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A Functionally Expanded Computer Program

For Computing Machine-Dependent Constants

Introduction

In a previous paper [1], a computer program was discussed that can be used
(independently of any computer vendor claims) as a benchmark to reveal floating-
point arithmetic characteristics of a binary device computer having a power of 2
base, B(= 2 k, k a positive integer), and in transporting mathematical computer
software that depend on the machine's relative accuracy (computer unit roundoff
error) and/or arithmetic range from one computer to another. Furthermore, since
the relative accuracy depends on the minimum (effective) number of significant bits
in the mantissa (fraction) of a floating-point number and the roundoff property of
the computer arithmetic, the program also computed the effective number of bits in
the mantissa and whether the arithmetic rounds or chops. However, the computer
arithmetic's base B and the number of base B digits in the mantissa of a floating-
point number were not computed.

In this report, we present an updated program that computes the base B from
the unit roundoff error. The new program also computes the number of base B
digits in the mantissa of a floating-point number and the number of bits, namely k,
in a base B digit. The updated program calculates the page length of \irtual memory
computer systems that organize data in virtual memory as the VAX 11/780 does. In
order to enhance the program's transportability between computer systems, ad-
justments have been made to the program code and the algorithm for computing the
largest floating-point base B computer number.

Theory and Algorithms

Preliminaries

If s is a non-zero, base B, floating-point, t-digit computer number, wc assume
its representation is

s = +Bef, -p<e<P

f = .b1 b, . . . b , biE{0, 1,2 . ., B-l}, b, *0, (1)

where B is a positive integer power of 2, namely 2k, e is in a certain integer range
with both p and P positive integers greater than t, and the value of f is given by

f= " bi/Bi . (2)

In other words, s is a real number that can be expressed as a normalized (b*O) tase
B number using at most t digits. In particular, if

b; I ifi=l.
0 other,%ise, (3)
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then f assumes its smallest value:

f = B-1. (4)

If bi = B-I for i = 1,2. t, then f assumes its largest value:

f = 1 -B-1. (5)

We assume that the internal computer representation of each base B digit bi is
given by k two state devices dj, where each device takes on the value 0 or 1; that is,

bi= (d~i'd f,' d i

k

= I d0i'2-, di'E{0, 1}. (6)
j=1 J

In particular, if f= 2 -r for r = 1,2 ..... k, then

r-I k-r

b, = 2k-r= (0...0 1 0...0),

k

bi = 0 = (0 . . .0)2,  i = 2,...t (7)

Therefore, the number of bits in the fraction (mantissa) f is kt. Thus, for a floating-
point word of fixed length, say N bits with kt bits in the mantissa, N-kt-l bits are
reserved for the exponent e (stored as the excess quantity e+ a, a>0) and the
remaining bit is reserved for the sign of f. Furthermore, since b, : 0, there can be as
few as kt-k + I significant (effective) bits in the fraction f.

By (1) and (4) the smallest positive real number in the computer number set is

m = B-P B-1, (8)

whereas the largest positive real number is

M = BP (I -B - t )  (9)

by (1) and (5). In a computation, the magnitude of results smaller than m produce
underflow (usually returning a base B, t-digit representation for zero); the
manitude of results larger than M produce overflow.

The computer unit roundoff error u, which measures how closely a real number
y can be approximated by a computer number s, is related to the error in s by the
inequality

4 >s4u , (10)

2
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where

= BI  (chops)
u 0.5B'' (rounds). 011)

The computer arithmetic chops if all of the mantissa's low order digits bi beyond the
t-th are simply discarded in the normalized base B, infinite digit representation of y;
rounds if b, is incremented by I whenever b+ ,>2k-', before discarding the low
order digits.

Computation of the Base

In the earlier program, we computed the unit roundoff error when B ( 2k) and
t are unknown. (The theory and algorithm for this is in Appendix A.) The following
Theorem and Corollaries lead to an algorithm for computing the base B from the
unit roundoff error.

Theorem. In the interval [Be- i , Be], where -pK<e<P, the floating-point numbers are

uniformly spaced with spacing Be- t.

