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000000 T SSSSSSSS PP 000000 Wi WW HH HH HH HH cose
000000 T SSSSSSSS PP 000000 ww WW HH HH HH HH coce

LL 111111 SSSSSSSS
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acro V04-00
6-SEP-1984 MTHRTL.SRCIOTSPOWHH.MAR: 1
OWHH = REAL*16 =+ REAL*16 power routine
6/ ; File: OTSPOWHH,.MAR EDIT: JCW2006

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
?;:sgrggsggN. NO TITLE TO AND OWNERSHIP OF THE SOFTWARE IS HEREBY

THE INFORMATION IN THIS SOFTWARE IS SUBJECT TO CHANGE WITHOUT NOTICE
ngpogg??ﬁa 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.

(AR ARl iRttt ittt ittty

‘FACILITY: Compiled code support Library
4
ABSTRACT:

H_floating base to H_floating power

VERSION: 2
AUTHOR:

Bob Hanek, 9-Mar-83; Version 2
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3306 " START1E, SIS v routing L TUCSERCISNC QOB YAN/unS Mt Y000 L Pac &

LSBTTL HISTORY ; Detailed current edit history Al

Edit history for OTSSPOWHH BAS

3-88 lnplonented nou algorithm RNH 18-Mar-8 g
=002 Change references of A1_TABLE(Rx) and A2_TABLE(Rx) to A1_TABLEL[Rx] €2
f?g 2 rAang to avoTd linker problemS with .ADDRESS Tor data. DEF

5-80 Change rolaining rofercnco of INDEX(Rx) to INDEX[Rx]. LEB 29-May=-1983 ExC
=004 Add in # si gns o void linker errors regarding non-relocatable EXC
references. -Hay-1983 EXP
%-005 Correct use o quaduord index from INDEX. SBL 31-May-1983 EXP
=006 Corrected a bug involving a SYS_F_FLTOVF_F error dur n?
MULH2 R4, t2(SP). Code was added To see 7f a MTH overflow message IND
or a zero should be returned. JCW 19-Jan-1984 LOG
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TSSPOWHH = REAL*16 *+ REAL*16 power routine 16-SEP=1984 02:00:37 VAX/VMS Macro V04=00 P 0TS
3-306 DECLARAT IONS ’ -ssp-19ga ??:88:31 HTHRTL.SRESSTSPOHHH.HAR;1 ot (g), VAX
6; .SBTTL DECLARATIONS Pse
5 - Cro
2% INCLUDE FILES: .
00 69 : ' The
800 6 139
0§8 63 : EXTERNAL SYMBOLS: ;25
000 0 ; ' | 90
0000 72 DSABL  GBL
888 7§ CEXTRN MTH$SSIGNAL : Math error routine
74 LEXTRN MTHSK_FLOOVEMAT ; Floating point overflow code
000 75 EXTRN MTHSK_FLOUNDMAT ; Floating point underflow code
0000 76 .EXTRN MTHSK_UNDEXP ; Undefined exponentiation code Mac
0000 77 v
0000 78 ; _$2
8888 gg : MACROS: 88
0000 81’ $SFDEF : Define stack frame symbols
0000 82 ; The
8888 gz ; EQUATED SYMBOLS: MAC
00000004 0000 85 ° base = & ; offset to base (by value)
00000014 8888 gg exp = 20 ; offset to exponent (by value)
000003F0 0000 88 ACMASK = ®"M<R4, RS, R6, R7, R8, RO
8888 38 ; register saving mask
00000004 0000 91 t2 = 4 ; Offsets from stack pointer
00000014 ©QOO 9% té = 20 ; to temporary storage locations. l
00000024 8888 8‘ té = 36 Each location is 156 bytes ’




i el

06 04 04 04 02 02 FF 00
OA OA OA 08 08 08 06 06
10 OE OE OS 05 0C 0C OC
16 14 14 12 12 12 10 10
18 18 18 18 16 16 16 14
1E 1C 1C 1C 1€ 1A 1A 1A
22 20 50 0 20 15 1E 15
26 24 24 24 24 % 22

28 28 2B 2B 28 26 26 26
56 30 30 3¢ 28 &€ &€ o8
34 34 32 32 S 5 0 8
36 36 36 36 36 34 34 34
3A 3A 3A 38 38 38 38 8
3C 3C 3C 3C 3C 3A 3A 3A
40 40 40 3t 3t 3 3E 3E

7TA2ACALF F7CAOEES 7806A3E7 0294001

um%W%W&%ﬂ&‘w

92F62 9086CF

31BDAEDY F10A6E e B 04 01
B14AC50E F7C 9 172 4881
0F 082899 5880 80 19 104

5CB6B1C1 1FAg s 23A6 GOOI
4LAALF SA 301 12C FD EDF £94001
5 630 BD5A5 9% ;gA 9 F4001
b §F4 QSSQAA A4001
D7743E13 41222358 34 64C1 3DEA4001
01A009DF 36F4D031 18928606 &4E04001

G 2
;; REAL*16 power routine 1g-SEP

39 : PSECT DECLARATIONS:
.PSECT _OTS$CODE

i CONSTANTS:

g BEFORE the A1 and A2 tables.)

