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MMMM  MMMM 17T HH HH AA AA CC 00
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MM MM 17 HH HH AA AA cccccccc 000000
MM MM T HH HH AA AA cccccccc 000000
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HTH&ACO% ; Floating Point Arc-cosine routine 16=SEP=1984 01:02:15 VAX/VMS Macro V04=00 Page 0 cx
Table of contents
(§) HISTORY Detailod Current Edit Histor‘
(3) DEC&ARAT! NS ; Declarative Part of ’
(4) 1" MTHSACOS = Standard Single Precision Floating ACOS
(5) 18 MTHSACOS R4 = Special ACOS routine
(9) 7 MTHSACOSD = Standard Single Precision Floating ACOSD "
(7 36 MTHSACOSD_R4 = Special ACOSD routine .
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MTHSACOS ; Floating Point Arc=cosine routine 16=-SEP-1984 01:02:15 VAX/VMS Macro V04=00 Pa 1
1-014 v S-3EP-108¢ 11:36:17 IMTime. Sacte N0ec00um1 P29
i LTITLE MTHSACOS : Ekgagi:gogggnt Arc=cosine routine
? JIDENT /71=014/ : File: MTHACOS.MAR Edit: JCW1014

AL AAAAL AR AR AR Al A Al AR s s s ST 2222222}

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

THIS SOFTWARE IS FURNISHED UNDER A LICENSE AND MAY BE USED AND COPIED
ONLY IN ACCORDANCE WITH THE TERMS OF SUCH LICENSE AND WITH THE
INCLUSION OF THE ABOVE COPYRIGHT NOTICE. THIS SOFTWARE OR ANY OTHER
COPIES THEREOF MAY NOT BE PROVIDED OR OTHERWISE MADE AVAILABLE TO ANY
OTHER PERSON. NO TITLE TO AND OWNERSHIP OF THE SOFTWARE IS HEREBY

* *
* *
* *
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* *
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* *
] *
* .
:«  TRANSFERRED. .
* *
* *
* *
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e ]
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®

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

DIGITAL ASSUMES NO RESPONSIBILITY FOR THE USE OR RELIABILITY OF ITS
SOF TWARE ON EQUIPMENT WHICH IS NOT SUPPLIED BY DIGITAL.
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iAClLlTY: MATH LIBRARY
+
ABSTRACT:

MTHSACOS is a function which returns the floating point arc-cosine in
radians of its single precision floating point argument. The call is
standard call-by-reterence.

MTHSACOSD is a function which returns the floating point arc-cosine in
degrees of its single precision floating point argument. The call is
standard call-by-reference.

VERSION: 01
HISTORY:
AUTHOR:
Peter Yuo, 29-Jun=77: Version 01

MODIFIED BY:
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Arc=cosine r utino 16=SEP=1984 01:02:15 VYAX/VMS Macro Vv04=00 o i
ed Current Ed?t History -SEP-Igg& 91:36- 1 (MTHRTL. S J MTHACOS.MAR; 1 oo (5).

.SBTTL MISTORY ; Detailed Current Edit History |

X~
s
vy
——
(=]

; ALGORITHMIC DIFFERENCES FROM FP=11/C ROUTINE: none
: Edit History for Version 01 of MTHSACOS

81-2 Changed MOVF #0, RO into CLRL RO.
3 HTHt ERROR changed to MTHSSSIGNAL.
MTHS_... changed to MTH__....
Changod error handling mechanism. Put error result in RO (or RO:R1)
before calling MTHSSSIGNAL in order to allow user modify error result.

9 - U datc conyr aht notice. JBS 16-NOV-78 [
e INVARG to MTHSK INVARGHAT, _JBS 7-DEC-78
- Add to the PSECT diro tTvc. ;BS 1-DEC~
- Declafe extorngls. 5
= Use MTHSSQRT_R SBL 7-50 t 1979
- Chcnao JSB entry to MTHSACOS R4. RBG
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ept=1979

