO, R6 : R6/R7 = IXi/45
0A 1490 :
8: }2;1 ; Turn off IV to avoid an exception in EMODD
52 DC 0AZ28 147§ MOVPSL R2 : Move PSL to R2
52  FFFFFFDF 8F CA 8A§A 1474 BICL #*C<PSLSM_IV>, R2 ; Save current [V bit
20 B9 0231 }2;2 BICPSW #PSLSM_IV ; Turn off integer overflow trap
¢ 53 56 00 08 74 0A3§ 1477 EMODD #1, #0, R6, R3, R& ;: R3 = low 32 integer bits of !X!/45
0A39 1478 : R4/RS = fractional part of IX!/45
0A39 1479
52 B8 8:%; }28? BISPSW R2 : Restore IV bit
56 S& 62 O0A3B 1‘g§ SUBD2 R4, R6 : R6/R7 = Integer part of iX!/45 = ]
27 S3  E9 OQA3E 148 BLBC R3, EVEN :
56 08 60 O0A4T1 1484 ADDD2 #1, R6 : R6/R7 =1 + 1
12 11 0QA44 1485 BRB obD
A6 1486
AL 1487
0A46 1&33 NO_OVERFLOW:
S 53 S0 0B FSFE CF 74 0QA46 1489 EMODD D_1_0V_45, #X_1_0v_45, RO, R3, Ré
OA4E 1490 : R3 = 1 = integer part of iXi/45
14 53  E9 OA4E 1491 BLBC R3, CvT : Branch if octant bits are even
56 S3 21 C1 AS1 149§ ADDLS #1, R3, R6 s R6 =1 +1
56 6 6E O0ASS 149 CVILD Ré, R6 : R6/R7 =1 + 1
56 FSD4 CF 64 OASB 149% ODD: HULDS D 45, R6 : RO/R7 = 45*(]+1)
56 S0 62 O0ASD 1495 suBD2 RO, Ré : R6/R? = ¥ ,
S3 8 8F B8A 0A60 169? BICB #*XF8, R3 ; Save only last three octant bits
bt ugg e
Sg 53 6E O0QA65 1499 (CVT: CVILD R3, Ré6 : R6/R7 = 1
56 F5CC gf 64 O0A68 1500 EVEN: HULDS D _M4S, Ré : R6/R7 = =45¢«]
56 50 60 OA&D 1§81 ADDDZ RO, Ré : R6/R7 = Y :
53 F8 8F A 0QA70 1 i BICB #*XF8, R3 ; Save only last three octant bits
05 O0A74 15 RSB
A?? 1504
A75 1505
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MTHSDSINCOS Floating Point Sine, Cosine and Sincos 16=SEP=1984 01:20: AX/VMS Macro V04-00 Page 34
2-039 keouce_oegness 6-SEP-1924 ?1:3?:2? !nrunrt.snc1nrnosxnco.nAn;1 . (32)
A7S 1507
:; } §s .SBTTL RADIAN_POLYNOMIALS ; Polynomials for arguments in radians
A75 1510
A75 1511
A75 1 1§ :
:; }5}4 ; Polynomial evaluation for DCOS(CY) for Y in radians
A7 1§1s
A75 1 19 P_COS_R:
53 sg 8000 8F AB OQA75 151 BICW3  #~x8000, R6, R3 :
S 4000 gF -} A?S 1513 CMPW #*%X4000, R : Compare 1/2 with !YHI!
1 14 0A80 151 BGTR LEQL _MALF ; Sufficent overhang is available
0A82 1520 NEEDS_DOUBLE :
7TE  S& 7D O0A82 1521 MOova R4, =(SP) : Save YLO
7E 5S4 56 61 8Ag 15 g ADDD3 Ré, R4, =(SP) : Save Y
50 6 es 65 O0A89 15 MULDZ  (SP), (SP), RO : RO/R1 = ¥
F67S CF 07 SO 75 OABD 1524 POLYD RO, #COSLENR2-1, COSTBR2: RO/R1 = Q(Y*2)
S¢ S6 BE 61 0A93 1525 ADDD3  (SP)+, R6, R4 : RG4/RS = Y + YHI
¢ BE 64 O0A97 1526 MULD (SP)+, R& : RG/RS = YLO*(Y + YHI) = A2
05 13 0A9A 1527 BEQL 1$ : Check for A2 = 0
54 0080 BF Ag 0A9C 1528 SUBW  #*X80, R4 : RG4/RS = A2/2
50 5S4 62 O0AAT 1529 18: SUBD R4, RO : RO/R1 = G(Y*2) - A2/2
56 56 64 O0AAL 1530 MULD Ré, R6 : R6/R7 = YHI*?
56 0080 BF Ag 0AA7 1531 SUBW  #*X80, Ré : R6/R7 = YHI*2/2
56 08 62 O0AAC 15%; SUBD  #1, Ré P R6/R? = =(1 = YHI*2/2)