The INDEX table gives the offset (in
; entries in A1_TABLE and A2_TABLE.

21984 9%:98:37 YAYANTS Bacre YOUZ00 waR:1

PJC,SHR,QUAD ,EXE ,NOWRT

; program section for OTS$ code

vadwords) to the a?ﬂro riate
E: Entry 1 of the table

is a special encoding that™ is intended to access the octawords immediately

b il i cul cnl il anl il i cnl cxid il cxilival al axil c c il anld ) alh wi ) i il el al a e D ) e i e b el il e ad al i e e e b i b el b el e

9

%

00

§

04

05

s

o8

09

1o

1§ INDEX .BYTE "0, “RFF. "R02. “X04, “X04, “x04, *X06
1 .BYTE “x06, “x06, “x08, “x08, “X0A, “X0A, “X0A
14 .BYTE  *Xx0C, “x0C, “x0C, “X0E, “X0E, “XO0E, *x10
15 .BYTE *X10, *“x10, *x12, “X12, “X14, *X14, *X14
16 JHYIE RN, "IN "RIN. “x18, “x18, “x18, “x18
17 BYTE  *X1A, “X1A, *X1A, “X1C, *X1C, *X1C, “X1C, *X1E

18 .BYTE “X1E, “X1E, ‘X1S, “x20, “x20, “x20, *x20, “x22
19 .BYTE “x22, *“X22, “X22, “X24, “X24, *X24&, *X26

50 BYTE  *X26, “X26, “X26, “x28, “x28, “x28, “x28
1 .BYTE AX2A, “X2A, *XZ2A, “x2C, “xecC, ‘Xg s "Rat

2% .BYTE ‘x E‘ .x E. .x S. .x E' “x o, .x 0. ‘xs

2 -BYTE .x o. ‘x o. » '] .x 2' .XSZ' .xs" .x34

24 BDYIE K38, *E3%., *N38. “X36, “X36, “x36, “X36

25 .BYTE “x38, ~“x38, “~x38, “x38, “X3A, “X3A, “X3A

26 .BYTE “X3A, “X3A, “X3A, s PEI . TR, "IN

%z SYIE.  “KN. "IN, "N, “X3E, “X40, *x40, “X40

gg .ALIGN QUAD

31 ;

gi : For k =0, 1 32, the k=th entry of A1_TABLE is value of 2*(k/32)

: rounded to 113 fraction bits and the k=th entry of A2_T ABLE is_the value

34 ; of 2(k/32) - A1_TABLE(k) rounded to 113 bits. For k = A1_TABLE gives
5 : the value 2*(1/84) rounded to 113 bits and AZ TABLE give é‘(1764 -
9 ; A1_TABLE(=1) rounded to 113 bits

3

39 CTA  “XTA2ACA4LFF7CAOEE67B06A3E702C94001

¢y M-TABLE: i Ta  x0000000000000 00000004001

G0 g o %wg%m

4 .OCTA 'x AAB 1 889 Fé62 FOB554001

L6 LOCTA  *X3 BDA§8 0A6E 1M 04081

45 LOCTA ‘XBIAAS g 98 717284001

4? .O0CTA ¢ 2F08 89 0A 1?1 4 4881

4 LOCTA  *X5(B6B1C 6 E 874001

43 OCTA  “X&AA4LFSA C FD; DF 94001

4 .0CTA ‘ISS 3463 9;18 ; A 9 F4001

50 LOCTA  “X4 if& AA9C/37 A4001

51 LOCTA  *XD774 gl gBZ 426 81 DEA4001

52 .OCTA  *X01A0090 11892860644E04001
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- R3 = H_floating *+ H_floating 6-SEP-19 MTHRTL.SRCJOTSPOWHH.MAR; 1 (4)
Un

OTSSPOW

= 8 s defined Exponentiation
= < Undefined Exponentiation
<0 any Undefined Exponentiation
> > “(exp * Lon2(base))

> 8 = § %.0 . .

>0 < 2*(exp * log2(base))

Floating Overflow can occur.
Floating 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*[y*log2(x)] is the following:

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 conputog.