2 RNH 2-Sept=-81
1¢<=0.625 qu 26=-APR-83 g

Added degree entr¥ points. RRH_22-MAR-
Modified computation of 1 = x*2 for ix
Modified computation of 1 - x*2 for 1/
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MTHSACOS : Floating Point Arc-cosine routine 16=SEP=1984 01:02:15 VAX/VMS Macro v04=00 Pa |
1=-014 bECLARATIBNS ; Declarative Part ot Modul 6-SEP-19S4 ?1:8 1 !HTHHTL.SRCJHTHACOg.HAR:1 » (g)'
;7 +SBTTL DECLARATIONS ; Declarative Part of Module
7
? s INCLUDE FILES:
§ & : EXTERNAL SYMBOLS:
00 S 3
00 9 .DSABL wBL
00 LEXTRY MTHS$SQRT_R3
088 s LEXTRN MTHSATAN R4
0 LEXTRN MTHSATAND R4
000 0 LEXTRN MTHSK INVERGMAT
0888 31 LEXTRN MTHSSSIGNAL
§008 9§ ; EQUATED SYMBOLS:
00 94
00004080 0000 95 SF_1.0 = *F1.0 i 1.0
OFDB4OCY 8888 39 LF_PI_Ov_2 = 0007733316 + 03?9311
0FDB4149 8833 33 LF_PI = 0007733316 + ‘og?o 1
00004384 0000 100 LF_90 = “x00004384 : 90
00004434 0000 101 LF_ 180 = “x00004434 : 180
00000004 0000 10; value =4 : value.rf.r
0000 10
0000 104 ;
0000 105 ; MACROS: none
0000 106 ;
0000 107 ; PSECT DECLARATIONS:
0000 108
00000000 109 PSECT _MTHSCODE PIC,SHR,LONG,EXE ,NOWRT
8888 }}? ; program section for math routines
0000 11; : OWN STORAGE: none
0000 113 ;
0000 114 ;
0000 115 ; CONSTANTS:
0000 119 3
0000 M
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SIDE EFFECTS:

Signals: MTHS_INVARG if iX! > 1 with reserved operand in RO (copied to

the signal mechanism vector CHFSL _MCH RO/R1 by LIBSSIGNAL).

Associated message is: "'INVALID ARGUMENT''. Result is reserved operand =0.0
unless a user supplied (or any) error handler changes CHFSL_MCH_RO/R1.

NOTE: This procedure disables floating point underflow, enables integer
overflow.

I AT PR TR PR PR PEA PR AT PR TR P PR PR PR PR PR PR TR T

.ENTRY MTHSACOS, “M<IV, R2, R3, R&>

: standard call-by-reference entry

: disable DV (and FU), enable IV
MTHSFLAG_JACKET ; flag that this is a jacket procedure in

MOVAB  G*MTHSSJACKET_HND, (FP)

MTHSACOS ; Floating Point Arc=cosine routine -SEP=-1984 01:02:15 VAX/VMS Macro v04=00 = 4
1-014 ATHSACOS o= Standard SIngls Precision FL 'G-SEP-1984 11:90:11 EMTARTL. SREIRTMACOS MAR:T "9 (&)
}18 .SBTTL MTHSACOS =~ Standard Single Precision Floating ACOS .
121
1;:00
} 3 FUNCTIONAL DESCRIPTION:
} 5 % ACOS = single precision floating point function
} 9 g ACOS(X) is computed as: !
1 3 : If X = 0, then ACOS(X) = PI/2. |
1%0 : If X = 1. then ACOS(X) = 0. |
137 If x =1, thsn ACOS(X) = PI. *
00 1 i 3 If 0 < X < 172, then ACOS(X) = ATAN(SQRT(1=X*+2)/X), ‘
000 133 : It 172 < X < 1, then ACOS(X) = ATAN(SQRT((1=X)*(1+X))/X). |
000 134 : 1 -1/5 <x <0, then ACOS(X) = ATAN(SQRT(1=X**2)/X) + PI.
0000 135 : If =172 < X < =1, then ACOS(X) = ATAN(SQRT((1=X)*(1+X))/X) + PI. |
0000 1 9 : If 1 < iXx!, error. !
8000 1 3 |
000 138 ; CALLING SEQUENCE:
0000 139 : |
0000 140 : ACOS.wf.v = MTHSACOS(x.rf.r)
0000 141 ; i
8888 } g : INPUT PARAMETERS: |
00000004 0000 144 LONG = & ; define longuord multiplier |
00000004 8800 } 5 x =1 » LONG ; Contents of x is the argument
} 2 IMPLICIT INPUTS: none z
} 3 OUTPUT PARAMETERS: E
} 1 VALUE: floating arc-cosine of the argument
} % IMPLICIT OUTPUTS: none
} S : COMPLETION CODES: none
it
139
160
} 1
188
164
} 5
163
168
169
170
} 1
178