50 S6 62 OAAF 15 SUBD Ré6, RO : RO/R1 = DCOS(Y)
05 0AB2 1534 RSB
0AB3 1535
0AB3 1536 LEQL_MALF:
56 5S4 0ABZ 1537 ADDD R4, Ré : R6/R7 = ¥
56 56 64 0AB6 1538 MULD  Ré6. Ré : R6/R7 = Y*2
F609 CF 07 56 75 O0AB9 1539 POLYD R6, #COSLENR1-1, COSTBR1: RO/R1 = DCOS(Y)
0ABF 1540 RSB
0ACO 1541
0ACO 154;
0ACO 1543 ; : 3
OACO 1544 ; Polynomial evaluation for =DCOS(Y)
0ACO 1545 ;
0ACO 1546
ACO 1547 N_COS_R:
S3 S6 8000 8F AB OACO 1548 BICW3  #~x8000, R6, R3 : _
§3 4000 8 B1 O0AC6 1549 CMPW ™ #*X4000. R3 : Compare 1/2 with !YHI!
2 14 O0ACB 1550 BGTR 2% : Sufficent overhang is available
7€ & 70 O0ACD 1551 MOVQ R4, =(SP) : Save YLO
76 S4 56 61 0ADO 155; ADDD3 R6, R4, =(SP) : Save Y
S0 &E &F 95 AD4 155 MULD3Z  (SB), (SP), RO : RO/R1 = Y+
F62A CF 0 SO 75 O0AD8 1554 POLYD RO, #COSLENR2-1, COSTBR2: RO/R1 = Q(Y*2)
S« 56 B8E 61 OADE 1555 ADDD3  (SP)+, R6, R& : RG/RS = Y + YHI
54 E 64 OAE2 1556 MULD (SP)+, R& : R4/RS = YLO*(Y + YHI) = A2
13 0AES 1557 BEQGL 1$ : Check for A2 = 0
S4& 0080 BF As AE7 1558 SUBW  #*X80, R& : R4/RS = A2/
0 54 62 OAEC 1559 18: SUBD R4, RO P RO/R1 = Q(Y*2) - A2/2
6 56 64 OAEF 1560 MULD  R6, Ré : R6/R7? = YHI*
56 0080 BF A2 O0AF2 1561 SUBW  #*XB80, Ré . R6/R7 = YHI*2/2
go ga 62 OAF 156; SUBD  #1, Ré P R6/R7 = =(1 = YHI*2/2)
50 56 SO 63 OAFA 156 SUBD3 RO, R6, RO : RO/R1 = =DCOS(Y)
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MTHSDSINCOS Floating Point Sine, Cosine and Sincos 16-SEP-1984 01:20: AX/VMS Macro V04=-00 Page 35
2-009 ﬁADlAN-POEYNOHIALS ; Polynomials for arg 6-SEP-1934 ?1:32:;? ¥HIHRTL.SRCJHTHDSINCO.HAR:1 . (32)
05 OAFE 1564 RSB
56 & 60 ::; } 25 2$ ADDD R4, Ré R6/R7 = Y
Sg 26 4 8; 1 6? MULD R6, R6 : RO/R? = Y2
FSBD gf 0 56 5 1563 POLYD R6, #COSLEMR1-1, COSTBR1; RO/R1 = DCOS(Y)
0 8000 8F A 808 159 XORW #*x8000, RO : RO/R1 = =pCOS(Y)
0 881 1570 RSB
B11 1571
0811 157; :
0B11 1573 ; Polynomial evaluation for =DSIN(Y)
0B11 1574 ;
8811 1;75
B11 1 79 N_SIN_R:
54 8000 8F AC O0B11 157 XORW #+X8000, R4 3
56 8000 8F AC 0B16 1578 XORW #*x8000, Ré6 : R4/R7 = =Y
0B1B 1579
0B18 1580 ;
0B1B 1581 ; Polynomial evaluation for DSIN(Y)
0818 1583 :
0B1B 15
0B1B 1584 P_SIN_R:
43 5« 7D O0B1B 1585 MOova R4, =-(SP) ; Save YLO
7TE 56 54 61 0815 1586 ADDD3 R4, R6, =(SP) ; Save Y
54 6E 6 65 0B22 1587 MULD3  (SP), (SP), Ré4 : R4 = ¥*2
F61C CF 07 5S4 75 0B26 1588 POLYD R&, #SINLENR=1, SINTBR ; RO/R1 = P(Y*2)
S0 BE 64 0B2C 1589 MULD (SP)+, RO : RO/R1 = Y+P(Y*2)
50 8¢t 60 08%? 1590 ADDD (SP)+, RO : RO/R1 = YLO + Y+P(Y*2)
50 S6 60 0B32 1591 ADDD  Ré, RO : RO/R1 = Y + Y*P(Y*2) = DSIN(Y)
05 0B35S 159§ RSB
0B36 159
0B36 1594
0B36 1595
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Sine, Cosine and Sincos 16=-SEP-1984
S ; Polynomials for argu 6-5EP-1984