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

To determine the accuracy to which log?(x) must be computed to, write
KﬁlogZ(x) as 1 + h, where | is the integer closest to y'loQZ(xS. and
= y*log2(x) = 1 (Note that ihi =< 1/2.) Then

2*Ly*log2(x)] = 2*(1 + h) = (2*1)*(2*h),

nce the factor 2*1 can be incorporated into the final result by an integer

dition to the exponent field, we can assume that the nultiflication by

I 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
ts, we would Like h to have at lLeast p good bits. In fact it would be

ce if h had a few extra guard bits, say 4. C(onsequently, we would Llike

to be accurate to p + & bits.

Let e be the number of bits allocated to the exponent field of the data type
in question., If | requires more that e bits to represent, then overflow or
underflow will occur, Therefore if the product y*log2(x) has e + p + 4 good
bits, the final result will be accurate. This requires that lLog2(x) be
computed to at least p + e + &4 bits.

SNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNSNSNSNSNSNSN X

(=lelelelelelelelalalaletlelalalalalelolelelalalelalelelealelalealelelelelelelelalalelalelaleleig

Since Llog2(x) must be computed to more bits of precision than is available

RZ0”

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

o-ooororOrOFOrOFOrOOrOrOrOrOOOONOOFOFOrOrOrOAOAOAOrO~O~O~OO~OAO~O~OAO~OO~ONOAO~O~OAOOOOOOOOOOOO
WAL LA LA LN LN U AN L L W A U WA L L W LA U N LA N AN RO RO NI N A N N AL AL RO N N N RO A N NO N NI NN NN NN N NLNONINONOND
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(el lelelelelelelelelelelelelele e el ol ol ol =l = e s b0 0000 b g =l =l == el =l =l =

7 in_the base data type, either the next level of precision or multi-precision
; arithmetic must be used. We begin by writing

7 - -

7 2n+l

; log2(x) = Log2(b) + ,> c(2n+1)n2",

75

7

7

7
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log2(x) = Log2(b) + 2z' + > c(2n41)'zg

n=
= log2(b) + z' + p(2').

Note that if p(2') is computed to g bits, and log?(b) + 2' is computed -

to p+e+h bits and overhangs p(2') by e+4 bits, the required accuracy will
be achieved. C(onsequently, the essential tricks, are to pick b such that
the overhang can be achieved and to compute lLog2(b) + 2' top + e + 4 bits.

n+1

CALLING SEQUENCE:
power.wh.v = OTSSPOWHH_R3 (base.rh.v, exponent.rh.v)

IMPLICIT INPUTS:
none

OUTPUT PARAMETERS:
none

IMPLICIT OUTPUTS:
none

FUNCTIONAL VALUE:

The H_floating result is returned in re?isters RO-R3. This
is a violation of the VAX procedure calling standard but is
allowed for compiled code support routines.

SIDE EFFECTS:

Modifies registers RO-R3!
MTHSK_FLOOVEMAT - Floating overflow 3
MTHSK_FLOUNDMAT - Floating underflow if FU bit is set
$S$_ROPRAND - Reserved operand fault |
SIGNALS MTHS UNDEXP (B2 = * UNDEF INED EXPONENTIATION®) if
1) base is 0 and exponent is 0 or negative
2) base is negative
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313320U"" 6T§iAL.16 Ryt ey rOUtint 2 : -SEP-1932 ?%:28:2; Ax/v?E.SRCJOTSPOHHH.HAR:1

