———
———
———
—
— =

———
e — — ——4

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

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

F 13

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

RRR  RRR

RRR  RRR

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

— -
e
—
—_—
[
ot

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

LLLLLLLLLLLLLLL
LLLLLLLLLLLLLLL
LLLLLLLLLLLLLLL




D15

s+f JLE*+|D*+UVXPOWGG
uu w w VW XX XX PPPPPPPP 000000 Wl il GGGGGGGG GGGGGGG6
u w w VW XX XX PPPPPPPP 000000 ol i GGGGGGG6 6GGGGGGG6
uu w w VW XX XX PP PP 00 00 ww W GG GG
uu uw w VvV XX XX PP PP 00 00 ww W GG GG
uu w w Vv XX XX PP PP 00 00 ww WW GG 66
U uw w Vv XX XX PP PP 00 00 ww W GG GG
uu uw w vV XX PPPPPPPP 00 00 ww W GG 66
uu uw w LA XX PPPPPPPP 00 00 ww W GG GG
u U w vV L PP 00 00 WW WW WW GG GGGGGG GG GGGGGG
uu uw w v XX XX PP 00 00 WW WW WW GG GGGGGG GG GGGGGG
uw u W w XX XX PP 00 00 WWWW WWWW GG GG GG GG ceee
uu U W w XX XX PP 00 00 WWWW WWWW GG GG GG GG cece
UUUUUUUUUU Vv XX XX PP 000000 il W GGGGGG GGGGGG sece
UUuUUuUuuu v XX XX PP 000000 it W 6GGGGG6 6GGGGG6 cocs
LL I11111 SSSS5S5SSS
LL 111111 SSSSSSSS
LL 11 SS
LL 11 SS
LL 11 SS
LL 11 S§
LL 11 SSSSSS
LL 1 SSSSSS
LL 1 $S
LL 1 $S
LL 11 SS
LL 11 SS
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LE UVXSPOWGG = G REAL*8 ** G REAL*8 ?ouer routine
T /72-006/

LT17
. IDEN ; File: OTSPOWGG.MAR EDIT: JCW2006

s N

M AAAAAAA AR AR R R R0 iR i R iR 0 2 22022221

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 +
TRANSFERRED. -
*

THE INFORMATION IN THIS SOFTWARE IS SUBJ gt TO CHANGE WITHOUT NOTICE +
: ]

]

*

®

*

%

*

E
AND SHOULD NOT BE CONSTRUED AS A COMMITMENT BY DIGITAL EQUIPMENT
CORPORATION.

DIGITAL ASSUMES NO RESPONSIBILITY FOR THE USE OR_ RELIABILITY OF ITS
SOFTWARE ON EQUIPMENT WHICH IS NOT SUPPLIED BY DIGITAL.

IR TA TR PR PR PR PR PR PR PR PR PR PR T PR A P L N N
L2 I B O 20 BF BB 2N B BN O B N O OF I N R O OB

LA SRR RRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRR 0202 2]

’iACILITY: Language support Library - user callable
ABSTRACT:
G double base to G double power.
Floating overflow can occur
Undefined exponentiation can occur if:

egative base
2) 0 base and power is 0 or negative.

VERSION: 2
HISTORY:

AUTHOR: )
Bob Hanek 8-Mar-83: Version 2

MODIFIED BY:
Jeffrey (. Wiener 16-MAY-83: Version 2-002
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VXSPOWGG = G REAL*8 *+ G REAL*8 power r ut?ne 16=-SEP-1984 02:07:1 AX/VMS Macro V04-00 Page
3-006 HISTORY ; Detailed curgont ed?t history 6-SEP-1934 1%:%9:18 !HTHRTL.SRCJUVXPOHGG.HAR:1 » (S

T

: OWN STORAGE: None

PSECT DECLARATIONS: ;

