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000000 TITTTTITTY SSSSSSSS PPPPPPPP 000000 W WW  DDDDDDDD popODDDD
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3-307 4 2-52?-19 “ ?1:28:83 !ﬂTHRTL.S CJOTSPOWDD .MAR; 1 = (1 -
.TITLE 015‘?9"00 = DOUBLE PRECISION *+ DOUBLE PRECISION sgwor routine |
.IDENT /2-007/ : File: OTSPOWDD.MAR Edit: J(W20

AL RL AR A A R Rl R R R R R i i i e e e e a It EL |

COPYRIGHT (¢) 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 TH? 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

* &
* &
* *
* *
* ]
* *
* L ]
* *
* *
o *
* TRANSFERRED. B
i L]
* k3
* i
* *
ks k3
* L ]
& i
& ]
* *
* *

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

DIGITAL ASSUMES NO RESPONSIBI
SOFTWARE ON EQUIPMENT WHICH I

ErDC"DCNDCNDCNDCKDC"DCNDC”DCNDCNDC’

(=i=l=lelelalelelalelalalalalel=l=

LITY FOR THE USE OR_ RELIABILITY OF ITS
S NOT SUPPLIED BY PIGITAL.

LRI AT A PR TR T ETE TR A TATE TR PATAE TR A PR TR ER 1Y

i =d=L=
=t dd =l =l lelelelelel=l==]

AR A AR AR AR AR Rdd R iRttt it ittty

(=lelelelalelelalelalalalelalelalalalalele]

’tACILlTY: Language support Library - user callable
ABSTRACT:

LA AN NI PO NI NI NI NINININD = b b e b ed e b b

1) Double base to double power.
5) Floating base to double power.
) Double base to floating power.

Floating overflow can occur
Undefined exponentiation can occur if:
1) egative base
2) 0 base and power is 0 or negative.

|
VERSION: 2 |
HISTORY: i

AUTHOR:
Bob Hanek, 3-Mar-83: version 2

MODIFIED BY:
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R
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g-307 HISTORY ; Detailed current edit h stors 6-SEP-1954 ?1:38:89 !HTHRTL.SRCJOTSPDUDD.HAR:1 v (5) -
gg SBTTL HISTORY ; Detailed current edit history
6
g ;: Edit history for Version 2 of OTS$SPOWDD
63 ; 5-801 Implemented new algorithm. RNH 3-Mar-83
8 64 ; 2-002 The code would overflow when underflow was the proper result. This
65 error arouse from the ADDF3 #*X4DCO, R2, R6 code, which rounded the .
00 66 ; result so that when SUBF #*X4DCO, R6 was pcrforncd the value in
008 67 ; 6 was greater than R2 causing RO to be gositivo when it should have
00 68 ; been negative. The bugfix was to chlngo the test for overflow from
808 ? : RO to R6 (both of these should be of the same sign). JCW 13-MAY-83.
0 0 ; 2-003 Change INDEX table to be local instead of ﬂlobfl. Also chan?o
0000 n; the instruction fornas ;ron INDEX(Rx) to INDEX[Rx] to avoid [inker
0000 75 : errors. LEB 25-May-198
8000 75 ; 2-004 Change remaining table references to use [Rx) instead of (Rx).
000 76 ; Make A1l 1Aa%s gnd A2_TABLE local symbols instead of globals.
8000 ¢ I LEB 26-!0;- 8
000 79 : 2=005 Chanas le to;zr table reference to use [Rx] instead of (Rx).
0000 (& LEB 29-May-1983
8000 78 ; 2-006 Added two ROTL #-3,Rx.,Rx instructions to scale the value of Rx back
000 79 ; from 'index*2%3' to 'index' before A_TABLELRx]) is referenced. The
0000 80 ; INDEX was not scaled back to yield values of 'index' instead of
0000 81 ; ‘index*2*3' because the mathematics of the code used does need the
0000 8; 3 value of index*2*3 in several computations. JCW 7=Jun=19
0000 83 ; 2-007 Corrected a bug involving a SYS_F_FLTOVF_F error during a MULD R6, R2.
0000 86 ; Code was added to see if a MTH overflow message or a zero should be
0000 85 ; returned. JCW 19-Jan-1984
0000 86 .
0000 87 ;

N . ) —
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: .SBTTL DECLARATIONS Al

ggyoeo

=
m
oo
l;O
»®
>
—rTy

: INCLUDE FILES: %AS
; C1

3 cow
: EXTERNAL SYMBOLS: gs;
.DSABL GBL
LEXTRN MTHS$S$SIGNAL : Math error routine EX(
.EXTRN MTHSK_FLOOVEMAT Floating overflow code F
LEXTRN MTHSK FLOUNDMAT

- Floating underflow code
.EXTRN MTHSKZUNDEXP

EX
EXF
Undefined exponentiation code Eé:
GE1

l=d=d=d =i =l=lelelelalalalelelal]

elelelelelelelelalelalelelalalelelelelelelelelelelelele N

LR TR TN

: MACROS: INC
$SFDEF ; Define stack frame symbols LOC
: EQUATED SYMBOLS: MTH

base
exp

fexp
ACMASK

00000004 ; base input formal - by-value MTH
2 ; exponent input formal - by-value 071§