.SBTTL CYCLE_POLYNOMIALS ;

CMPD
BGEQ
Mmova
ADDD
MULD
POLYD
ADDD3
MULD

RSB

ADDD
MULD
POLYD
ADDD
RSB

3 Polynomial evaluation for DCOS(CY) for Y

D _2_0V_PI, R6
28

R4, =(SP)

R6, R4, =(SP)

(SP), (SP), RO

RO, #COSLENC2-1, COSTBC2
(SP)+, R6, Ré4

(SP)+. R&

1%

#*%X100, R4
R4, RO

R6, R6
#°X100, R6
#, R6

R6, RO

R4, R6 :
R6,

R6 :
R6, #COSLENC1-1, COSTBC1;
#1, RO :

: Polynomial evaluation for -DCOS(Y)

D 2_OV_PI, R6
s

(SP), (SP), RO
RO, #COSLENC2-1, COSTBC2
(SP)+, R6, Ré4

(SP)+. R4’
1%

#°X100, Ré
R4, RO

R6, R6
#4X100, R6
1, R6
RO, R6, RO

o

5

il

~ ~
w

) v
~
Sesenenan

LA TR PR TR PR PR PR TR

R4, R6 :
R6, R6 :

ITATETEATATATE TR PR PR PR TR PR TR R T

11:82:38 EATARTC. SRESRTMDsiNCo. man:1 P2 (3%,

Polynomials for arguments in cycles

in cycles

Compare 2/pi with (YHI!
Sufficent overhang is available
Save YLO

Save Y

RO/R1 = yY~2

RO/R1 = Q(Y*2)

R4/RS = Y + YHI

R4/RS = YLO*(Y + YHI) = A2
Check for A2 = 0

R4/RS = A2/4

RO/R1 = Q(Y*2) - A2/4
R6/R7 = YHI*?2

R6/R7 = YH]*2/

R6/R7 = =(1 = YHI*2/4)
RO/R1 = DCOS(Y)

R6/R7 = Y

R6/R7 = Y*2

RO/R1 = DCOS(Y) - 1
RO/R1 = DCOS(Y)