§§O %s LSBTTL HISTORY ; Detailed current edit history
80§ 6% ; Edit history for Version 2 of OTSSPOWGG
08 61 ; 3-801 - Implemented new olgorithn. RNH 8-Mar-83
0 6§ ; 2=002 = MicroVAX requires that G_floating routines may not be backed-up |
00 63 ; by H_floating point instructions. To accomplish this the code
008 64 ; from OTSSPOWDD was modified to create this present version of
00 65 ., UVXPOWGG. ALL constants had to be scaled accordingly when taken
00 6? : from the original OTSSPOWGG to sgconodate the difference between
800 67 ; 2 and 2'=2*6/ln(2). JCW 16-MAY-83.
00 68 ; 5-003 - Change table INDEX to be local instead of alobal. LEB 24-May-1983
0000 69 ; 2=004 = Change reference of INDSX(Rx) to be INDEX[Rx] to avoid Linker
0000 70 ; errors. LEB 25-May-19
0000 71 ; 2-005 = Changed MTHSPOWGG entry to OTSSPOWGG entry. JCW 26-May=-1983
0000 7§ : 2=006 Corrected a bug involving a SYS_F_FLTOVF_F error during a MULG R6, R2.
0000 9 3 Code was added to see if a MTH overflow message or a zero sheuld be
0000 74 ; returned. JCW 19-Jan-1984
0000 7
0000 76
0000 77 .SBTTL DECLARATIONS
0000 78
0000 79 ;
0000 80 ; INCLUDE FILES:
0000 81 ;
0000 8§
0000 83 ;
0000 84 ; EXTERNAL SYMBOLS:
0000 85 .
0000 86
0000 87 DSABL GBL
0000 88 .EXTRN MTHSSSIGNAL ; Error signal routine
0000 89 .EXTRN MTHS$K_UNDEXP ; Undefined exponentiation code
0000 90 EXTRN MTHSK_FLOUNDMAT : Floating point underflow code
8888 g% EXTRN MTHSK_FLOOVEMAT ; Floating point overflow code
0000 93 .
0000 94 ; MACROS:
0000 95 . g
3? $SFDEF ; Define stack frame symbols
gg ;s EQUATED SYMBOLS:
00000004 00 base = 4 ; base input formal - by-value
0000000C 01 exp = 12 ; exponent input formal - by-value
00000008 8; fexp =8 3 gxpontnt when base is floating
; by=value
000047F ¢ 04 ACMASK = “M<IV, R2, R3, R4, RS.'R6. R7. R8, R9, R10>
06
87
09
10
1
12
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H 15
= G REAL*B *+ G REAL*8 power routine

¢ 1

16=-SEP=19
DECLARATIONS 6=-SEP=-19
0000 88 113 PSECT _OTSSCODE
114
00 115 ;
08 119 ; Constants
8 117 :
0 113
08 1
00003CA0 80 } ? TWO_M52:.QUAD  “x0000000000003CA0
000 1 i 3
§§§ } ' : The INDEX table gives the appropriate
125 °
000 1 9 INDEX:
01 01 Og 0008 1 BYTE  *x00, “x01, “x01,
04 03 0 001g 128 .BYTE “x03, “x03, “x04,
06 Og 06 001 129 BYTE  *Xx06, ‘XOS. “x06,
09 08 08 0020 130 .BYTE “x08, “x08, “x09,
0B 0B OA 0028 131 .BYTE “XOA, “x0B, “x08B,
0D 80 op 00 g 13§ .BYTE “x0D, “x0D0, “x0D,
OF OF OF 003 13 .BYTE “XOF, “XO0F, “XOF,
11 11 11 0040 134 .BYTE X111, *x11, *x11,
13 13 13 0048 135 BYTE  *X13, *x13, “X13,
15 15 15 0050 136 .BYTE 213 113, "N12.
17 17 17 0058 137 .BYTE “E17. "5, X171,
19 18 18 0060 138 .BYTE *Xx18, *x18, *Xx19,
1A 1A 1A 0068 139 .BYTE “X1A, *X1A, *X1A,
1C 1C 1C 0070 140 .BYTE AX1C, *x1c, *xic,
10 1D 10 0078 141 .BYTE AX1D, *X1D, “X1D,
1F 1F 1F 0080 14% .BYTE AX1F, *X1F, *X1F,
0088 14
0088 144 ;
0088 145 ; For k =0, 2, ..., 32, the k=th
0088 146 : rounded to 113 bits.
0088 147 ;
0088 148
0088 149 A1_TABLE:
00004010 0088 150 .QUAD ‘10000090g00006010
59206010 0090 151 LQUAD  “Xx8574D31559804010
Bg 84010 0098 15§ LQUAD “XB90F6CFIB5584010
13014011 00A0 15 LQUAD “*Xx5B51D01213014011
72 94011 00AB 154 .QUAD “X51783C7D72B84011
4874011 00B 155 .QUAD “XB9AA 192 4874011
8 A681 1;9 LQUAD  “X623 65 87A401
E9D4LO1 C 1 .QUAD ‘XD;E FS1F9E9D401
96F$‘01 C 158 .QUAD “XB 50Ag196f;401
1A7401 0D 159 LQUAD  “XA9 337 AT1A7601
DEA3601 0D 160 LQUAD  *X34224 1¥0EA3401
&E084014 E 161 LQUAD “Xx89 96 LE0B4O14
gFDA4 14 85 16§ .QUAD “X2A 2 6gFDA‘ 14
4 94 1; FO 16 .QUAD  “X4F 5 6 g 4 94 15
AB07401 OF 164 QUAD  *X54290D4BAB07401S
247E4016 18 165 QUAD *x55858B ;AZ& E4016
A09§6 1? 1 16? LQUAD  *X B$D6 FAO;EQ 16
1F75401 1" 16 LQUAD  “*X5F ks EC1F754017
A1146817 1" 168 .QUAD “X018773EBA1144017
25894018 012 169 LQUAD “XCE13994C25894018