OO00O0O0O0O0OOVO0O0OOOOOOOOOOOOCOO0OO0O0O0OO0O
QYN N AN o lelelalelelalelalalalelelelalelelelelalelelealetla)
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MTHSACOS ; Floating Point Arc=-cosine routine 16-SEP-1934 0}:28:}? AX/VMS Macro V04=-00 Page 5

1-014 MTHSACOS =~ Standard Single Precision FL 6-SEP=1984 11: MTHRTL.SRCIMTHACOS.MAR; 1 (4)
009 ; set handler address to jacket
§ 3 : handler
9 174 ; case of an error in routine
009 175 ; It an error, convert signal to user PC
009 179 ; and rosigno[
S0 04 BC SO 0009 17 MOVF avalue(AP), RO ; RO = X! = avalue(AP)
01 10 0000 178 BSBB  MTHSACOS_R4 ; call special ACOS routine
04 8?5 }‘8 RET ; return with result in RO
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MTHSACOS : Floating Point Arc=cosine routine 16-SEP=1984 01:02:15 VAX/VMS Macro v04=00 Page
1-014 ﬁTHSACOS_ & - Special ACOS routine 2-SEP-19gL ?1:?8:11 MTHRTL.SRCIMTHACOS .MAR; 1 v (2)
} } § +SBTTL MTHSACOS_R4 - Special ACOS routine
} } g ; Special ACOS = used by the standard routine, direct JSB call.
1 1 9 s CALLING SEQUENCE:
1 187 ; save anything needed in RO:Ré
1 1 g : MOVF «ssy RO ; input in RO
10 189 : JSB MTHEACOS_R4
1 190 : RSB : return with result in RO
818 193 °
1 19§ MTHSACOS_Ré:: ; special ACOS routine
1 194 MTHSACOS RS:: ; Release 1 name
54 S0 Sg 1 195 MovF RO, R4 : save X in R4
08 1 8} }39 BNEQ  TEST_FOR_1.0 : branch if IX! > 0
§°1§ 198 ;
01 199 ; x =0
0012 %0% ¢
50 OFDB4OCY BF SO 0013 og MOVF  #LF_PI_OV_2, RO ; RO = P1/2
05 081( 0 RSB : return P1/2 if X! =0
10 04
01D 0s ;
010 0? : 0 ¢ ixi
010 5% ¢
0010 209 TEST_FOR_1.0:
S0 8000 8F AA 001D 10 BICw #*x8000, RO : RO = X!
08 go 51 00 g 1 CMPF RO, S“#SF 1.0 . compare X! with 1.0
0 18 08 3 }i BGEQ  GEAG_T0_1.0 : branch if iX! >= 1.0
027 14 ;
027 15 : 0 < iXx! < 1.0
LA
S0 4020 8F B1 0027 18 CMPW #*%4020, RO ; Check for loss of significance in
gc 14 80 C 19 BGTR 1% : computing 1 = x*2 and branch
51 08 0 43 00 0 SUBF3 RO, #1, R1 ;R =1=1X
50 8 40 0 1 ADDF #1, RO s RO=1+X
50 1 W4 0 g MULF R1, RO : RO =1 = X*2
g? 11 0038 BRE $ : Join normal flow
50 0 XA A 4 1% MULF RO, RO ; RO = Xen2
50 88 50 43 D 5 SUBF RO, S*“#SF 1.0, RO : RO = 1,0 = X##2
00000000 EF 16 41 9 2% JSB HTHSSURT_RS : RO = SORT(I-K"S)
50 4 46 &7 DIVF R&, RO : RO = SQRT(1=X**2; /X
& DD 84A s PUSHL ; save sign of X for si?n test
00000000 EF 16 4 JSB MTHSATAN R4 : RO = ATAN(SQRT(1=X*#2)/X)
5S¢ BE DO 005 0 MOVL (SP)+, R% : restore sign of X
04 1" §§ i BRB TEST_§!GN ; branch to TEST_SIGN
57 3
27 & ;1 =< X!
3y 53 °
57 ? GEQ_T0_1.0: ,
0€ 14 57 8 BGTR ERROR ; branch to ERROR if iX: > 1.0
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ng Point Arc=cosine routine 16=-SEP=-1984 01:02:15 VAX/VMS Macro V04=00 o 7
H §-SEp-198e 91:98:13 H -