; exponent when base is floating 07§
M< R2, R3, R4, RS, R6, R7, RB, R9, R10> 07§

. register saving mask OVE

>00 — &~

000007FC

===t ==l =i =l =l=l=l=l=lelalalalalelalelslelal]

(=l=l=lelelalelelelal=l=]
e e 2 QO OO OO OO OOV VOV OVOVVOOVO OO0
WIS N = O 000 NO WS I = O 00 N NS IR — O

B e T e e s I R s

o
o
o
o
o
o
o
<y
(=i{=i=l=l=lelele]

PSE

01

Phi

Ini

gl!
(]
st
Sys
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117 ; Esc
}}3 : PSECT DECLARATIONS: gre
0000 120 ° .PSECT _OTSSCODE PIC,SHR,QUAD,EXE ,NOWRT
} 1 ; program section for 0TS$ code }35
1 i : CONSTANTS: The
104 :
8 125 ° 9¢
0§ 1 :
0§ } ; : The INDEX table gives the appropriate byte offset into the A1 and A2 Tables.
1 L
0 8 00 00 00 §o 130 INDEX: .BYTE  “X00, “X00, “X00, “X08, “X08, “X08, “X08, “X0
?g ?5 18 ?§ ?g 12 ?§ og goo 13 — ‘BYTE ~xo§. ~x10, “x10. “x10. *x10. ~x1§. ~x10. ~x13 Mac
20 20 20 18 18 18 18 18 001 1 ; .BYTE  ~X18, “X18. ~X18. “X18. “X18. *x20. “x20. ~x20 —=e
gs 8 28 28 20 20 g g 81 1 BYTE  *x20, ~x20, “x20, “x20, “x28, “x28, “x28, “x28 5
0 30 30 go éo go i 0 13% CBYTE  *X28. “X28. *X g. ax30. X g. ~x30. “x30. “x30 28
38 38 38 38 38 38 30 30 0028 135 .BYTE  ~x30, ~x30. ~x38. ~x38. ~x38. ~x38. ~x38. ~x38
40 40 40 40 &40 40 40 38 0030 136 .BYTE  *X38, ~X40. “X40. *X40. “X40. *X40. *X40. ~x40
48 48 4B 4B 4B 48 48 40 0038 137 BYTE  ~X40, “X48. “X48. “X48. *X48. ~X48. *X48. ~X48 The
50 50 S0 SO S0 S go 48 0040 138 .BYTE  “X48, “xsg. Ax50, “X50, “X50. “X50. “X50. “X50
58 58 58 58 S8 g 0 g 0048 139 .BYTE *X50, ~x50, “x58, ~x58, “x58, ~x58, ~x58, ~x58 MA(
60 60 60 60 40 58 58 58 0050 140 .BYTE *X58, ~X58. ~x58. ~X60. “x60. *“X60. “X60. “x60
68 68 68 68 60 60 60 60 0058 141 LBYTE  ~X60, “X60, “X60, “X60, “X68, ~X68, “X68, “X68
70 70 98 93 ga 68 68 68 006 145 .BYTE  *X68, *xsg. “X68, *X68, “X68, ~X68, “X70. ~X70
iRt T oned NS BE o nn: el Hn ib 0 i e
80 80 80 80 80 78 78 73 3853 }22 .BYTE  ~X78, ~X78. “X78. ~X80. ~X80. ~X80. “x80. X80
0080 147
§838 }23 .ALIGN QUAD
0838 }g? é For k =0, 1, ..., 16, the k=th entry of the Al table is 2*(k/16) rounded
0080 15§ : to 56 bits and the k-th entry of the A2 table 2*(k/16) = A1_TABLE (k)
0080 153 : rounded to 56 bits.
0080 138 °
§o 159 A1_TABLE:
OB707Ce AACI4080 0088 138 ‘QUAD  ~Xe8IBaTCCARCIL0Rs
aaor;gsa 9 Clkog? 090 159 .QUAD ‘xsaogs EA95C14088
11c3 AB §;° 409 89 160 LQUAD  “X11C ABS 034091
BBA9S18D r§4 98 00A0 161 JQUAD  “XBBAJS 30 £04098
A1126091 7532409 00A 16§ JQUAD  “XA1126091F53 409;
5139A981 rsgek AS 00BO 16 .QUAD  ~X513 A9a1rsgea A
A142§A4$ S83E4 Ag 0B8 164 JQUAD  “XA14BEA4L2583E4 Ag
DE6S33F 8&r§4 0C0 165 JQUAD X egsgsr 4r§4 8
C rorgg ’A 4 g 0C 169 .QUAD  “XOC rg ’A 4 ag
§6 1 ‘AA C D0 16 JQUAD  *X 63?1; iA& C
481151F %& C4 c; D 163 JQUAD  ~x8481151F248C4 c;
9D6BCADS &44FC40D E 19 LQUAD X D6?CA86 4FC40D
96 1533A C ogk E0 O0OE8 170 JQUAD X 45 e; AC Dik EO
o i B Ul CHR oo,
8530050 0004100 010 17§ JQUAD  *X 38800 000004109
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L,SBTTL OTSSPOWDD = DOUBLE to DOUBLE giving DOUBLE result
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s e
; FUNCTIONAL DESCRIPTION:

OTSSPOWDR = DOUBLE result = DOUBLE base *+ FLOATING exponent
OTSSPOWRD = DOUBLE result = FLOATING base *+ DOUBLE exponent

OTSSPOWDD = DOUBLE result = DOUBLE base ** DOUBLE exponent
The DOUBLE 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))

C

D
Floating Overflow and Underflow can occur.