2010 EWTARTL. SAE

PIC,SHR,LONG,EXE ,NOWRT

; program section

in the A_TABLE is

ro V04-00
JUVXPOWGG.MAR; 1

for OTS$ code

in the A_TABLE

the value 2*(k/32)
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00006020 15474077
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2-006
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EAL* G REAL+*8 giving 6-SEP-1984 MTHRTL.SRCIUVXPOWGG.MAR; 1
.SBTTL OTSSPOWGG = G REAL*8 to G REAL*8 giving G REAL*8 result

144

s FUNCTIONAL DESCRIPTION:

OTSSPOWGG = G REAL*8 result = G REAL*8 base ** G REAL*8 exponent
The G REAL*8 result is given by:

base exponent result

=0 >0 0.0

=0 =0 Undefined Exponentiation
=0 <0 Undefined Exponentiation
<0 any Undefined Exponentiation
>0 >0 2*(exp * Log2(base))

>0 =0 1.0

>0 <0 2*(exp * Log2(base))

Floating Overflow can occur.
Undefined Exponentiation can occur if:
ase is 0 and exponent is 0 or negative
2) base is negative

CALLING SEQUENCE:
power.wg.v = OTSSPOWGG (base.rg.v, exponent.rg.v)

INPUT PARAMETERS:
base and exponent parameters are call by value

IMPLICIT INPUTS:
none

OUTPUT PARAMETERS:
none

IMPLICIT OUTPUTS:
none

FUNCTIONAL VALUE:
OTSSPOWGG - G REAL*8 base ** G REAL*8 power

SIDE EFFECTS:

SIGNALs floating overflou
SIGNALs floati ns underflow if underflow detection is enabled
SIGNALS HTRS UN EXP (82 = ' UNDEFINED EXPONENTIATION') if
1) bBase is 0 and exponent is 0 or negative
base is negative
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VXSPOWGG = G REAL*8 *+ G REAL*8 power ro t&ne 16=-SEP=-1984 02:07:1 AX/VMS Macro V04-00 P 7
8-006 OTSSPOWGG = G REAL* topG REAL'S giving 6-SEP-1934 ?i:g9:18 HTHRTL.SREJUVKPOHGG.HAR:1 - (5)
99
4TFC ; ? LENTRY OTSSPOWGG, ACMASK H
A i : Move x to RO/R1. If x <0, or x = 0 and y =< 0, return "UNDEFINED
: 7 : EXPONENTIATION" error condition, otherwise attempt to compute xwtty
IR 38 L e
50 04 AC SOFD 030A 09 X ﬁOVG base(AP), RO : RO/R1 <== x
030F 08 COMMON:
1C 14 030F 09 BGTR DEF INED ; If x > 0 attempt to compute xtry
07 .19 0;11 10 BLSS UNDEF INED ; Branch to error code for x < 0
0C AC S3FD 0313 1" 1876 exp (AP) ; Check sign of y (Note that x = 0)
01 15 8%}; }5 BLEQ UNDEF INED ; Branch to error condition if y =< 0
0319 14 ;
8%}3 3}2 § i:ﬁgrgcassing continues here, this implies that x = 0 and y > 0. Return
0319 317 ;
W R :
H t
0314 320 v
031A 321 ;
031A g g : 1f processing continues here, this implies that an undefined exponentiation
031A % ; was attempted. Signal error and return
031A 324 ;
031A 325
031A 326 UNDEFINED:
S0 8000 8F 3C O031A 327 MOVZWL #“X8000, RO ; RO/R1 <-- Reserved operand
TE 00'32 3: 8%5: 323 gbs%BL zgYHSK UNDEXP (SP) P d k
g = : Put error code on stac
00000000°'GF 01 FfB 0325 3%0 CALLS #1, G*MTHSSSIGNAL ; Convert error number to 32 bit
032C 331 : condition code and signal error.
032¢ 33; : NOTE: Second argument is not re-
OS%C 33 : quired since there is no JSB entry.
04 032C 334 RET ; Return
032D 335
osgo §6 : X
0320 7 1f grogessing continues here will attempt to comeute X*ty as 2‘[¥tloaz(x)].
8%%3 gg ; We begin by determining k and f such that x = 2*k+*f, where 1 =< f < 2.
0320 340 °
83 D 341 DEFINED: .
5« S0 FFFFBOOF 8F D 4; BICLY #*XFFFFBOOF, RO, R4 : R4 <=~ S‘k*(b\ased exponent of x)
S¢ 00004010 8F C2 0335 4 SUBL #*%4010, R4 : R& <== 2*%4+(exponent of x = 1) = 2%4+k
S0 S5& C2 033cC 46 SUBL R4, RO ; RO <== f = 2«(fraction field of x)
Y
033F 49 : We are now ready to compute Log2(x). This computation is based on the
8; ; 23 : following identity:
033F 350 : e , f-a
F 21 3 log2(2*kef) = k ¢+ log2(a) ¢ ===== > ==== 2%(2j+1), where 2 = ====- .
; gi : In(2)/____ 2i* f+a
F 54 : We begin by de ermining a as b*i, where b = 2*(1/32) and i is
33F 55 . between 0 and 32 inclusive. Specifically i is chosen by table look-up