POWHH_R3 - H_floating *+ H_floating -SEP=19 MTHR

03F0 2; ;? ENTRY OTSSPOWHH_R3, ACMASK
67 e :
67 7§ ; Move x to RO/R3. If x < 0, or x = 0 and y =< 0, return "'UNDEFINED
g; ;g : EXPONENTIATION™ error condition, otherwise attempt to compute x*t+y
67 76 °
SE 34 (2 067 79 SUBL #52, SP : Allogate space on the stack
50 04 AC 70FfD 067 73 MOVH base(AP), RO : RO/R3 <== ‘
10 14 067A 7 BGTR DEF INED ;s If x > 0 attempt to compute xt*ty
07 19 067¢C 80 BLSS UNDEF INED ; Branch to error code for x < 0
14 AC TSFg 675 g1 TSTH exp (AP) ; Check sign of y (Mote that x = 0)
01 1 028‘ Bi BLEQ UNDEF INED ; Branch to error condition if y =< 0
6§4 84 ;
86 4 gS ; If processing continues here, this implies that x = 0 and y > 0. Return
0684 9 ; Xwry =
0e8¢ 388 °
06 0684 89 RET : Return
0ces 301
8685 9§ ; 1t processing continues here, this implies that an undefined exponentiation
0685 93 . was attempted. Signal error and return
0683 395 °
8685 99 UNDEF INED:
SO 7CFD 0685 9 CLRO RO :
50 8000 8F BO 0688 98 MOVW #*%X8000, RO ; RO/R3 <-- Reserved operand
TE  O00°'8F 9A 068D 99 MOVZIBL #MTHSK _UNDEXP, =(SP) : Put error code on stack
00000000°GF 01 FB 0691 400 CALLS  #1, G*MTHSSSIGNAL : Convert error number to to 32 bit
0698 401 ;s condition code and signal error.
0698 40§ : NOTE: Second argument is not re-
0698 40 : quired since there is no JSB entry.
06 0698 404 RET : Return
0699 408
0699 407 : It grocessina continues here will attempt to compute x*ry as Z“Ey'l032(x)].
0699 408 ; We begin by determining k and f such that x = 2*k+*f, where 1 =< f < 2,
e 1
0699 417 DEFINED:
54« S50 FFFFB000 8F (B 0699 41; BICLS #*“XFFFF8000, RO, R4 : R4 <-- biased exponent of x
54 00004001 2? CS 6A1 41 SUBL #*x4001, R4 : R4 <== k = exponent of x - 1
50 | TR 6A8 414 SUBL R4, R ; RO <== f = 2«(fraction field of x)
e s
86AB 619 : We are now read; to compute Log2(x). This computation is based on the
Og:g 2}8 ; following identity:
§6A8 420 ; B e A , f-a
6AB 421 ; log2(2*k+*f) = k + log2(a) + ===== > === 2%(2j41), where 2 = ===== .
6:8 2 i : In(2)/____ 2j+t f+a
AB 424 : We begin by determining a as b*i, where b = 2*(1/64) and i is 0, 2, 4, ...
6AB 425 ; or 1, pecificall{ i is chosen by table look-up in such a fashion as
06AB 426 ; to minimize the magnitude of 2. Since log2(a) = 1/64 we may write
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AB 427 ;
g:g 2 8 3 log2(x) = k + i/64 + 2+p(2%2).

AB 430 ; NOTE: fFor i =2, 4, ..., 64, we say write i = 2n, and hence i/64 = n/32, i.e.
6AB 431 : a is an integral power or 2%(1/32). These values are stored in A1_TABLE and
6AB & ; ; A;_TABLE. For i = 1, the value of 2*(1/64) is stored immediatel¥ BEFORE
6AB 435 ; A1_TABLE and AZ_IABLé. Consequently, to access the value of 2*(1/64) from
6AB 434 ; the table, a negative index is used.
6AB 435 ;
6AB & 9
6AB 437 EVAL_LOG2:

55 50 87 93 6AB & 8 ROTL #7, RO, RS : R5(0:6) <=- high 7 fraction bits of f
5¢ 54 6 7 6AF & ASHL #6, R4, R4 : R4 <== 2%6*k
55 FFFFFFB0O BF CA 06B3 440 BICL l‘XFFFfngg. RS : RS <== index to INDEX table
55 FFFFFO3F EF4S 98 06BA 441 CVIBL L~INDEXLCRS], RS : RS <== i or =1
gb 18 86(2 44; BGEQ 1% : Branch if i
& D6 06C4 44 INCL R& : R& <== 2%6(k + 1/64)
55 07 86(6 444 DECL RS : RS == =2
03 11 06C8 445 BRB 2% ; Join common code
56 55 CO O06CA 446 1$: ADDL RS, R4 ; RS == 2%6%(k + i/64)
06CD 447
06CD 448 ;
06CD 449 ; Since there is no back up data type to compute the necessary guard bits, we
06CD 450 ; proceed b; computing 2z = (f=a)/(f+a) in two parts: z = 21 + zZ, where 21 is
06CD 451 ; the high 53 bits of 2 and 22 is the low 113 bits of 2. Further, to obtain
06CD 45% ; the desired accuracy it is_necessary to work with a = al + a2, where al and
06CD 453 ; a2 are the high and low 113 bits respectively of a. We begin
06CD 454 ; computing (in G-format)
06CD 455 ;
06CD 456 ; 21 = (f = al)/(f + al)
06CD 457 ;
06CD 458 ; Note that f-al can be computed exactly in 113 bits, but f+al may require 114
06CD 459 ; bits. The 114th bit can be determined by the exclusive or of the low bits of
06CD 460 ; f and al.
06CD 461 ;
06CD bbg ;
55 55 FF BF _ 78 06CD 463 2%: ASHL #-1, R5, RS : RS <=== octaword offset into A1, A2_TABLE
56 mrmsg EF4LS 7DFD 06D2 464 movo_  L*A{_TABLELRS], Ré : R6/R9 <== ai
6 5 59 (D 06DB 465 XORL3 R9, R3, (SP) : SP ==> XOR of low bits of al and «x
06DF 466 : (This will be used to determine
860F 467 } the 114th bit of f+al,)
06 AE 50 56 63FD O06DF 468 SUBH% R6, RO, t2(SP) ; t2 <== f = al (exact)
14 AE. 50 56 91:0 6ES 469 ADDH R6, RO, t&(SP) ; th <== f + al (rounded)
gg 14 AE 76FD Q6E 470 CVTIHG  t4(SP), R : R6/R7 <== f + al
04 AE 76FD Q6F 47 CVTHg t2(SP), R : RB/RY <==- f - al
58 56 46FD O6F 47§ DIVG R6, R8 : R8/R9 <=-= 21 (G)
24 AE 58 S6FD 0Q6F9 47 CVIGH R8, t6(SP) : th <== 21 (H)
6FE 474
6FE 475 ;
6FE 479 : To compute 22 we note
6FE 477 ;
6FE 478 ; 2=21+22=(f = al = a2)/(f + al + a2)
6FE 479 ;
g;g 2 ? : ==» 22 = (f - al = a2)/(f + a1l + a2) - 21
6FE & i : Nog let v = f + al + a2 = vl + v2, where vl and v2 are the high 49 and low
6FE 483 ; 113 bits of v respectively. Then
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22 = [(f = a1l = 21%y1) = (22 + 21%2)1/v
We begin by computing vl and f - a1l = z21+y1