Undefined Exponentiation can occur if:

ase is 0 and exponent is 0 or negative
2) base is negative

The basic approach to computing x**y as 2*[yvlog2(x)] is the following:

e el m® B b s e b e o cmech e oD e e b el D e e b h D d b b b 3 B2

00 0o G0 GO GO GO 0o GO Co 00 GO G0 G0 0o 00 O Co 0B O 0o 0O 0o G 0O GO GO OO 0B 0B OO 0O 0 0D 0O 0O 0 0O 0o 0o o GO o GO GO 0o GO 0D O GO GO O 0O 00 CO CO Co 0o

Step 1: Compute lo?Z(x) to sufficient precision to guarantee an
accurate final result (see below.)

Step 2: Compute y*log2(x) to at least the accuracy that log2(x)
was computed.

Step 3: Evaluate 2‘£y'log2(x)] accurate to the precision of the
datatype in question.

To determine the accuracy to which Log2(x) must be computed to, write
"lOQZ(K) as I + h, where 1 is the integer closest to y*logZ(xS. and
= ytlog2(x) = I (Note that thi =< 1/2.) Then

2*[y*log2(x)] = 2*(1 + h) = (2*1)*(2*h).

Since the factor 2*1 can be incorporated into the final result by an integer
3ddition to the exponent field, we can assume that the multiplication by
“] incurs no error. Thus the total error in the final result is determined
how accuratel¥ 2*h can be computed. If the final result has p fraction
bits, we would Like h to have at least p good bits. In fact it would be
nice if h had a few extra guard bits, say 4. Consequently, we would like
h to be accurate to p + & bits.

et e be the number of bits allocated to the exponent field of the data type
n question., If I requires more that e bits to reYre ent, then overflow or
underflow will occur, Therefore if the product y*logl(x) has e + p + 4 good
bits, the final result will be accurate. This requires that Log2(x) be

O ONON OO O NYWAWWAWAVAVAVAWAWNLES 85 85 85 85 85 85 88 8 5 W N NN N NN AN NN NN NONONONOND

NS NN = O VO NO WS N = OO0 N WSS N = O VO NON WS IR = O 00 NN NS IR = O 8
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computed to at least p + e + & bits.

Since Log2(x) must be computed to more bits of precision than is available
in the base data type, either the next level of precision or multi-precision
arithmetic must be used. We begin by writing

gn41
log2(x) = log2(b) + /> c(2n+1)=2",

n=
Where c(1) = 1, and 2' = (2/ln2)[(z=b)/(2+b)]). Hence

en+1
log2(b) + 2" + > c(2n+1)#2'

n=1""
log2(b) + 2' + p(2').

Note that if p(2') is computed to g bits, and logZ(b) + 2' is computed
to p+e+4 bits and overhangs p(z') by e+4 bits, the required accurac‘ will
4

log2(x)

be achieved. C(onsequently, the essential tricks, are to pick b such that
the overhang can be achieved and to compute logl2(b) + 2' top + e + 4 bits.

OO0 O0O00O0000O0O0O0O0O0O0O0O0O0O0O0O0O0O0O0O

CALLING SEQUENCE:

power.wd.v
power.wd.v
power.wd.v

INPUT PARAMETERS:
Base and exponent parameters are call by value

IMPLICIT INPUTS:
none

OUTPUT PARAMETERS:
none

IMPLICIT OUTPUTS:
none

FUNCTIONAL VALUE:
OTSSPOWDR = DOUBLE base ** FLOATING power
OTSSPOWRD = FLOATING base ** DOUBLE power
OTSSPOWDD - DOUBLE base *+ DOUBLE power

SIDE EFFECTS:

SIGNALS MTHSK_FLOOVEMAT if floating overflow.

SIGNALS MTHSK_FLOUNDMAT if floatina underflow.

SIGNALs MTHS _ONDEXP (82 = ' UNDEFINED EXPONENTIATION') if
1) bBase is 0 and exponent is 0 or negative

OTSSPOWDR (base.rd.v, exponent.rf.v)
OTSSPOWRD (base.rf.v, exponent.rd.v)
OTSSPOWDD (base.rd.v, exponent.rd.v)
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TS$SPOWDD - DOUBLE PRECISION =+ DOUBLE PRE lSlON 16=-SEP=19 AX/VMS o V04-00 Page 9
3-807 OTSSPOWDD = DOUBLE to DOUBLE giving ooug g SEP-19S ? 5? !HTHRT TSPOUDD MAR;1 v (5)
07FC }: 23 LENTRY OTS$SPOWDR, ACMASK 3
14 ¢ 1A 41 SUBL # 0, SP ; Allocate 5 Longwords on the stack
6t 02 9 10 4§ MOVL (SP) ; Set number of arguments equal to 2
04 AE 04 AC g 4 MOVD base(AP) base(SP) ; Move base to stack
OC AE  OC AC 56 44 CVTFD (AP), exp(SP) : convert FLOATING exponent to DOUBLE
0000024C'EF 6E FA A 345 CALLG  (5P), 0fs$POWDD : Call OTSSPOWDD
04 1 49 RET
4
0 § 29
07FC ¢ 4508 LENTRY OTSSPOWRD, ACMASK -
SE 14 CS 8 4 51 SUBL #20, SP ; Allocate 5 Longwords on the stack
6 02 DO 0237 S; MOVL #2, (SP) ; Set number of arguments equal to 2
04 AE 04 AC  S6 023A 5 CVTFD base(AP) base(s ) : convert FLOATING base to DOUBLE
OC AE 08 AC 70 8 3F 54 MOVD fex? (SP) : Move exponent to stack
0000024C"EF 6E FA 44 55 CALLG (SP OT§SPO DD ; Call OTSSPOWDD
04 D58 33 e