M5
gVXSPOHGG = G REAL*8 *+ G REAL*8 power routine 16-SEP-1934 ?f:g?:IS !AX/VHS Macro V04-00 Page g
=006 OTSSPOWGG = G REAL*8 to G REAL*8 giving 6-SEP=-1984 :129:1 MTHRTL.SRCIUVXPOWGG.MAR; 1 (5
F 59 : in such a fashion as to minimize the magnitude of z. Since log2(a) = i/32
; g : we may write
F 58 ; log2(x) = k + i/32 + z*p(z2+2).
F 60 ;
F 61
F 6§ EVAL_LOG2:
SA S50 03 9¢C F é ROTL #3, RO R18
SA_ FFFFFFB0 8F CA 0343 364 BICL2 #*XFFFFFFB0, R10 ; R10 <-- index to INDEX table
SA  FCBY9 CF4A 90 034A 65 MOVB INDSXER1OJ. R10 : R10 €== i
TE 6A4L  3E § gg g? MOVAW  (R10)CR4], =(SP) ; (SP) <== 2*5(k + i/32)
54 8 ;
0354 99 : We proceed by computing z = (f-a)/(f+a). In order to insure the accuracy of
0354 0 ; the final result, it is necessary to compute z to at least 68 bits. Since no
0354 71 ; back up data type is available, we must compute z in iwo parts: z = 21 + 22,
0354 72 ; where 21 is the high 26 bits of 2 and 22 is the low 53 bits of z. Further,
0354 73 ; to obtain the desired accuracy it is ngcessary to work with a = al + a2,
0354 74 ; where a1 and a2 are the high and low 53 bits respectively of 'a'. We begin
82?2 ;g ; computing (in single precision)
8322 ;; ; 21 = (f = al)/(f + al)
0354 379 : Note that f-al can be computed exactly in 53 bits, but f+al may reguire 54
0354 80 ; bits. The 54 bit can be determined by the exclusive or of the low bits of
0354 81 ; f and al.
033, 385 °
58 FD2F CF4A 70 0354 §84 MOvaQ A1_TABLECR10], RS ; RB/R9 <== a1
TE 51 59 CD 035A 85 XORL3 R9, R1, =(SP) : SP ==> XOR of low bits of al and x
035E 386 ; (This will used to determine the
0356 387 : 54 bit of f+al.)
52 S50 58 41FD 0355 388 ADDG3 R8, RO, R2 : R2/R3 <== f + al (rounded)
SO 58 42FD 036 389 SUBG R8, RO : RO/R1 <== f = a1 (exact)
S8 S0 52 47FD 0367 390 DIVG R2, RO, RS : y
S9 FFFFO7FF BF CA 8%9( 331 BICLZ2 U‘XFFFFO7FF. RO : RB/R9 <== 21 (26 bits)
8%;% gg% : To compute 22 we note
8;;5 32 ; 2=21+22=(f=al=a2)/(f + al + a2)
8%;3 1 : ==> 22 = (f = al = a2)/(f + al + a2) - 21
8;7? 99 : Ngu let v = f + al ¢+ a2 = v1 + v2, where vl and v2 are the high 26 and low
03; 28? ; 53 bits of v respectively. Then
§§; 285 ; 22 = [(f - a1 = 21*v1) = (a2 + 21%v2)1/v
37 40% * Je begin by computing vl and f = al = 21wy
3; 285 3
5 52 00 7 409 MOVL R2, R4 : R4 <== high longword of f + al )
55 S3  FFFFO7FF gf (8 76 488 BICL #*XFFFFO7FF, R3, RS : R4/RS <--"high [ongword of f + al (26 bits
56 52 & 43FD 7§ 409 SUBG R4, R2, R6 : R6/R7 <== w = v1 (exact)
54 58 44FD 410 MULG R8, R4 ; R&4/RS <== 21*y1 (exact)
SO 54 4&2FD 3 7 2}} SUBG R4, RO ; RO/R1 <== f = a1 = 21+y1 (exact)