56 14 AE 7D Mova t4(SP), R6 ; R6/R7 <== high quadword of f + al
58 20 70 Mova #0, R8 : R6/R9 <== y1

50 14 AE 6 63FD SUBH R6, t4&(SP), RO : RO/R3 <== w = y1 (exact)
56 24 AE 64FD MULH t6(SP), R6 : R6/R9 <== 21*y1 (exact)
04 AE 56 62FD SUBH R6, t2(SP) ; ted <== f = a1l = z21*y1 (exact)

: Compute v2 and a2 + alwy2
6E FFFEFFFF BF ; BICL #*XFFFEFFFF, (SP) : Check if w was rounded
0 BEQL 3% Branch if not rounded

6
SO FD9D CF Correct for rounding error (exact)

RO
L*A2 TABLE[RSJ RO

Se®e e e " w

62 SUBH TWO _M112,
50 FFFFFBB4L EF4S 60 3s: ADDH RO/R3 <== y2
50 24 Ag 64 MULH t6(SP), RO/R3 <== 21%y2
50 FFFFFB76 EF4S 60 ADDH L*A2_ TABLE[RSJ RO RO/R3 <== a2 + z1%y2
E Compute 22
04 AE SO 6;?0 ' SUBH RO, t2(S : t2 <== (f=al=21%y1)=(a2=21%y2)
56 04 AE 14 AE 67FD DIVH tk(SP). t2(SP) R6 3 R6/R9 K== 22

The next step is to compute log2(x) accurate to at least 128 bits. This is
accomplished as follows, let

259'[0 2(x)
“6 /
ZA
2A

» % X
- s O e
e e b

64

) + (
64) +
64) +

> b

HHNF\

(
(
(
«

+ OO~

“
a
i
2

where 2' = (2*6*c0)*z and w1 and w2 are the high 49 and lou 113 bits of w
rcspectively Note that the choice of 'a' used in computin z ?uarantees
that 2' o;er angs 2'*q(z2'+*2') by at least 15 bits. Hence, w 1s computed
as wl + w2, 128 bits of accuracy can be obtained.

We begin by defining

(TR R R E R R R O E R T e e T A A TR PR P T P E TR T
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¢ = high 113 bits of (2“6*80)
¢l = high 49 bits o (2%6+c0)
c2 = low 113 bits of (2*6+c0)
then
2' = (21 + 22)%(c1 + ¢c2)
2 = 21%cl ¢ 21%¢c2 + 22%c.
4
50 24 AE  FDA4 CF 65FD 4 MULH3 €2, t6(SP), RO : RO/R3 <== ¢2+21
24 AE fogc CF 64FD 4 MULH €1, t6(SP) ; th <== c1%21
56 FD75 gf 64FD 5 MULH C, R6 : R6/R7 <=~ ¢*2?
14 AE 56 S50 61FD 075 ADDHS RO, R6, t4(SP) P th <== c*22 + c2+21
56 14 AE 24 AE 61FD 72 ADDHZ  t6(SP). t4(SP), Ré : R6/R9Y <== 2'