¢ 13
TS$POWDD - DOUBLE PRECISION ** DOUBLE PRECISION p 16-SEP- AX/VMS Macro V04=00 .
0307 OTSSPOLDD < BOUBLE to DOUBLE oi5ing DOUB G-SEP-1984 11:28.83 Imrunme Bacre ¥OUZ00 war:1 F29¢
07 ¢ ENTRY OTSSPOWDD, ACMASK :

Move x to RO/R1. If x <0, or x = 0 and y =< 0, return "'UNDEF INED
EXPONENTIATION'' error condition, otherwise attempt to compute xt+y

GET_BASE:
50 04 AC o MOVD base(AP), RO ) ; RO/R1 <==
1B 14 BGTR DEF INED ; If x > 0 attempt to compute xtry
06 19 BLSS UNDEF INED ; Branch to error code for x < 0
0OC AC 73 TSTD exp (AP) ; Check sign of y (Note that x = 0)
01 15 BLEQ UNDEF INED : Branch to error condition if y =< 0

~
o
olelelelelelelolelelelelelels]

000000000000 ~NNOOOCONONONONONONON OO OO O NI TN IV SN S B S S S

; II.procassing continues here, this implies that x = 0 and y > 0. Return
§ By «

04 RET : Return

E If processing continues here, this implies that an undefined exponentiation
; was attempted. Signal error and return

UNDEF INED:
50 8000 g; 32 CLKEUL :“XSOOO RO : RO/R1 <==- Reserved operand
7E  O00'8F 9A MOVZBL #HTHSK UNDEXP, =(SP) ; Put error code on stack
00000000°'GF 01 FB CALLS . GAMTHSSSIGNAL ; Convert error number to 32 bit
: condition code and signal error.
; NOTE: Second argument is not re-
: quired since there is no JSB entry.
04 RET : Return
s It grogessing continues here will attempt to comﬂute Xty as " i ytlan(x)].
: egin by determining k and f such that x = *f, where 1 =< f < ¢Z.
DEF INED:
S& SO FFFFBO7F 8F Cg BICL3 l‘XFFFFBO?F RO, R& : R4 <-- % 7 (blaged exponent of x)
54 00004080 8F SUBL #*x4080, : RG C== 2*7¢ 7+(exponent of x = 1)
50 54 (2 SUBL R4, RO : RO <== ¢ = (fraction field of x)

We are now ready to compute Log2(x). This computation is based on the
following identity:

2 1
log2(2*k*f) = k + log2(a) + ====- === 2%(2j+1), where 2 = ===== .
n(Z)/____ 2i+ f+a
We begin by determining a as b*i, where b = 2*(1/16) and i is
between 0 ayd 16 inclusive. Specifically i is chosen by table look-up

—h e e e i e e e s e =B [TV YTV IIMMMM NN O OO OADODODOOO M OO NONMMMMMMMmo o

BB BB 858858 8 8 3 B B AN A N A N N U A N U U RN U U N N N N N N N U N A N N U A N AN NN A NI O

(e lmimlmlelelelelelelelelelalelelelelelel=llicll=llclclelelelelelelelelelelelele =]
—b e s e e = O O O OO O OO OO OO OO OO O OO O 0o 0o 0o 0o 0o 0o 0o 0o 0o 00

L L N N N N L N LN LN N L N N N N N L N LS S S LS LN LN N N S LN S LN NN N LN NN N T N N

—~—
~NO




0T$S$POWDD = DOUBLE PRE
2=007 OTSSPOWDD -

1

1

1

1

1

|

SA 50 FFFFFFBO 8F (B 1
SA__ FD72 CF4A 90 9
e 56 S5A (O F
5A 5A FD BF 9¢C 93
029

0¢9

8 9

9

v
0298

0298
0298
0298
0298
0298

0298

0298

0298

0298

0298

0298

0298

0298

0298

0298

58__ FDE3 CF4A 7D 0298
7E 51 59 (D 029
02A2

02A2

52 50 58 61 O02A2
50 58 6; 02A6

S8 50 52 47 02A9
59 00 DO 0¢AD

0280

i

v

0280

0280

8

B

B

8

8

B

8

5¢ 52 00 0280

W= OVONO NS WA = OV NO VS W —=OVO~NoOs Cw

44

[+« I

D 13
ON =+ DOUBLE PRE?ISION 16-SEP-1984 1:57:5g YAXIVHS Macro V04-00 Page 1
LE to DOUBLE giv (

AL A A PR TE FE PR PR PR PR PR FE PR TR TR

™m LR TR TR T T

VAL_LOGZ:
Bl

ng DOUB 6-SEP=-1984 11:28: MTHRTL.SRCJOTSPOWDD .MAR; 1

in such a fashion as to minimize the magnitude of 2. Since log2(a) = i/16
we may write

log2(x) = k + i/16 + z+vp(2+2).