; Compare 2/pi with [YHI!
; Sufficent overhang is available

; Save YLO

; Save Y
RO/R1 = Y*
RO/R1 = Q(Y*2)
R4/RS = Y + YHI
R4/RS = YLO=(Y + YHI) = A2
Check for A2 = 0
R4/RS = A2/4
RO/R1 = Q(Y*2) = A2/4
R6/R7 = YHI*
R6/R7 = YHI*2/4
R6/R7 = =(1 = YH]*2/4)
RO/R1 = =DCOS(Y)
R6/R7 = Y
R6/R7 = Y*2
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MTHSDSINCOS Floating Point Sine, Cosine and Sincos 16-SEP-1984 01: AX/VMS Macro V04-00 Pa ,
2-039 tVCLE_POL?uonxALs ; Polynomials for argu 6=SEP=1984 ? 33 fg xntnn7L SRC) Tuosxuco MAR: 1 - (33)!
FSCS CF 7 75 0BBD 1654 POLYD R6, #COSLENC1=1, COSTBC1; RO/R1 = DCOS(Y) = 1
SO 00000000 0000C080 gr 28 8§ B( 1625 SUBD n8. #-1, RO : RO/R1 = =DCOS(Y)
BCF 1656 RSB .
BDO 1657 ;
BDO 1658 :
808 1659 ; Polynomial evaluation for =SIN(Y) '
BDO 1660 :
8500 1661
8D 166§ N_SIN_C:
5S¢ 8000 8F AC OBDO 166 XORW  #*X8000, R4 ;
56 8000 8F AC O0BDS 1664 XORW  #~X8000. Ré : R4/R7 = -
BDA 1665
BDA 1666 :
0BDA 1667 ; Polynomial evaluation for DSINC(Y)
0BDA 1668 :
0BDA 1669
OBDA 1670 P_SIN_C:
76 S4 7D OBDA 1671 MOVQ R4, =(SP) : Save YLO
76 S6 54 61 0BDD 167; ADDD3 R4, R6, -(SP) : Save Y
54 35 6E 65 OBE1 167 MULD3  (SP), (SP), P Re = Y2
FOID CF 7 S& 75 O0BES 1674 POLYD RL csquENc 1 SINTBC : RO/R1 = P(Y*2)
SO B8E 64 OBEB 1675 MULD (s#)o : RO/R1 = Y*P(Y*2)
50 6 60 OBEE 1676 ADDD : RO/R1 = Y*P(Y*2) + YLO
6 0100 8F A2 OBF1 1677 SUBW c-x160 (sp) : (SP) = YLO/4
SO B8E 62 O0BF6 1678 SUBD (SP)+, RO : RO/R1 = Y*P(Y*2) + 3/4+YL0
5¢ S6 7D OBF9 1679 MOVQ  R6, Ré : R4/RS = YHI
5S¢ 0100 8F A2 OBFC 1680 SUBW  #°X100, R4 : R&/RS = YHI/4
56 S4 62 0C01T 1681 SUBD R4, R6 : R6/R7? = 3/4+YHI]
50 56 60 0C0&4 1682 ADDD  R6., RO : RO/R1 = DSINC(Y)
05 0C07 1683 RSB
0C08 1684