Proof. Let Bef be a floating-point number that is in the interval [Be-', Be], such that

f = . bi . . . b t, B-14f<l. (12)

To obtain the next floating-point number in the interval, we add the base B digit one
to the last digit b t of f; that is, the next floating-point, base B, t-digit number in
[Be-I, Be] is

Be(f + .1b,'. • . bt'), (13)

where

k

(0... 0)2  ifi = 1,2 ..... t-l,
bi' k-I

(0.. .01) 2  ifi =t,

and

bl'.., bt'= " b /(2k)i = (2k) - I = B-1. (14)

This completes the proof.

Corollary 1. The floating-point, base B, t-digit numbers in the interval (B -I, BI] are
uniformly spaced with spacing BO = I.

Proof. Immediate.

3
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But the value of every floating-point, base B, t-digit number in [Bt -1 , BI) is an
integer. Therefore, every integer in [B'-', BI] can be represented exactly as a
floating-point, base B, t-digit number, since BI-' can be. In particular, the integers
2LBI-' for L=O, 1, 2, .... k, have exact floating-point, base B, t-digit
representations.

Corollary 2. The floating-point, base B, t-digit numbers in the interval [BI, B " 'I are
uniformly spaced with spacing B.

Proof. Since B' = B"t , H-', set e = t + I in the Theorem. This completes the proof.

Thus, although B' can be represented exactly as a floating-point, base B, t-digit
number B' + 1 cannot be. Then how is B' + I approximated in the computer number
set?

Consider that

B' + I = BI+IB-1 + BB-1

=B + I B-1 + Bt + I (B-1 B-1)

= BI+ (B-1 + B--)

= Bt+ I(. b) ... btb,+j), (15)

where

{ I fori=1,t+I
0 for i=2, . . ,t.

Therefore, if the computer arithmetic rounds, the base B, t-digit, floating-point
approximation to B' + I is given by

B I1 = BI + I. b, . . .b,_1 bt  (16)

with

I if B=2,
b* 0 if B = 2k for k>2.

On the other hand, if the computer arithmetic chops, then for B = 2k (k = 1, 2, .
the base B, t-digit, floating-point approximation to the sum B' + 1 is given by (16)
with b,*= 0.

Hence, the computer arithmetic will approximate the real sum B' + I by the
computer number B', when the computer arithmetic rounds if B = 2k for k>2; if
B = 2, then the sum is approximated by B' + B. On the other hand, if the computer
arithmetic chops, it approximates the sum B' + I by BI for all values of B that are
positive integer powers of two.

4

.. .... ...... -.
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Therefore, given the unit roundoff error u in (11), since its reciprocal u-1 is an

integer in the interval [Bt-1, BI, and

2L U-1 = Bt

when

, k (chops)L k (rounds), (17)

we have the following algorithm.

Algorithm B

Given the unit roundoff u, the effective precision, say NBIT, and whether the
computer arithmetic rounds or chops, the algorithm for computing B, the binary
length of a base B digit (namely k) and the number of base B digits in the mantissa
(namely t) is:

BI. Set k to zero (written symbolically as k-0).

S-1

B2. Do while (s, + 1 s,).

S2,-2S2)

k-k + I

End Do while

B3. B--s,/s

B4. If (machine rounds and B>2)

B--2B

k--k + I

End if

B5. t,-(NBIT + k - 1)/k

Largest Computer Number

In the earlier program [I I in order to compute the largest computer number

M = BP(I - B-), (18)

I , -+. ....... .. .. ...iI n l
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we begin by taking the reciprocal of the smallest positive computer number

m = B-P- 1. (19)

If the reciprocal does not cause overflow, the program outputs an adjusted value of
the reciprocal as an approximation to M. Otherwise, we find the reciprocal of the
product of m by the smallest power of two that does not cause overflow. This gives

NI = BP(0.5). (20)

Then we output an adjusted value of this result as an approximation to M.

The problem with this algorithm is that it requires invoking a routine (not
available on all systems) to test whether an overflow occurs. We have corrected this
in the following way.