L3 c~xrrrr;rgo. ng. R10 R10 <=- index to INDEX table
MOVE INDEXCR10], R1 R10 <== {2243
ADDL3 n1g, R4, =(SP) SP ==> 247%(k + i/16)
ROTL .  #-3. R10, R10 g Con {

e Linker will cause an error if
are used instead of [] for these

10
10
P
10
10 will be multiplied b‘ 2*3 by
ta e
Th
()
table references.

We proceed by computing z = (f-a)/(f+a). In order to insure the accuracy of
the final result, it is necessary to compute 2z to at least 68 bits. Since no
back up data type is available, we must compute 2 in two parts: z = z1 + 22,
where 21 is the high 24 bits of 2 and 22 is the low 56 bits of 2. Further,
to obtain the desired accuracy it is necessary to work with a = al + a2,
where al and a2 are the high and low 56 bits respectively of 'a'. We begin
computing (in single precision)

21 = (f = al)/(f + al)

Note that f-al can be computed exactly in 56 bits, but f+al ma{ require 57
?itsa T?e 57 bit can be determined by the exclusive or of the low bits of
and al.
R8/R9 <=-- a1l
SP ==> XOR of low bits of al and x
(This will used to determine the
7 bit of f+al.)

R2/R3 <== f + a1 (rounded)
RO/R1 <== f = a1 (exact)

MOVQ_ A1_TABLECR10], R8
XORL3  R9T R1, =(SP)

ADCD3 R8, RO, R2
RO

L IR TETETE TR TR PR Y

Bv®  i5: A v RB/R9 <o 21 (double)
To compute 22 we note
2=214+22=(f -al - a2)/(f + al + a2)
==> 22 = (f - al = a2)/(f + al + a2) - 21

Now Let v = f + al + a2 = v1 + v2, where v1 and v2 are the high 24 and low
56 bits of v respectively. Then

22 = [(f = a1l = 21*y1) = (a2 + 21%w2))/v
We begin by computing vl and f = al = 21y

MOVL R2. R& : R4 <== high longword of f + al

ble references Like t line below.
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54

= DOUBLE PRECI
OTSSPOWDD = DOUBLE
0 D B3 473
56 2 4 68 B6 474
4 B 4 BA 475
0 [ 2 BD 479
C 477 :
C 478 :
C 479 :
FELS CF4A 70 C 480
FFFEFFFF BF CA Cé 481
05 1 b 4 g
56 FEBD CF 6 CF &
26 & 6 D& 4B4 18:
6 B8 64 D7 485
56 S4 60 02DA 4Bé
020D 437 :
DD 488 ;
DD 489 ;
S0 S6 62 DD 490
SO0 S2 66 O02E 491
02E 492 ;
02€ 493 ;
02E 494 :
02€ 495 ;
02E 496 ;
02E 497 ;
02E 498 ;
02E3 499 ;
02E3 500 ;
02E3 S01 ;
02E 50§ :
OSE 503 ;
02€ 504 ;
02E3 S05 ;
OSES 506 ;
023 507 ;
0553 508 ;
02E 509 ;
02€ 510 ;
02€ 511 ;
02€ S1§ :
02E 313 :
02E 514 ;
02¢ 15 ;
E 19 3
E 1
S8 FEB9 CF 65 E 518
S8 FEBB CF 64 E9 219
SO FEA6 CF 64 E§ 0
SO0 S8 60 8 F 521
S8 SO0 54 61 Fé g
FA
FA 4 ;
;: » B
.
FA g s

13
SIEN *+ DOUBLE PRESESIDN

16°SE::1332 ?}:gzisg !AIIVHS Macro V04-00

to DOUBLE giving DOUB 6-SEP-1 MTHRTL.SRCJOTSPOWDD .MAR; 1

MOVL #0, RS : R4/RS <== y1
SUBD3 R4, R2, Ré : R6/R7 <== f + 31 = y1 (exact)
MULD R8, R4 : R4/RS <== 21*y1 (exact)
SUBD R4, RO : RO/R1 €== f = a1 = 21*y1 (exact)
; Compute v2 and a2 + alwy?2
Mova A2 _TABLELR10], R4 : R4/RS <== 32
BICL #-XFFFEFFFF, (SP) : Check if w was rounded
BEQL 1% : Branch if not rounded
SUBD TWO_M55, Ré6 ; Correct for_rounding error (exact)
ADDD R4, R6 : R6/R7 <== y2
MULD R8, Ré : R6/R7 <== 21%y2
ADDD R4, R6 : R6/R7 <== 32 + z21%y2
Compute 22
SUBD R6, RO ; RO/R1 <== (f=al=21*y1)=(a2=21*y2)
DIVD R2, RO : RO/R1 <== 22

The next step is to compute log2(x) accurate to at least 68 bits. This is

accomplished as follows, let

” 2‘7'loez(x)

*2%2 + ... + c10+2*10)
g)* ees + d10%2'*10)

where 2' = (2*7+c0)*z and w1 and w2 are the high 24 and low 56 bits of w
Note that the choice of 'a' used in computing 2, guarantees
that _2z' overhangs 2'+*q(z'*z') by at least 13 bits. Hence, if w is_computed
as w1l + w2, the necessary 68 bits of accuracy can be obtained. c0=2%6/Ln(2).

respectively.