c15 ;
ine, Cosine and Sincos 16=-SEP=-1984 Sg ;g !AX/VHS o V04-00 Page 38 |

HTM‘?SINCOS Floatinf Point S
2-00 DEGREE_POCYNOMIALS 6-SEP=-1984 MTHRTL . SRC JMTHDS INCO . MAR: 1 (24)
€0 16 LSBTTL DEGREE_POLYNOMIALS
€08 1687 -
C 16 s
C 1689 P_COS_D:
56 F44C CF 71 0COB 1690 CMPD  D_90_OV_PI, Ré ; Compare 90/pi with Y
iy COD 1691 BGEQ 23 : Dougl precision isn't needed
g 8 B B8 EN I BRI Ml o | R - b
’ H = a
5S¢ S6 00070000 2F (B 0C19 1694 BICL #+x70000, R6. R4 :
S D& 8( 1 1695 CLRL RS : R&/RS = YHI
S2 56 54 63 0C23 1696 SUBD3 R4, R6, R2 : R2 = YLO
56 S& 60 €27 1697 ADDD R&, R6 : R6/R7 = Y + YHI
56 Sg 66 O0C2A 1698 MULD R2, R6 : R6/R7 = YLO*(Y + YHI) = A2
0 13 0C2D 1699 BEQL 1% : Check for A2 = 0
56 0680 8F AS 0C2F 1700 SUBW #*x680, R6 : R6/R7 = A2/2*13
S0 S6 62 0C3& 1701 18 SUBD R6, RO : RO/R1 = G(Y‘%) A2/2*13
54 54 646 0C37 170§ MULD R4, R4 : R4/RS = YHI*
S4¢ 0680 8F A OC§A 170 SUBW I“X680 R4 : R4/RS = YH]*2/2*13
54 08 6 OC3F 1704 SUBD #M, R : R&/RS = =(1 = YHI*2/2*13)
SO S& 62 0C42 1705 SUBD RG, RO ; RO/RY = DCOS(Y)
05 O0C4S 1706 RSB
0C46 1707
56 S6 64 0C46 1708 2% MULD R6, R6 : R6/R7 = Y*2
07 13 0C49 1709 BEQL 3% ; Check for Y = 0
FSF7 CF 07 56 7S 0C4B8 1710 POLYD R6, #COSDLNZ2, COSDTB2 : RO/RT1 = Q(Y*2)
05 0cS51 171 RSB
0CS2 171;
50 08 70 0CS2 1713 3% MOVD #1, RO : RO/RY = DCOS(Y)
05 0CSS5 1714 RSB
0CS56 1715
0C56 1716
0cS6 1717 N_C05_D:
56 F3FE CF 71 0C56 1718 CMPD D _90_OV_PI, R6 ; Compare 90/pi with Y
38 18 0CS8 1719 BGEQ 2% : Double precision isn't needed
54 56 S6 65 0CSD 1720 MULD3 R6, R6, R4 : RO/R1 = Y*2
F621 CF 07 54 75 0C61 1721 POLYD R4, 'COSDLN] cospT1B1 : RO/RT1 = Q(Y*2)
54 56 00070000 BF (B 0C67 172; BICLS #‘X?OOOO R6 R4 :
gs D& OC6F 172 CLRL RS : Rk/RS YHI
52 56 & 63 0C71 1724 SUBD3 Rk R6, R2 : R2 = LO
56 5S4 60 0C75 1725 ADDD R4, R6 : Rb/RT = + YHI
56 52 66 0C78 1726 MULD RZ {3 : R6/R7 = YLO'(Y + YHI) = A2
05 13 0c78 1727 BEQL 1% : Check for A2 = 0
56 0680 8F Ag C7D 1728 SUBW #*X680, R6 : R6/R7 = A2/2*13
0 26 6 Cgi 1729 1% SUBD R6, RO : RO/RY = O(Y‘S) - A2/2*13
4 4 64 C 1730 MULD R4, R4 : R4/RS = YHI*
54 0680 8F A2 0C88 1731 SUBW l‘x680 R& : R4/RS = YH]*2/2*13
¢ 08 6 c80 17 g SUBD : R&/RS = =(1 = YHI*2/2*13)
SO0 S& SO0 6 (90 17 SUBD3 RO Rk RO : RO/R1 = =DpCOS(Y)
05 009 1734 RSB
€95 1735
56 56 64 €95 1736 2% MULD R6, R6 : R6/R7 = Y*2
C 13 0c98 1737 BEQL 3% : Check for Y = 0
FSA8 CF 0?7 6 75 C9A 1738 POLYD R6, #COSDLN2, COSDTBZ2 : RO/RY = DCOSD(Y)
50 8000 8F AC CA? 1739 XORW #*x8000, RO : RO/R1 = =pCOSD(Y)
sgdig B
50 00000000 0000C080 8F 70 OCA6 1742 3% MOVD -1, RO : RO/RT1 = DCOS(Y)
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Z-OBg 6EGREE_POEYNOHIALS 6-SEP-19SA 11:5g:§g !HTHRTL.SRCJHTHDSINCO.HAR;1 ’ (3#)‘
05 0CBY1 1743 RSB
(B2 1744
(B2 1745 N_SIN_D:
56 56 72 0CBg 1746 MNEGD R6, R6 : R6/R7 = =¥
CBS 1747 P_SIN_D:
» % B 4 (BS 1748 MULD3 R6, R6, RO : RO/R1 = Y42
T EE (B9 1749 BEQL "S*”""
F607 CF 27 W 7 (B8 1750 POLYD RO, #SINDLN, SINDTB : RO/R1 = P(Y*2)
56 64 0CC 1;51 MULD R6, R : RO/RY = Y+P(Y*2)
56 g 00 gr A (of i SUBW #*%x300, R6 : R6/R7 = Y/2%6
6 8 cco 17 ADDD R6, R : RO/R1 = DSINC(Y)
EEE }; ‘S. RETURN: RSB
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MTHSDSINCOS : Floating Point Sine, Cosine and Sincos 1 -S 4 01: AX/VMS Macro V04-00 Page 40
2-089 5EGREE_POEYNOH1ALS gk ?1 Sg gg MTHRTL.S J MTHDSINCO.MAR; 1 ’ (26)
cco 1757
cco 17 8
cco 17 .SBTTL DEGENERATE_SOLUTIONS
CCb 1760
CCD 1761 P_ONE:
S0 08 72 CCD 176; MOVD #1, RO : Answer is 1
0 (b0 176 RSB
(D1 1764
(D1 1765
()| 1769 N_ONE:
S0 00000000 0000COB0 8F 72 (D1 176 MOVD #-1, RO : Answer is =1
0 coC 17 g RSB
cop 17
cop 1770
8CDD 1771 UNFL:
oo 177; : : X
8%88 };;4 ; Underflow; if user has FU set, signal error. Always return 0.0
5¢ 0C 0OCpD 1775 MOVPSL R2 ; R2 = user's or ocket routine's PSL
00000000°'GF 00 FB OCDF 1776 CALLS lO G‘HTHSSJACKET IST  ; RO = TRUE if JSB from jacket routine
04 S0 9 OCES 1777 BLBC 108 : branch if user did JSB
52 04 AD 3C OCE9 1778 MOV ZWL sriu SAVE_PSW(FP), R2 : get user PSL saved by CALL ,
SO D& OCED 1779 10%: CLRL $ = result., LIBSSIGNAL will save in
OCEF 1780 : CHFSL MCH_RO/R1 so any handler can
OCEF 1781 : fixup
0D 52 06 E1 OCEF 178; BBC #6, R2, 20% : has user enabled floatin? underflow?
6E 00 OCF3 178 PUSHL  (SP) ; yes, return PC from spec al routine
7E  00°'8F 9A OCFS 1784 MOVZIBL #MTHSK_FLOUNDMAT, -(SP) ; trap code for hardware f oat1n8
OCFY? 1785 : underflow convert to MTHS_FLOUNDMAT
OCF9 1786 3 (32- bit VAX=11 exce?t1on code)
00000000°'GF 02 FfB OCF9 1787 CALLS #2, G*MTHSSSIGNAL ; signal (condition, PC
05S O0Dp00 1788 20%: RSB : return
0p01 1789
0p01 1790 .END
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; Floating Point Sine, Cosine and Sincos 16-SEP-1936 ?1:5g:ig !AX/VHS Macr
6=-SEP-1984 11: MTHRTL.SRC]