———vend

(8 [ et
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8-006 OTSSPOUGG - EAL k p G REAL*8 giving 6-S 93 ?f 29 18 !HTHRTL SRC] V POWGG.MAR; 1 . (5)
§g Compute v2 and a2 + al*v2 |
S& FEOO CF4A 7D ? Mova A2 _TABLELR10], R4 ; R4/RS <== a2
6k FFFEFFFF 8F CA 9 BICL # RFFFEFFFF, (sP) ; Check if w was rounded ‘
06 13 98 BEQL 1% ; Branch if not rounded 1
56 FC61 CF &42FD 9A SUBG TWO HSZ Ré ; Correct for rounding error (exact)
56 S& 4OFD AQ 1$: ADDG R4,"R6 ; R6/R7? <== y2
56 28 44FD Ab MULG RB R6 H Rb/R? <== 21%y2
56 & 4OFD 0 :g ADDG R4, RS : R6/R7 <== a2 + 21%y2
0 :E : Compute 22
SO0 56 42FD § AC SUBG Rg. RO ; RO/RY <== (f=al=21vy1)=(a2=-21*v2)
50 52 46FD 0%32 DIVG R : RO/R1 <== 22
0384 ; The next step is to compute Log2(x) accurate to at least 68 bits. This is
8532 ; accomplished as follows, let
0384 : W= Z‘S'loEZ(x)
0384 : = (2*5)[k + i/32 + z+*p(2+*2)]
0384 3 = 2°5«(k + i/3§) + (2%°5)%2%(c0 + c2+*2*3 + ... + c10*2*11)
0384 : = [2%5%(k + 1/32) + 2'] + 2'(d2+2°%2 + ... + d10+2'*10)
0354 : = [2°5+(k + i/32) + 2'] + 2'*q(2'+2")
8 15 290
0384 : where 2' = (2*5+c0)*2 and w1 and w2 are the high 26 and low 53 bits of w
0384 3 respectively. Note that the choice of 'a' used in computln? uarantees
0384 ; that 2' overhangs 2'*q(2'*2') by at least 13 bits. Hence, if w is computed
8%32 ; as wl + w2, the necessary 68 bits of accuracy can be obte1ned.
0384 ; We begin by defining
0384 :
0384 : ¢ = high 53 bits o (2*5+c0)
0384 3 ¢l = high 26 bits of (2*5+¢c0)
0384 : c2 = Llow 53 bits of (2*5+¢c0)
0384 : then
0384 : 2' = (21 + 22)*(c1 + ¢2)
0384 : = 21*vc1 + 21%¢2 + 22+c.
0384 3
0384
S8 FFO7 CF 384 MULG3 C1, R8, R4 : R4/RS <== ¢1#21
S8 FFO8 CF B? MULG (2, R8 : RB/R9 <== ¢2¢21
S0 FEF2 gF C MULG C, RO ; RO/R1 == ¢*2
50 58 ADDG? RS, RO : ng/m <== c%22 + c2+21
8 50 54 ADDG R4, RO, R8 : R8/R9 <=-- 2°

We proceed by letting

wl = high 26 bits of 2*5+(k + i/32) + 21x¢]

wo' = {([2°5+(k + i/32) + 21%c1 = wl] + 21%¢c2) + 22%c.
2*5e(k + 1/32) + 2" = wl + w2'. ‘