e e ———————— . o — !
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76 41 ;
;29 2§ ; We proceed by letting
;gg zg ; > wl = high 49 bits of 2%6%(k + i/32) + 21%¢1
768 86 : T w2' = CL2°6%(k + 1/32) ¢ 21vcl = w1) + 21%c2) + 22ec.
;gg 23 : z=> 2%6v(k + i/64) + 2' = w1 + w2'.
769 5§50 : ==> w = [2%6*(k + i/64) + 2'] + 2'+q(2'*2")
769 51 : = Wl ¢ w2' + 2'%q(2'%2")
i
0769 554 : where w2 = w2' + 2'*Q(2'+2")
769 233 °
54 S& LEFD 0769 SS? CVILG R4, R4 ; R4/RS <== 2*%6(k + i1/64)
52 24 AE 76FD 76D 558 CVTH t6(SP), R2 : R2/R3 <== 21#¢1
S0 S 54 41FD 877; 559 ADDGg R4, R2, RO : RO/R1 <== 2%6(k+i/32) + 21+c1
52 55 43FD 077 560 SUBG R4, RO, R2 ; R2/R3 <==- bits of 21*c1 included in wl
52 52 S6FD 077C 561 CVTGH R%. R ; R2/RS <== bits of 21*c1 included in wl
24 AE S 6§FD 0780 56; SUBH R2, t6(SP) : [2%6(k+i/32)=wl+212¢c2]
14 AE 24 AE 60FD 0785 56 ADDH t6(SP), t&(SP) ; th <=-- w2'
& AE 50 S6FD 0788 564 CVIGH RO, t2(SP) : t2 <== wl
i
0790 567 E Compute w?
e 18
SO S6 56 65D 0790 5?0 MULH3 R6, R6, RO : RO/R3 <== 2'#2'
FD64& CF 08 SO 7S5FfD 0795 571 POLYH RO, #LOGLEN=1, LOGTAB : RO/R3 <== q(2z2'*2')
50 56 64FD 079C 575 MULH R6, RO : RO/R3 <== 2'#Q(2'%2")
14 AE 50 60FD 07A0 57 ADDH RO, t&(SP) ; th <== W2
o 3
07AS g?b S We now calculate y*log2(x) = (!1+72)t(w1+w2) = ylewl ¢ y2vwl + y*w2, where
8;:; g;g : ¥y1 and y2 are the high 56 and iow 57 bits of y respectively.
07A5 5§79 °
SO 14 AC 70FD 0;:2 gg? MOVH exp(AP), RO : RO/R3 <== y
87AA 58§ E Test for the possibility of overflow in the computation of {tu1.
O7AA 583 ; This will occur if the exponent of y plus the exponent of wl is greater
TAA gik ; than 16383. |
oA 385
5¢ 50 FFFF8000 8F C TAA 87 BICLS #*XFFFFB000. RO, R4 ; biased exp of ¥
S¢ 4000 8F A 78 88 SUBW #+x4000, R4 ; unbiased exp of y
55 04 AE FFFF80 8F C 78 39 BICL O‘KFFFFQOOQ. t2(SP), RS ; biased exp of
55 4 88 F A% 7C 0 SUBW c'xaogo. R : unbiased exp of y
& A 7C 91 ADDWZ R4, R ; unbiased exp of wiry g :
55 gffr F B1 07¢8 9§ (MPW #*X3FFF, RS ; largest unbiased exp possible is 16383 1
03 18 072¢D 59 BGEQ  NO_SYS OVER FLOW
009 31 Q7CF 94 BRW Y_TIMES _W1_OVER
14 64FD ;gi 85 NO,SYS_OXSERSLOHé t4 (SP) : th <== yvy?
gi gg 70 7D 99 Mova Rg: R4 E R&/RS <== high 49 bits of y
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56 52 FFFF%;FF §8 g