MTHSDSINCOS
Symbol table
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SINTBR
SMALL_COS
SMALL ~COSD
SMALLSIN
SMALL-SINCOS
SMALL ~SINCOSD
SMALL “SIND
SUBTRACT

UNFL

W_ADJUST
WoMAX WE IGHT
W-TERA_WE I1GHT

B
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PSECT name
. ABS .
$ABSS
_MTHSCODE

G 15
; Floating Point Sine, Cosine and Sincos 16=-SEP=19

6=SEP-19
g
0
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00000000 ¢ 0.
00000000 ( 0.
00000001 9

NOPIC USR  CON
«) NOPIC USR CON
2 0. 23 PIC USR CON

N Nt

¢ $1:80:38 Y

ABS LCL
ABS  LCL NOS
REL LCL . §

AX/VMS Ma

MTHRTL.

HR  EXE
HR  EXE

cro V04-00 Page
SRCIMTHDSINCO.MAR; 1

NOSHR NOEXE NORD NOWRT NOVEC BYTE

RD WRT NOVEC BYTE
RD NOWRT NOVEC LONG

42

(26)

Page faults CPU Time
Initialization 35
Command nrocessing 1"
:“' l tabl t 200
ymbol table sor
Pass 2 520
Symbol table output 15
Psect synopsis output 3
(ross-reference output 9
Assembler run totals 69

[elelelelelelele e
[=d=d=d=d=d =l =l ==
[=lelelelelelelele]
[elelelelelelel]
[=lelelelelesle -]
[=lelelelel=l=l=
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The sorking s,t Llimit was 1650 pages.

38842 bytes (76 pages) of virtual memory were used to buffer the intermediate code.

There were 20 pages of symbol table %paco allocotsg to hold 194 non-local and 57 local symbols.
0 source Lines were read in Pass 1, producin object records in Pass 2

10 pages of virtual memory were used to define 9 macros.
R +
! Macro Library statistics !
e rcrcrr s s s e rer e e - *

Macro Library name

_$2558DUA28: [SYSLIBISTARLET . MLB;?2 5
131 GETS were required to define S macros.
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There were no errors, warnings or information messages.
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