MTHSACOS r
1-014 & = Special ACOS routine MTHRTL .SRCIMTHACOS.MAR;1 (5)

;oIX=1.0

50 D& CLRF RO : RO=0
: Test the sign of X in order to decide if add FI to the result
TEST_SIGN:

5¢ 53 TSTF R& ; test the sign of X

07 18 BGEQ 108 ; branch if X > 0

50 OFDB4149 BF 40 ADDF #LF_PI, RO ; add P] to RO if X < 0
05 108: RSB ; return with result in RO

i1 < iX!, error
ERROR: PUSHL (SP)

MOVZBL W#MTHSK INVARGMAT, =(SP)
ASHL #15, #T, RO

6E DD
7€ _O00°'8F 9A
50 01 OF 78

return PC from JSB routine
condition value
RO = result = reserved operand -0.0
oes to signal mechanism vector
CHFSL_MCH_RO/R1) so error handler
can modify the result.
sianal error and use real user's PC
independent of CALL vs JS
return = RO restored from CHFSL_MCH_RO/R1

00000000°'GF 02 FB
05

CALLS  #2, G*MTHS$SSIGNAL
RSB

LR LR PR TE PR PR TR TR T

NOOD00 =2 b et s O O NN NNNNOTMMODODDODDODODIO® OOOOOOO |
R RN Te e Ne Ne Ne Ne e Mo Ne N AT TV IV TV SV JF SV SF S SF S5 SF S P
=2 OV ~NON NS N = OV ~NON NS LN = OOV NON NS LN - OO

N
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NOTE: This procedure disables floating point underflow, enables integer
overflow.

LENTRY MTHSACOSD, “M<IV, R2, R3, R&>

standard call-by-reference entry
disable DV (and FU), enable IV
MTHSFLAG_JACKET ; flag that this is a jacket procedure in

MOVAB  G*MTHSSJACKET_HND, (FP)

Jd 9
Point Arc-cosine routine 16=-SEP-1984 01:02:15 VAX/VMS Macro v04-00 Page 8
. = Standard Single Precision F 6-SEP-19g4 ?1:2 11 MTHRTL.SRCIMTHACOS.MAR; 1 v (6)

;z .SBTTL MTHSACOSD =~ Standard Single Precision Floating ACOSD
4
7; 144
; ; FUNCTIONAL DESCRIPTION:
7% : ACOSD = single precision floating point function

1 E ACOSD(X) is computed as:

i E If X = 0, then ACOSD(X) = 90.

4 ; f X =1, then ACOSD(X) = 0.

5 ; f X = =1, then ACOSD(X) = 180.

9 : If 0 < X < 1/%. then ACOSD(X) = ATAND(SQRT(1=X®*#2)/X).

: f 1/2 < X < then ACOSD(X) = ATAND(SQRT((1=X)*(1+x))/X).