0 & 62FD

50 04 AE 64FD

04 AE 54 64FD

56 14 AE 04 AE 61FD
54 FE61 CF 60FD
5¢ FESB CF O%FD

04 AE & 62FD
50 AE 60FD
50 14 AE 60FD
58 54 B00O 8F AB
56 D7
58 4013 8F BI
» 15
58 54 6AFD
FD61 CF_ OC_ 50 75FD
59 S8  FFFFFFEO 8F _ (B
59 FB853 CF49 TEFD
50 69 64FD
50 2520 C9 60FD
69 60FD
58 1F AA
58 58 FB gf 9C
50 8 Ag
08 1
04
50 73FD
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7DA 9 BICLS #*XFFFFO1FF, R2, R6 : R4/R6 <== high 56 bits of
7E§ 298 MOVL #0, R7 : R4/R7 <=- y19 .
7ES 600 SUBH2 R4, RO * RO/R3 <== y%
7€9 681 MULHZ t2(SP), RO : RO/R3 <== yoewl
7EE 6 § MULH2 R4, t2(SP) Pt <== yleyl
7F 68
7F 604 ;
;; 285 : The next step in computing 2*[y*log2(x)] is to write y*log2(x) as
0;: 282 : y*tlog2(x) = | + j/32 + g/32,
7F 609 ; where | is an integer, is an inte 5r begueen 0 and 31 inclusive, and
;F g}? ; g is a fraction in the interval [-172, 1/2)
O7F 61§
87F 61 ADDHY t2(SP), t4&(SP), R4 ; RG/R7 <== ylryl + y*y2
TFA 614 ADDH SHIFT, R4 :
0800 615 SUBH SHIFT, R4 : R&/R7 <== 2%6(1 + j/32)
0806 616 SUBH R4, t2(SP) ; t2 <== those bits of z1*yl not
080B 617 : included in 2*6(1 + j/32)
0808 618 ADDH t2iSP), RO s
0812 619 ADDH t4(SP), RO : RO/R3 <== 2*7(g/32)
0815 620 BICWS  #*x8000, R4, RS : R8 <-- exponent field of 2°6(1+j/32)
0818 621 DECL R4 : R4 <== 2*Seyelog2(x)
081D 6 i CMPW #*x4013, R8 :
0822 6 BLEQ  EXCEPTION_1 :
0824 624 CVTHL R4, R ; R8 <== 2*5«(] + j/32) ir integer
0828 625
88 8 626 ;
828 627 ; We can now compute
0828 628 ;
83%3 g 8 : xvey = 2%[yvlog2(x)]) = 2*[1 + j/32 + g/32)
83%3 g 1: = (2*1)«[A*(B+1)] = 2*]1+«[A + A+*B], where
0828 63§ : A =2*(j/32) is obtained by table look-up and B = 2*(g/32) = 1 is obtained
0828 6;‘ : by a Min/Max approximation.
4 g
0828 637 POLYH RO, #EXPLEN-1, EXPTAB ; RO/R3 <-- B = 2‘(2/32) -1
Og F 638 BICLY W#*“XFFFFFFFQ, R8, R9 ; R9 <-= index into A1_TABLE
8 7 639 MOVAD Al TABLSLR95. R : R9 <-- address of A
83 640 MULH (R9), RO : RO/R3 <-- A*B
88& 641 ADDH rAgLéu(no). RO : RO/RY <-- A*% + A2
4 64§ ADDH (R9), RO s Rg/R <== 2*[(j+g)/32] = (A*B+A2)+Al
W 64 BICW  #*X1f, R8 : R7 = 2%5+]
4F 64k ROTL  #-5, R8, RS :
56 645 ADDW R8, R : RO/R3 <== 2%1+2*[(j+g)/32]
0857 64 BLEQ EXCEPTION_2 : see what exception is if neg or = 0
859 64 RET : otherwise return result in
fh &t
g: 259 : Handlers for software detected over/underflow conditions follow
SA 6;5
A 653 EXCEPTION1: i
A 654 TSTH RO ; if big ARG > 0 goto overflow
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1f 1? BGEQ  OVER ; handler, otherwise go to E
09 1 BRB UNDER ; underflow handler ;
EXCEPTION 2: |
57 BS 1STW R7 ; test sign of I; if 1 <0 ?
19 18 BGEQ OVER ; go to overflow handler

y*w1 would have caused a hardware system floating overflow error. If y<0,
then we should return a result of 0 since result = 2*(y*(wl+w2)). Note,
y can not be zero.

< LR PR R

_TIMES_W1_OVER:
TSTH RO ; if y < 0 no overflow is needed
BGTR OVER ; overflow

-\
»~O
~
(V]
-
00O

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

UNDER:
50 7CFD CLRO RO : RO/R3 <== 0
0B 046 AD 06 E1 BBC #6, SFSW_SAVE_PSW(FP), 2%
; has user enabled floating underflow?
7E  00'8F 9A MOVIBL #MTHSK_FLOUNDMAT, =(SP) ; Put underflow code on stack ]
; convert to MTHS_FLOUNDMAT (32-bit VAX=11
; exception code)
00000000°'GF 01 B CALLS #1, G*"MTHSSSIGNAL ; signal condition
04 2$: RET ; return