Assume that the relation between the smallest and largest exponents of B is
given by

p = P + I. (21)

This is so on the UNIVAC 1108. On some machines the relation is p = P; e.g., VAX
11/780. Then with p = P + I

m = B-P - = B- P- 2  (22)

and

m-= BP +2  BP 3 B- 1, (23)

so that

(B3 m)-(1 -BI-,)B = BP(1-B I-') (24)

approximates M without computer arithmetic overflow, provided the order of
operation is performed from left to right as indicated in (24). For if one were to
compute (B-3m)-1B when p = P + 1, the result BP would cause computer overflow.

Similarly, if p = P, then

(B3m)-1(l-B1-1)B = BP-1(I-B31 - 1)  (25)

so that the approximation is off by B.

Algorithm NI

Thus, given m, B and t, the algorithm for approximating M without computer
overflow is

6
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M 1. Comp,.,; 1-3m and store it in M.

M2. Compute the reciprocal of M and store the result in M.

M3. Compute and store the product IM(lBI--) in M.

M4. Compute and store the product NIB in M. Output M.

Page Length Computation

The idea behind tile algorithm for determining page length is based on the fa,.'
that local data and program code are stored b\ the VAX 11 7S0 on separate pages
on secondary computer memory, with program code follo\%ing local data.*
Therefore, if the number of computer words, e.g.. 1, required by local data occupies
less than a page of secondary memory, then the first non-zero location followving the
ilth local data \%ord is a program instruction.

Algorithm PL

Thus, dimensioning an integer array, e.g., IPGLN, as having length I, and
assumin2 the number of local data items is 1, the algorithm for the page length is

PLI. NMBDT -I+I

PL2. J - NMBDT

PL3. Do while(IPGLN (J) = 0)

J -J + 1

End Do while

PL4. J -J-1

The final value of J is the page length.

Program Description

The updated single precision program that incorporates Algorithms B, \I and
PL is given in Appendix B. Algorithm u in Appendix A for computing the unit
roundoff error, which is encoded in the earlier program [l] is implemented in the
new program without any logical changes.

Algorithm PL for computing page length is implemented in the program for
systems like the VAX 11'780 with page leng:h as great as 2048 words, %\here the
local data occupies no more than 17 single precision words for the single precision

*Local data refers to data onlv ithin the program mdule that defines :hem: C.C.. aata items in
DATA type statements and intermeJiatc -:sults calculated anJ tored D the iirocr-tn modue.

7
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%ersion of tile program, and no more than 29 single precision sords for the double
precision %ersion of thle program.

Unlike the earlier program in [11, the ness program is %,sritten in ANSI 66
FORTRAN [2] (s'ithl the exception of the PRINT statement that is~ AINS 77 [3]? to
promote compilabilit on computers that have different FORTRAN compilers.
Furthermore, the program is designed so that it can be converted easily to double
precision - simply remove the comment flag C from column I of comment lines 5.
6, 7, 86 and 87 in the program, and convert lines 8, 84 and 85 to comment lines.

Sinc the program require,, no0 input data, it is, coilenient to u-se in determinine,
thle ausof th1C mlachine-dependent parameters discussed in this report.

Thle program in Appendix B has compiled and executed successfully Onl thle
UNIVAC 1108, VAX 11 '780, SEL 32,55 and ITEL AS/5.* The output for the
double precision version of the program on thle UNIVAC 1108 and VAX 11 71,t0
appear in table,, I and 2 below%, where NBIT is thle effective bit precision of a
floating-poi n Computer number; BASE is thie computer arithmetic's base B:-
NBDGT is the number of base B digits in the fraction of a floating- point computer
number; LNGH is thle number of bits in a base B digit; and RNCHOP is the
arithmetic's rounding property - 0 if the arithmetic chops results. I if it rounds,.
The number of bits in thle mantissa of a floating-point computer tnumber is, the
product of NBDGT by LNGH.

Tablet1. UN1IVAC 1108 Double Precision

UNIT ROUNDOFF ERROR - 17347234S-17 NBiTr 60 RNICHOF 0.

EFASE 2. NP.0G r 6 0 LNGH 1

SM,LLESr F. P. I4UMEPFF .2-9134232--13---083
APFPROXIM)TE LARGEST F. P'. NUIM~rER .89SS463-"7431 K308
PAGE LENGTH 21?