[2%5e(k + i/32) + 2'] + z'vq(2'+2")
wl + w2' + 2'vq(2'#2")

and

n
"
v

"
"
v
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Test for the possibility of overflow in the computation of {.,1,
This u1l§ occur if the exponent of y plus the exponent of w

is greater
than 102

X$POWGG = G REAL*S8 =+ G REAL*B power rout 4 02:07:1 AX/VMS Macro v04-00 Page 10
¥!006 OTSSPOWGG = G REAL* topG REA&'S giving 6-SEP-19g6 ?f:g9:18 !HTHRTL.SRCJUVKPOUGG.HAI;1 v (5)
D 470 ; = wl ¢+ w2,
8§ PO i
; where w2 = w2' + 2'+q(2'#2'
00 478 ; :
04 AE 4EFD D 475 CVTL &(SP), =(SP) ; (SP) <== 2*5(k+i/32)
56 54 E ‘gfb D &7? ADDG (SP) Ré : R6 <== 2*5(k+i/32) + 21+¢1 = wl
57 frrrg7rr F CA O3DA &7 BICLZ W XFFFFOPFF, R7 : R&/R? <== w1 (high 26 bits)
52 56 S 6%?0 £ £73 SUBG (39>o 6, R2 : R <== bits of z7*c1 included in wl
4 4L2FD O03E6 47 SUBG2 R2, Ré :
6E 0 & 41FD E 2 ? ADDG R4, RO, (5P) : (SP) ==> y2'
E 4
E A ; :
E 484 ; Compute w2
E 485 :
E 439
50 Sg 4SFD E 4 MULG3 R8, R8, RO : RO/RY1 <== 2'#2"
FESD CF 0 SS5FD F 488 POLY RO, lbéGLEN-1. LOGTAB ; RO/R1 <== q(2'*2")
50 L4FD F 489 MULG RB, R : RO/R1 <== 2'+q(2°'*2")
50 6E 4OFD 8 FF 490 ADDGZ  (SP), RO : RO/R1 <=- w2
3 4o
8 0 4935 ; We now calculate yﬁlogZ(x) = (yl+y2)*(wl+w2) = ylewl + y2+ul + y*w2, where
8 8 23; : y1 and y2 are the high and low 26 and 27 bits of y respectively.
040 49
040 49
54 0C AC 70 8 8 498 Mova exp(AP), Ré ; R4/RS <== y
0
0
0
0
52 54 0B 04 EF 8 EXTZV #4, M1, R4, R2 ; biased exp of Y
52 0400 8F A2 O SUBW2  #*X400, R?2 ; unbiased exp of y
53 5 0B 04 EF 0 EXTZV  #4, #1, R6, R3 : biased exp of wi
53 0400 gF A2 0 SUBW #*%6400, R3 ; unbiased exp of wl
Sg 2 A0 ADDW R2, R ; unbiased exp of wliry
53 O3FF 8 B1 CMPW #*°X3FF, R3 ; largest unbiased exp possible is 1023
03 18 BGEQ NO_SYS OVER FLOW
0096 31 0 BRW Y_TIMES_w1_OVER
NO_SYS_OVER_FLOW:
b 5S4 44LFD MULG2 R4, R : RO/R1 <== ‘-UZ
5 56 DO MOVL R4, R : RS <== high lLongword of yl
53 55 FFFFg FF gf (B BICL #*XFFFFO7FF, RS, R3 ; R2/R3 <=-= y1
4 52 42FD SUBG2 R2, R& : R&/RS <== y2
52 56 44FD MULG R6, R2 : R2/R3 <== yleryui
54 56 44FD MULG R6, R4 : R&/RS <== y2vyl

Vol ol ol aF 2 S o o S R R o ol o o e ko N AT
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: The next step in computing 2*[y*log2(x)] is to write y*log2(x) as
: yrlog2(x) = 1 + j/32 + g/32,
3 where | is an integer, j is an integer between 0 and 31 inclusive, and
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gvxtPOHGG
=006
56 52 00000000 g F
56 00000000 004 F
5 6
g‘ 2
0 L
58 56 00008000 8F
58 4100 BF
9
57 26
FEGE CF 06 50
52 57 _ FFFFFFEO BF
50 FBF8 CFé
50 FCF9 CF4§
50 FB%A CFé
S |
57 57 _ FF BF
50 57
OF %0
08
56
1F
0A
57
18