Signal floating overflow, return reserved operand, -0.0

-o-ooooooooooooooororOFONONCONONONONOMOMOMOMOMOMOOOOOOOOO
000000000000 000000 NN NN NNNNNNOOOONONON OO OO WYV
OO0 NO W I AN = OO 00 NN N 8 M) = O O 00 NON N 55 N — O 0 0 ~IoN W

leleleleleoleleleleleoleoleleleoleleleleleleoleleleoleleleoleleleoleleleleolelelelelelelelelele e BN oy
00 00 20 00 o G0 GO GO GO 0 00 O 00 00 00 0o GO GO G0 G 0o G0 00 0o G0 O O GO GO 0D 00 00 GO 00 00 00 CO O D OO D000 &£ #
OOV 00 NN N NN NNNN NNV oo OO O OO OrOrOrONOOOrOrOMOMVYVY X
ONRO=2 33 > VNMMMMMMOOoOCCONNINO 3 3 3 3B 3 P B OWVVIVIVIVIVIVIVIN = =2 2D T O

TE O00'8F _ 9A 689 OVER: MOVIBL #MTHSK_FLOOVEMAT, =-(SP) ; Put overflow code on stack
50 7CFD 69 CLRO RO : RO = result = reserved operand
50 8000 8F BO 691 MOVW #°x8000, RO : =0.0. RO will be copied to
69 ; signal mechanism vector (CHFSL_MCH_RO/R1)
69 ; so can be fixed up by any error
694 ; handler
00000000°'GF 01 FB 695 CALLS #1, G*MTHSSSIGNAL : signal condition,
04 289 RET ; return = RO restored from CHFSL_MCH_RO/R1
698 .END




OTSSPOWHH
Symbol table

A1_TABLE

A2 “TABLE

ACMASK

BASE

C

C1

€2

DEF INED

EVAL_LOG2

EXCEPTION_1

EXCEPTION 2

EXP

EXPLEN

EXPTAB

INDEX

LOGLEN

LOGTAB

MTHSSS I GNAL

MTHSK_FLOOVEMAT

MTHSK_F LOUNDMAT

M SYUAVERPLow
L

OTSSPOGHH_RS

OVER

SFSW_SAVE_PSW

HIFY

TWO M112
UNDEF INED

UNDER
Y_TIMES_W1_OVER

Initialization
Command processing
Pass 1

Symbol table sort
Pass 2

Symbol table output

E
*« REAL*16 power routine

- REAL*16
90 R
;o
04
4D0 R P4
4EQ R
8 4F0 R
699 R
000 3AB R
0808 SA R 0
00861 R 0
808 14
0
00000 R 05
00000000 R 0
000002 9
00000500 R 02
22322222 X 00
2323222} I 00
' $3123222% X 00
(222222 % X 00
000007D2 R 02
00000670 RG 02
0000087E R 02
00000004
00000660 R 02
00000004
00000014
00000056
00000220
000004C0 R 02
00000685 R 02
0000086A R 02
00000865 R 02
Allocation
00000000 ( 0.)
00000000 ¢ 0.)
00000892 ( 2194.)
CPU Time
1?5 08: : .18
13 0:00: .;1
:00: .Og
136 :00: 1.8
:00:00.03

) NOPIC
NOPIC

PIC

0:

0

:00:00.

;3

9

;og:aé

4
2

USR
USR
USR

paiiti BRI

CON ABS LCL
CON ABS LCL
(ON REL LCL

AX/VM
MTHRT

S Mac
L.SRC]

r
OTSPOWHH.MAR; 1
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NOSHR NOEXE NORD NOWRT NOVEC BYTE

NOSHR
SHR

EXE
EXE

RD WRT NOVEC BYTE
RD NOWRT NOVEC QUAD

wef
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VAX=11 Macro Run Statistics

3

Psect synopsis output :00: .86 : 8:8 .8&
(ross-reference output :00:00.00 :00:00.00
Assembler run totals 63 :00:05.16 :00:17.64

The working sst Llimit was 1200 pages.
13981 bytos16 8 pages) of virtual memory were used to buffer

There were pages of symbol table space allocated to hold

758 source Lines were read in Pass 1, producing 17 object records in Pass 2

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

! Macro Library statistics !

D e ek 4

Macro Library name Macros defined
$2558DUA28: [SYSLIBISTARLET.MLB;?2 4
88 GETS were required to define & macros.

There were no errors, warnings or information messages.

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

62 n

12-5EP-19
-SEP-19

7

intermediate code.
on=local and 4 local symbols.

19:98:21 EATARTL. B¢

o V04-00
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