We begin by defining

¢_ = high 56 bits of (2*7+c0)

¢l = high 28 bits of (2%7+c0)

c2 = low 56 bits of (2*7+¢c0)

then
2' = (21 + 22)*(c1 + ¢2)
= 21%c1 + 21%¢c2 + 22%c.

MULD3 C1. R8, R4 : R4/RS <== ¢c1*21
MULD 2., R8 : RB/R9 <== ¢2+21
MULD C, RO : RO/R1 <== c*2
ADDD  R&, RO i RO/R1 <== c*22 + c2+21
ADDD3 R4, RO, RS : RB/R9 <=- 2°

We proceed by letting
wl = high 24 bits of 2*7+(k + i/16) + 21+c1
we' = ([2°7+(k + i/16) + 21*¢c1 = w1] + 21%¢2) + 22%c.

and

Page };)>
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53
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52
53

55

5A 04 AE
56 & S5A
7 0

52 L) &
53 0

56 2

6 50 4

[=1=P 1.
o
Mmoo

5¢ 0C AC

56 08 07
52 0080 ;
33 9o &
53 007F gF
6

4

4

FFFFOFFF 8F
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2 6
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= DOUBLE PRECISION *+ DOUBLE PRE

OTSSPOWDD -

OCOO0O0O00O0O0O0O0O0O0O00O

N LN N N NN PONONONONONONONONONOND

FA
FA
FA
FA
FA
FA
FA
FA
Fa
FA
LE FA
i g
0 g%
09
Dg 0309
62 030C
61 OgOF
031
031
03
031
, o
5 0N
64 031D
60 03%
03
032
03
03
03
03
7 035
03
0327
0327
Og 7
0327
8 7
7
EF 0327
A2 C
o8
ke
B1
Ty 4
64 &4
00 %8
&8 0388
6 0338
C
C
5C

OUBLE to DOUBLE giv
4
4
)
4

==> W

where w2 = w2'

CVTLF
ADDF3
MOVL

SUBF3

MOVL
SUBD
ADDD3

i

;
2
3
]
3
]
]
5
5
5
5
5
5
5
3
3
:
5
3
3
:
3
§

?
:
5
9
:
9
i

E Compute w2

MULD3
POLYD
MULD
ADDD

We now calcula
yl and y2 are

'A
5
:
8
9
0
1
g
4
5
6
7
8
9
0
1
g MOva
'A

5

6

7 : This will

8

1

g

4

5

3

:

0

1

:

'A

5

4
4
4
4
4
4
5
]
5
5
5
]
5
5
5
5
6
6
6
6
6
6
6
6
g
7
[4
[4
[4
4
7
7
4
7

MULD
MULD

F 13
%lSlOﬂ 16=-SEP-1984
ng DOUB 6-SEP-1984

[%‘7'(k + i/16) + 2']
W + W ' 4+ z'.q(z"z'
wl + we,

+ 2'+q(2'%2")

4(SP), R10
R10, R4, R6
R7

#0
rR10, R6, R2
#0, R3

R2, R4
R4, RO, (SP)

AR FE PR TR PR R TR T

, R8, RO
:86GLEN-1. LOGTAB
(SP), RO

te y*lo

1:57: AX/VMS Macro V04=-00
1:28:82 !HTHRTL.SRC]OTSPOHDD.HAR:1

==> 2°7T+(k + i/16) + 2' = w1l + w2'.

¢ 2'vq(2'%2")

R10 <== 2%7(k + i/16)

R6 <== 2*°7(k+i/16) + 21*¢c1 in single

R6/R7 <== wi

R2 <== bits of 21*¢1 included in wl

= «[2(k+i/16)+21%¢1 = wl]
Convert R2 to double

%g‘?(k+i/16)+zitc1 - wl] + c1=221

P) ==> w2

RO/R1 ==

z.'z.

RO/R1 <== q(2°'*2")
RO/R1 <== 2'*q(2'*2")
RO/R1 <== w2

(x) = (yley2)*(wl1+w2) = yl*ryl + y2+ul + y*w2, where

2
the higg and low 28 bits of y respectively.

exp(AP), R4 ;

Test for the possibility of overflow in the computation of ¥'u1.
occur if the exponent of y plus the exponent of w

. R&
R6, R2

than 127.
0

EXTIV  #7, #8, R4, R2 ;
SUBW2  #*X80, R2 ;
EXTZV  #7. #8. R6, R3 :
SUBW2  #*X80, R3 ;
ADDWZ R2, RS ;
CMPW  #°X7F, R3 :
BLSS  Y_TIMES_W1_OVER

MULD RE, R 3
MOVL R4, R :
BICLS #*“XFFFFOFFF, RS, R3 :
SUBD R2 :

R6, Ré

R4/RS <== y

is greater

biased exp of
unbiased exp of y
biased exp of wl
unbiased exp of wl
unbiased exp of wlry

Llargest unbiased exp possible is 127

20/51 (;;
RS/R .