G REAL*B ++ G REA -B pouor ro tﬁ

16=-SEP-1984 02: AX/VMS Macro V04-00 age
OTSSPOUGG = G REAL~* G REAL* giving -SEP-1936 ?%:g 8 !HTHRTL VXPOHGG.HAR:I ’
22 7 ; g is a fraction in the interval [=-1/2, 1/2)
i3 253
G1FD 044 0 ADDG c*x«gsg. R2, R6 H
63FD 45 1 SUBG #*x6358, R6 3 Rg C== 2°5(]1 + j/32)
42FD 045 ; SUBG R6, R ; R2/R3 <== those bits of z1*yl ngt
46 : included in 2*5(1 + j/32)
LOFD 046 534 ADDG R2, Ré& 3
4OFD 0464 5 ADDG R4, RO ;s RO/R1 <=-=- g
(B 0468 ? BICL #*X00008000, R6, RS
B1 04 CMPW #°%6100, R8 ; Overflow/underflow if exponent field of
847 gB 5 ly*2*5+logl(x) i >= 16
19 047 9 BLSS EXCEPTION_1 ; Branch if !I! is too larg
GLAFD 02 ; 52? CVIGL Ré6, R7 : R7 <== 2%5+(] + j/32) in integer
478 SLi :
0478 gb ; We can now compute
0478 46 ;
0478 545 ; xery = 2*[yvlog2(x)] = 2*[1 + j/32 + g/32]
047B 546 ;
82;3 g:; : = (2*1)«[A*(B+1)] = 2*I+[A + A*B], where
047B 549 ; A = 2*(j/32) is obtained by table look-up and B = 2*(g/32) - 1 is obtained
0478 550 ; by a Min/Max approximation.
g gl
S5SFD 0478 55§ POLYG RO, #EXPLEN=1, EXPTAB ; RO <== B = 2%(g/32) = 1. (Chebyshev
0685 554 3 polynomial approx. of degree 5)
C 04 555 BICLYS #*“XFFFFFFEO, R7, R2 ; R2 <== index into A1_TABLE
4GFD 04BA 556 MULG2  A1_TABLE[R ; aé : RO/R1 <== A*B
4OFD 0491 557 ADDG2 A2_TABLECRZ], : RO/R1 <== A*B + A2
4LOFD 0498 558 ADDG A1 TABLELRZ], RO : RO/R1 <=- 2‘((j09)l323 (A*B+A2) +A1
AA  049F 559 BICW #*X1F, R7 : R7 <== 2*5¢]
9C 04A 560 ROTL #-1, R7, R7 ;s R7 <=- ‘k'
AD 04A 561 ADDW2 R7, RO : RO <== ‘I'Z‘[(j+ )/32]
B1 04AA S6i (MPW RO, #*XF ; test for overlunderflov
15 04AD 56 BLEQ EXCEPTION _2 ; see what exception is if nea or = 0
04 O4AF 564 RETURN: RET ; otherwise return result 0
04B0 565
04BO0 566 ; :
238 ggg ; Handlers for software detected over/underflow conditions follow
04B0 569
48 70 EXCEPTION 1:
S3FD 04B 71 1816 R ; if big ARG > 0 gotc overflow
18 04B 7§ BGEQ OVER : handler, otherwise go to
11 0485 57 BRB UNDER 3 underflow handler
4B7 274
4B7 75 EXCEPTION_ 2:
S3FD 0Q4B7 576 1516 R7 ; test signof I; if 1 <0
18 04BA 577 BGEQ OVER : go to overflow handler
i8¢ 379
4BC E 0 ; y*w! would have caused a hardware system floating o erflou error. [f y<0,
4B(C 1 ; then we should return a result of 0 since result = 2*(y*(wl+w2)). Note,
28% g i ; Yy can not be zero.




gV!QPOUGG
-006
56
13
50
0B 04 AD 06
7E  00°8F
00000000°'GF 01
7E __00'8F
50 01 OF
00000000°GF 01

= G REAL*8 ** G
OTSSPOWGG = G REAL*8 to G REAL*

D 16
REAL *8 power rogti?o,
giving

48C 4

48( S Y_TIMES_W1_OVER:
¢ 1ST6  Ré
! BGTR  OVER
0

0

0

0

0

0

'§3EPI18E 15:05:08 YATARTE SRESONP0Ee. ma:1 PO 1)

~
o
L ]

; if y < 0 no overflow is needed
; overflow

E Underflow; if user has FU set, signal error. Always return 0.0

1
UNDER:

5 CLRQ

BBC

RO : RO/R1 <== 0
#6, SFSW_SAVE_PSW(FP), 2§

; has user enabled floating underflow?
Put underflow code on stack,
Convert to MTHS_FLOUNDMAT (32-bit
VAX=11 exception code) and
signal condition
return

MOVZBL #MTHSK FLOUNDMAT, =(SP)