Table 2. VAX 11/780 Double Precision

UNIT RTUNJDOFF ERI 2Q 0 .13P77797PL-1 6  KET= :6RC4;

BASE = 2. N@L)(T 55 LNGW 1-

SVALLEST F. P. NU4-- 0 .29397356770oD-36
APPcXT..ATr LAPGFST F. P~. 1JUm'4F4 0.850IC591702. ,39
PACE LFNGTW M 2

2T iie' !o ~ , %-ta onnh IrTa V)s (1,. IS joe, i

:,IIIl% '[8.1a i



TR 6421

An Application in Program Transportability

Consider transporting a computer program from one computer to another,
,,hose execution depends on the values of machine-dependent floating-point
arithmetic parameters in the program. In general, if the parameters are not reset to
the new% machine's values, the transported program will not execute properly. The
program in Appendix B, or its double precision version, may be used to determine
the new parameter values.

For example, consider the segment of a double preciion program 141 in Ap-
pendix C for calculating Bessel functions J,(x) and l,(x) of real argument and
integer order, which is available on NUSC's UNIVAC 1108. The program contain,,
seeral machine-dependent parameters that are explained in the program's com]-
mentary and are set to the double precision values of the UNIVAC 1108 in the
DATA statement at line 75 of the program. Trying to execute this program on the
VAX \ill fail as a result of computer arithmetic overflow if the DATA statement
values of the parameters have not been modified to reflect the VAX's double
precision arithmetic. These parameter values can be changed to reflect the VAX's
values with the aid of the program in Appendix B. First, run the double precision
version of the program in Appendix B on the VAX. Then from its output (in table 2)
and the explanation of machine-dependent constants in the Bessel function
subroutine in Appendix C, one obtains the followring DATA statement for the
VAX:

DATA NSIG,NTEN,LARGEX,EXPARG 17,37,10000,87. D0-'

\%here EXPARG is the natural logarithm of the approximation to the largest
floating-point number in table 2, rounded to the nearest integer.

Conclusion

The program for computing machine-dependent constants can be used as a
benchmark for revealing features of floating-point number systems on binary
device computers, where the base of the number system is a positive integer pow'er
of twvo, the mantissa is a normalized fraction and the computer.arithmetic ha, at
least one guard digit. Furthermore, the program can be used as an aid in tran,,-
porting mathematical software containing machine-dependent parameters from one
computer to another. In fact, it is possible to facilitate the transportation of such
software between many different computers by incorporating in the soft\\are
program instructions that automatically compute the appropriate machine values
for the parameters.
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Appendix A

Theory and Algorithm for Unit Roundoff:
Base B and t Unknow n

By Theorem 1, the spacing of floating-point, base B, t-digit computer numbers
in [B. BI is B I- ,. Therefore, BI4 -' B'' is in the computer number set; furthermore,
the real numbers

Bt' + xB --', v = 1,2. B-(B-

are in [B", B] and the base B, computer number set; and. therefore, so are the
numbers

BI - 2'B'-I, w = 0,1,2.

where

2%B l - t = 2-L, L = k(t-l)-w,

are negative powers of two that are in the computer number set, by (7).

However,

v = B' + 2- 18-1 = BB-I - BI-2k-I/B)

= B(B-I + 2k-I',BI-)

= B(.b 1 .. b. btb:_1 ).

with

k-i

(0. . .0 1): = 1 ifi = 1,

k

b= (0...0), =0 if i = 2, .. t.

k-I

(1 0. .. 0), = 2" ifi = t + 1,

is a real number that ij not In the :ComILter :umber ct alithough 2-:B' -, I". The reat
number', iy approximated by a computer number ,. name!.