8 ; f =172 < x < 0, then ACOSD(X) = ATAND(SQRT(1=X*#2)/X) + 180.
89 : f =1 <X < =1/2, then ACOSD(X) = ATAND(SQRT((1=X)*(14x))/X) + 180.
g? : f 1< iXi, error.
35 § CALLING SEQUENCE:
3; ; ACOSD.wf.v = MTHSACOSD(x.rf.r)
36 : INPUT PARAMETERS:
98 LONG = & : define lon?uord multiplier
88 x =1 * LONG ; Contents of x is the argument
81 s IMPLICIT INPUTS: none
8% : OUTPUT PARAMETERS:
85 ; VALUE: floating arc=cosine of the argument
82 : IMPLICIT OUTPUTS: none
gg : COMPLETION CODES: none
}1 : SIDE EFFECTS:
1§ ; Signals: MTHS_INVARG if iX! > 1 with reserved operand in RO (co180ed to
14 ; the signal mechanism vector CHFSL MCH RO/R1 by LIBSSIGNAL).
15 ; Associated message is: "'INVALID ARGUMENT''. Result is reserved operand -0.0
}9 ; unless a user supplied (or any) error handler changes CHFSL_MCH_RO/R1.
18 :
i:
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Floating Point Arc-cogino routine 18-SEP-19SL ?1:2 :15 VAX/VMS Macro vV04=-00 Page 9
MTHSAC - Standard Single Precision F 6=SEP=1984 11:20:11 [MTHRTL.SRCIMTHACOS.MAR;1 (6)
; set handler address to jacket
; handler

; case of an error in routine
; If an error, convert signal to user PC
; and rcsigna[

SO0 04 BC 50 MOVF avalue(AP), RO : RO = iX! = gvalue(AP)
01 10 BSBB MTHSACOSD_Ré4 ; call special ACOSD routine
04 RET ; return with result in RO

OCOO0O0O0O0O0O00O0 Om
G000 00 COCDCOCO0DCD0D LY —-
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Arc=-cosine routine

MTHSACOS ; Floating Point 16-SEP=-1984 01:02:15 VAX/VMS Macro V04-00 Page 1
1-014 ﬁTHSACOSDSRk - Special ACOSD routine 2-SEP-1984 ?1:g5:11 MTHRTL .SRCIJMTHACOS.MAR;1 v (9)
. _R& = Specia routine
g SBTTL MTHSACOSD R4 S ial ACOSD i
g s ; Special ACOSD = used by the standard routine, direct JSB call.
9 40 ; CALLING SEQUENCE:
9 41 ; save anything needed in RO:Ré4
9 ki : MOVF essy RO ; input in RO
9 343 ; JSB MTHEACOSD_R4
: : return w result in
089 &6 RSB ith Lt in RO
0 3 25 3
§ 9 4? MTHSACOSD R&:: ; special ACOSD routine
5¢ S0 Sg 9 48 MOVF RO, R4 : save X in R4
08 12 008C 349 BNEQ  D_TEST_FOR_1.0 : branch if IX! >0
00BE 50
8035 $1 :
08E Sg : X=0
o 5
SO 000043B4 8F SO 00 ; 55 MOVF #LF_90, RO : RO = 90
05 009 56 RSB : return 90 if X! =0
0096 57
0096 58 ;
0096 59 : 0 < ixi
g ke
8096 65 D_TEST_FOR_1.0:
S0 8000 8F AA 0096 6 BICW #~X8000, RO : RO = X!
08 50 51 0098 64 CMPF RO, S*#SF 1,0 ; compare X! with 1.0
30 18 0098 65 BGEQ 0_GEQ_T10_T.0 : branch if X! >= 1.0
00A 66
00A0Q 67 ;
00A0 68 ; 0 < ix! < 1.0
O0A0 370 °
50 4020 8F B1 O00A0 7 CMPW #*%4020, RO ; Check for possible Loss of
2( 14 00AS 7§ BGTR 1% : significance with 0.625
nom o g m s mge TR
S0 51 &4 SOAE 75 MULF R1, RO : RO = 1 = X*2
07 11 0081 79 HRE 2% : Join main flow
50 S50 44 8083 77 18: MULF RO, RO : RO = X*#2
SO 08 SO 43 0086 78 SUBF RO, S*“#SF 1.0, RO : RO = 1,0 = X##?2
00000800';! 16 00BA 79 2%: JSB MTHS$SQRT_R3 : Rg z SORT(l-XttS)
5 4 46 0C 0 DIVF R4, RO : RO = SQRT(1-Xx#2)/X
54 DD 00C 1 PUSHL Ré& : save sign of X for sign test
00000000 EF 16 8( i JSB MTHSATAND _Ré4 : RO = ATAND(SQRT(1=X*x2)/X)
54 8; 00 (B MOVL (SP)+, R& : restore sign of X
07 M og g BRE D_TEST_SIGN : branch to TEST_SIGN
D H
D ? : 1 =¢ iX}
50 389 °
D 0 D_GEQ_T0_1.0:
83 13 D 91 BEQL 10% : branch to ERROR if X} > 1,0
FF92 3" D 92 BRW ERROR
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MTHSACOS ;: Floating Point Arc=cosine routine 16=-SEP-1984 01:02:15 VAX/VMS Macro V04-00 Page
1-014 AT EOSD R o Sper i ReOED Cuti e S-SEP-108 91:98:17 YATANTS Sacoo w0800 ar;1 PO
D 93
D 9 ;
D 95 ; Ixi =1.0
D 99 :
D )
S0 D4 D 93 108: CLRF RO : RO =0
D 9
D7 400
0p?7 481 3
88; 205 ; Test the sign of X in order to decide if add 180 to the result
807 484
D7 405 D_TEST_SIGN:
54 Sg 0p7 406 TSTF ; test the sign of X
07 18 0009 407 BGEQ 108 : branch if X > 0
SO0 00004434 8F 40 00D 408 ADDF #LF_180, RO ; add 180 to RO if X < 0
05 O0O0E 409 108: RSB : return with result in RO
00E 410
00€ (AR .END