CALLS  #1, G*MTHSSSIGNAL

1

RET

P 0 00 0
lvlvlelel o lalalalalalalalalalalals ]
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:
?
:
; 2$:
§
g

5
5
5
6
6
6
6
04D4 604 ;
8232 g 5 ; Signal floating overflow, return reserved operand, -0.0
04D& 607
04D4 608 OVER: ; else process for overflow
04D6 6 MOVZBL #MTHSK _FLOOVEMAT, =(SP) ; Put overflow code on stack
0408 610 ASHQ  #15, #T, RO : RO = result = reserved operand
04pC 611 : =0.0. RO will be copied to
04DC 6 ; signal mechanism vector (CHFSL_MCH_RO/R1)
04DC 6 ; S0 can be fixed up by any error
04DC 614 : handler o
04D 6 CALLS #1, G*MTHSSSIGNAL ; signal condition
825‘ g 6 RET 2 return - RO restored from CHFSL_MCH_RO/R1
04EL 618 .END




UVXSPOWGG
Symbol table

Al_TABLE
A2 TABLE
ACMASK
BASE

DEF INED
EVAL_LOG2
EXCEPTION_1
EXCEPTION"2

MTHS$SS I GNAL
MTHSK_FLOOVEMAT
MTHSKFLOUNDMAT
S&”??s"ﬁSE#’rLou
o18sPO0GG ~
OVER

RE TURN
SFSW_SAVE_PSW
w0 M52

UNDEF INED
UNDER
Y_TIMES_W1_OVER

PSECT name
s NN 5
$ABSS
_OTSSCODE

Initialization

Command processing
Pass 1

Symbol table sort

Pass

Symbol table output
Psect synopsis output
Cross-reference output

Page faults

16
= G REAL*B ** G REAL*B power routsno 16=SEP=1984 02:07:1 AX/VMS M v04-00 P
. g-SEp-198¢ 94:90:18 ¥ RCIU s

mh

0
8 02
‘1
E }
F R 0
Sy 8
00 F R 0
000 489 & 0
8888‘§5 i
0008
0880 DO R 0
8 0030A R 0
0000008 R 0
00000004«
00000298 R 02
2222222 X 00
122322272 ) { 00
1223213211 X 00
(23222223 b 00
00000428 R 0
000803 8 RG 0§
00000404 R 0
000004AF R 02
080 004
00000000 R 02
0000031A R 0%
000004C1 R 0
000004BC R 02
R e &
i Psect synopsis !
Allocation PSECT No. Attributes
00000000 ¢  0.) 00 ¢ 0.) NOPIC USR CON
00000000 ¢ _ 0.) 01 ¢( 1.) NOPIC USR CON
000004E&4 ( 1252.) 02 ¢ 2.) PIC USR CON
D e e L e 4
i Performance indicators i
CPU Time tlapsed Time

34
109

126 §§§08§0§5%2
K °§s§§z§q§§
PR

OCOO~NOONMO
OWS NS =P

ABS
ABS
REL

LCL
LCL
LCL

MTHRTL .SRCIUVXPOWGG.MAR; 1

NOSHR NOEXE NORD NOWRT NOVEC BYTE
NOSHR EXE RD WRT NOVEC BYTE
SHR EXE RD NOWRT NOVEC LONG
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UVX&P?UGG = G REAL*B =« G REAL*8 er routin 16=-SEP=-1984 :07:1 AX/VMS Macro vV04-00 Pa 14
VAX=11 Macro Run Statistics o sl 2-SEP-1334 ?i:g9:18 !HTH TL SRESUV!POHGG.HAR;1 . (5)
Assembler run totals 400 00:00:04.08 00:00:16.72
uorhi 55 Limit was 1?00 pages.
& bytos ( pages) of virtual memory were used to buffer the intermediate code.

Th re were 10 pages of symbol tnblo spaco al oca‘gd hold 61 non-local and 2 local symbols.
81 source inos were read in Pass 1 pro uc object records in Pass 2.
pages of virtual memory were used to define 7 macros.

Pecccccccccccnccnccncscacas +
i Macro Llibrary statistics 1
Macro Library name Macros defined
$2558DUA28: [(SYSLIBISTARLET.MLB;?2 I3

88 GETS were required to define 4 macros.
There were no errors, warnings or information messages.
MACRO/ENABLE=SUPPRESSION/DISABLE=(GLOBAL , TRACEBACK) /LIS=L1S$:UVXPOWGG/0BJ=0BJS:UVXPOWGG MSRCS:UVXPOWGG/UPDATE=(ENHS : UVXPOWGG)
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