<=="yl
R4/RS <== y?2

"W
longword of y1

R2/R3 <== ylwwl
R4&/RS <== y2+wl

§6 : The next step in computing 2*[y*log2(x)] is to write y*log2(x) as

13
(7)

e ETTEEE———————r
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TS$POWDD - DOUBLE PRECISION *+ DOUBLE PRE ?sxou 16-SEP-1984 01:57: AX/VMS Macro V04=-00 P 14 | 0Ts
3-307 OngPOHDD = DOUBLE to DOUBLE giving DOUE 2-55?-1934 1:28:89 !HTHRTL.SREJOT POWDD .MAR; 1 — (7) | Sym
C 7 | BAS
E gg : y*log2(x) = I + j/16 + g/16, | g:;
C 0 ;: where 1 is an integer, i is an integer b n 0 and 15 inclusive, f CHF
E gi : g is a fraction ingthe nterval [-193. 1,5’.' SR | Eg;
c 9 : \ Do-
56 S2 00004DCO 8F 41 SC 94 ADDF3  #*x4DCO, R2, R6 ; 3+2*5 is used in this truncation process 00_
0 gz gS : %g‘:void 3 possfb%g ggrnaligatign 23:
3 co occur
56 00004DCO 8F 42 0364 33 SUBF #1400, R6 P RG <== 297(1 % 3716) in single ~ 9 EXC
57 00 D0 0368 508 MOVL  #0. R ; RE/RT <== 27014 116) n double EXP
2 6 6 g 9% 688 SUBD R6, R2 : R2/R3 <--ithfs§ 5iis 3f7?}'z1 ??z’ =¥:
: n -
5¢ S2 60 0271 601 ADDD R2, R4 . — j MTH
59 5S4 60 0%74 60; ADDD R4, RO : RO/R1 <== g MTH
b) §6 49 0377 60 CVIFW  R6, R7 : R7 <== 2*7%(]1 + j/16) in integer MTH
S 1 83;? ggg BVS EXCEPTION_1 ; Branch if !I! is too large 213
0§7C 606 ; POV
037C 607 ; We can now compute PSL
037C 608 ; SET
83;2 293 : xtey = 2°[y*log2(x)] = 2*[1 + j/16 + g/16] g;g
83;5 g}1 ; = (2°1)*[A*(B+1)] = 2*I+[A + A*B], where 233
037C 61§ DA = 2*(j/16) is obtained by table lLook-up and B = 2*(g/16) - 1 is obtained $S$
037C 614 ; by a Min/Max approximation. $s$
037 o’ HH
FES6 CF 07 SO 75 037¢C 617 POLYD RO, #EXPLEN=-1, EXPTAB ; RO <== B = 24(g/16) - 1. (Chebyshev $S$
038% 618 : polynomial approx. of degree 5) UND
52 57 FFFFFF80 BF (8 038 619 BICL3 #*XFFFFFF80, R7, R2 : R2 <== 2*3 » index into A1_TABLE
Sg 5¢ FD 8F 9C 838A 620 ROTL #-3, R2, R2 : RS <== index into A1_TABLE
0 FCEC CF42 64 O38F 621 MULD  A1_TABLELR2], RO : RO/R1 <== A*B
58 FD6E CFé& 60 0395 62§ ADDD A2_TABLELRZ2], RO : RO/R1 <== A*B + A2
b) FCEQ CF& 60 0398 6% ADDD A1 _TABLELRZ2], RO : RO/R1 <== 2*[(j+g)/16] = (A*B+A2)+Al
57 gorr 8F AA 03A1 624 BICW #°X7F, R : R7 = 2°7+1] PSE
0 57 AOD 03A6 625 ADDW  R7, RO ; RO <== 2*1%2°[(j+g)/16] -=e
007F BF SO Bl O03A9 626 CMPVW RO, #*XT7F : test for over/underflow .
07 15 0 As 627 BLEQ EXCEPTION_2 ; see what exception is if neg or =0 $AB
04 8 1 g g RETURN: RET : otherwise return result in RO 07
1 630 ;
8§§} 631 : Handlers for software detected over/underflow conditions follow
381 2 i ’
381 634 EXCEPTION 1 - Pha
56 53 1 635 TSTF R6 ; if big ARG > 0 goto overflow e
10 18 639 BGEQ OVER : handler, otherwise go to Ini
08 N géa BRE UNDER : underflow handler gg:
7 639 EXCEPTION 2: : Sym
57 BS 7 640 TSTW R7 ; test sign of I; if I <0 Pas
17 18 9 64 BGEQ OVER : go to overflow handler Sym
gga bti Pse
B 643 ; Cro
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TS$POWDD - DOUBLE PRECISION *+ DOUBLE PRECISION p 16=SEP=1984 01:57: AX/VMS Macro V04=-00 Page 15 01%
3-307 OTS$SPOWDD - DOUBLE to DOUBLE givsng ooug 2-55?-19 4 ?1:23:52 !mum.sncmtspouoo.m;1 . (7 VAX
88 246 ; {'u1 would have caused a hardware 5ysten floating overflow error. If y<0, Ass
B8 45 ; then we should return a result of 0 since result = 5‘(y'(u14u2)). Note, h
B 64? : Yy can not be zero. 913
BB 647 ; Th
BB 663 385
BB 649 Y_TIMES_W1_OVER: 11
5¢ 73 BB 650 1STD R& ; if y <0 no overflow is needed
13 14 BD 651 BGTR OVER ; overflow
oF 638
B: 65; : Underflow; if user has FU set, signal error. Always return 0.0
F 2; . Mac
9 o
03BF 657 UNDER:
S0 7¢ O03BF 658 CLRQ RO : RO/R1 <== 0 -$2
0B 06 AD 06 ET1 03C1 659 BBC #6, SFSW_SAVE_PSW(FP), 2§
§C6 660 ; has user enabled floating underflow? 148
7TE  O00'8F 9A €6 661 MOVZBL #MTHSK FLOUNDMAT, =(SP) ; Put underflow code on stack.
00000000°'GF 01 FB 0§CA 66; CALLS #1, G MTHSSSIGNAL ; Convert to MTHS_FLOUNDMAT (32-bit The
0301 66 ;5 VAX=11 exception code) and
0301 664 ; signal condition MAC
04 03D1 665 2%: RET ; return
03D 666
03D 667 :
8%3 ggg ; Signal floating overflow, return reserved operand, =0.0
03D 670
03D 671 OVER ; else process for overflow
7E  00°'8F 9A 03D 67§ MOVIBL #MTHSK _FLOOVEMAT, =(SP) : Put overflow code on stack
SO 01 OF 79 0306 67 ASHQ #15, #7, RO : RO = result = reserved operand
03DA 674 ; =0.0. RO will be copied to
03DA 675 : signal mechanism vector (CHFSL_MCH_RO/R1)
03DA 676 ; S0 can be fixed up by any error
03DA 677 ; handler I
00000000°'GF 01 FfB O3DA 678 CALLS #1, G*MTHSSSIGNAL ; signal condition
064 O03E1 679 RET ; return - RO restored from CHFSL_MCH_RO/R1
032 680
032 681 .END