o~ —
~—
~




MTHSACOS
Symbol table

D_GEQ_T0 1.0

D TEST_FOR 1.0
D TEST SIGR
ERROR
GEQ_10_1.0
LF_T80

LF 790
LF=Pl_ov_2
MG- -

L
MTHSSJACKET _HND
MTHS$S ] GNAL
MTHSACOS
MTHSACOSD
MTHSACOSD_Ré&
MTHSACOS_R4
MTHSACOS "RS
MTHSATANG R
MTHSATAN_R4
MTHSK INUARGMAT
MTH$SORT_R3

SF 1.0
TEST_FOR 1.0
TEST™SIGR
VALUE

(2222222
(222222 ] ]

00000000

0000001

AERERRRY
Rt RRY
TR REE
(222223 ]]

00004080

00900004

PSECT name

Initialization
Command processing

Pass 1

Symbol iable sort

Pass 2

Symbol table output

Psect synopsis output
Cross-reference output
Assembler run totals

The working sgt Limit was
6148 bytes (1

5

; Floating Point Arc=cosine routine 12
R 1
R 1
RO
R0
X 0
X 00
RG 01
RG 01
RG 01
RG 01
RG 01
X 00
X 00
X 00
X 00
R 01
H 01

Allocation PSECT No. Attributes

00000000 ( 9.) 00 ¢( 0.) NOPIC USR

000000E t 227.2 1 L 1.) PIC USR
teccnce D L +

! Performance indicators i

Page faults  (PU Time  Elapsed Tine
19 00:00:00:95  80:00:0%:37

94 §85 5§1.1§ §3883 §.§9

. . o .8 . . . ‘

'g 0:00:00: 0583503'03

§8§ 8288233 020023021
0 0:0 :8 .00 00:00:00.00
329 00:00:02.80 00:00:11.48
900 pages.

I LGB EATAE St

CON
CON

ABS

LC
REL LC SHR  EXE

pages) of virtual memory were used to buffer the intermediate code.

There were 10 pages of symbol table space allocated to hold 26 non-local and 7 local symbols.

471 source Lines were read in Pass

1 page of virtual memory

1, producing 14
was used to define 1 macro.

object records in Pass 2

4=00
ACOS.MAR;1

e

L NOSHR NOEXE NORD NOWRT NOVEC BYTE
L RD NOWRT NOVEC LONG




e i

B 6
TN Rucro mm suattonics  # F10000 Pt drcecontg reuethe ® IO QLRTE FAAE SRESH Bty ™ B

D T LY

! Macro library statistics !

e cesssscccacaeeed

Macro Library name Macros defined
_$25580UA28:(SYSLIBISTARLET.MB;:2 e g
0 GETS were required to define 0 macros.

There were no errors, warnings or information messages.

MACRO/ENABLE=SUPPRESSION/DISABLE=(GLOBAL , TRACEBACK) /LI1S=L1S$:MTHACOS/0BJ=0BJS :MTHACOS MSRCS:MTHJACKET/UPDATE=(ENHS :MTHJACKET) +MSRCS
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