OTSSPOWDD
Symbol table

A1_TABLE
A2 "TABLE
ACRASK
BASE

C

1
2
COMMON
DEF INED
VAL _LOG2
CEPTlON
CEPTION 2
PLEN

PTAB

(P

GET _BASE
INDEX
LOGLEN

LOGTAB
MTHSSS IGNAL

E
EX
El

EXP
EX
EX
FE

MTHSK_FLOOVEMAT
MTHSK _F LOUNDMAT

MTHSK “UNDEXP
0T1s$ D

RE TURN
SFSW_SAVE_PSW
Two_M5S

UNDEF INED

0000
o o
g?:&ﬁ% 333
0O (=
OOOOOOS

—_ O~ —
OOWVP P OO NO

VIOM OO0 N = = RO H MO

LA A 2add ]|
TR RTRY
TRkt RTRY
TRt RtRE

0000024
000021

0000004
00000190
00000;5(

UNDER 000
Y_TIMES_W1_OVER 00000388

PSECT name

Initialization

Command processing

Pass 1

Symbol table sort

Pass 2

Symbol table output

o V04-00 Page 1

[ 13
= DOUBLE PRECISION =+ DOUBLE PRECISION p 16-SEP-1984
6=$ TSPOHDD.HAR:1 (

ZSEp-198¢ 11:28:68 EATARTL.SAES

00
oo
nn

DDDVDVDDODDOD
jolelelelslelels]

R 02
R 0
N
R 02
X 00
X 00
X 00
x 00
RG 02
RG 02
RG 0%
R 0
R 02
R 0
R 08
R 02
R 02
oo e e =S &
! Psect synopsis !
R ek 4
Allocation PSECT No. Attributes
00000000 ¢ 0.) 00 ¢ 0.) NOPIC USR CON ABS LCL NOSHR NOEXE NORD NOWRT NOVEC BYTE
00002000 ( 0.) 01 ¢ 1.) NOPIC USR CON ABS LCL NOSHR EXE RD  WRT NOVEC BYTE
0000032 ( 994.) 02 ¢ 2.) PIC USR CON REL LCL SHR EXE RD NOWRT NOVEC QUAD
brcocvcocccscc s s s cecn - 3
l Performance indicators i

o

%

Y

vef
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OlstP?UDD = DOUBLE PRECISION *+ DOUBLE PRECISION p 16=SEP-19 1:57: AX/VMS Macro V04=-00 Page 17
VAX=11 Macro Run Statistics g g-SEP-1 8 ?1 :28: Sg !HTHRTL S TSPOUDD MAR:1 v (7)
Psect s sis output 1 :00:00. 0:00:00.
Cross-rz?ggonco ougput g §§:§§:§8.§§ §8:§8:8§.8§
Assembler run totals 42 :00:064. :00:19.4

5 ’orking s!t Limit was 1?00 pages.

1 bytos (24 pages) of v rtual memory were used to buffer the intermediate code.

t ere were 10 pages of symbol table space allocatcd to hold 62 non-local and 2 local symbols.
741 source linos were read in Pass 1, produci n! 21 object records in Pass 2.

9 pages of virtual memory were used to define 8 macros.

--------------------------

Macro Library name Macros defined
_$255SDUA28:[SYSLIBISTARLET.MLB;2 “H
88 GETS were required to define & macros.

There were no errors, warnings or information messages.

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