{ B(.b .. b.) (,hor,)
(rounds)
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b (o 0.11 )

pro~ ided the computer has a guard digit in its arithmetik: hard%%are registers for
b, Hence

I (chopped arithmetic)
={I -, B~ (rounded arithmetic)

Thus, the algorithm for computing the computer arithmetic', relatike accurac%
u, effectise precision, and rounditr propert% is

Algorithm u

II. ( onipute I r(( f~I or
L. = 1,2 . ... until Cilihet list = I ot r 1"~

U2. It 111 *Eef* I hn =fE and the mach~lie 1 0.11d,, oi hei kt~c it 2t and the
machitie chops.

u3. The mnium number of significaint hits InI the rujul'l 1i 111 heN i.\t lie oI I
computed in u 1 . iiatelN W -1 1.

12
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Appendix B

Computer Program for Calulating %kichine-IDependeni Contants.

I ! i
00.9,, 0

L I ft.q . F J, .ItI' 1, m. 11 fI f IN

L E

f, T T

:,k I ~F F.M I N UN I I; OUN 1 C f It EF E C , E NO. OF PI I t3 F ~Ij't, t,, IIIi *~q

III) t UNT .1L iUN IT A. I- .P#E .f UN I IA ~N IINF.I)NF
ENF-h)Lf F 1IN I

UN I IN! I f NI,
N ElI T NEIL I 9

I9 ItIF F IjN I, .T.OA I.NZ.i.FIt I14 T

.20 c CONT INUE
21IF , IFF. EO. ONE.LJ0 TO

23 c THEN MCH-INE fliOFmS

24 e. UN I T i0,NI
2 S PNC HCF FR

2' c ELSF MACH!NE l'!JUNI-j
29 8 FN'ACF = ONE
29 9 CONTINUE
30 PRINT 50. UNIT., NPI T, RNEHOF
31 C
3Z C **IrIETFkMINE E#AS& * NO. OF PA'-E IEIGI TS IN MANTIIECA, DIGIT [Nr,1*0*

33 c
34 LNGH 0

XfSAVIE O NE LN!T

36 SAVE2 SAVE
3- ro DO HILE( (SAVE2 + ONE ).NIF.S)VE-I

3 Fj 1 1 F ( SAVE 2 + ONE . CO .SAVE 2)GO TO 0
!Q SAVE2 TW0SSAE-2

40 LNGH- 7 LNGH + 1
41 UO TD 13

42 C CON'!NUE
43 12 !IASE- SAVEZ. S.^,E
44 ZF((RNC04)F.EC.ONE).AN1r.(SE.GT.Twf',),60 TC 1!
4 -: GO TO !4

45 C THEN
13 '9 FSE - WO S

493 LNGH = LriC- +
4 -:ON' !NLC

4 1tC SrM, + LNGH - I LNGH
* FFINT 52. b;ASE. NE~t'C,T, LNIjI=

#*!.'CMFUTE SMALLET-: F. C. NO.##*

1 IN !T -NE - ERO -ANDI UN ITA .NE .U-4 3-O : 0
U)TO 2

THF N M-LLEST 7. F . NO. NOT kE4.CHE:l
SNUNUA' LN:7

- uNIT rH(.LF*lJ~lIT

* 2 21F FF1NT 'MALLEST F. F. .4C. -A*
- 2 FC.INT 'I: UNITA

- LZNTINL

CS **9'AFC1.)I;MlArE LAkGEST F. F . NO. #*#
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66 C
67 30 UNIT = (JN[FA*PASE**3
68 UNIT z tNE/UNIT
69 UNIT UNIT*(ONE - BASE**(1 - NBDGT))
70 UNIT tUNIT*PASE
71 C CONTINUE
72 PRINT 60, UNIT
73 C
/4 C ***1ETERMINE PAGE LENGTH***

75 C
76 11O 35 J - NMBI T, 2050
77 IF(IF'GLN(J).NE.0)GO TO 40
78 35 CONTINUE
79 40 J - J - I
80 IF(J.LT.2049)F'RINT 70, J

81 50 FORMAU(lH 22HUNIT ROUNDOFF ERROR ,E17.9.,X,7HN(IT -. 13,
82 X X,9HRNCHOP = F2.0 //)
83 S5 2 FOUMAT(IH ,7HI'ASE = ,F4.0,10H NPDGT = ,14,9H [NGH ,14,'
84 55 FORMAT(IH ,24HSMALLEST F. P. NUMBER = ,E17.9)
85 60 FOPMAT(IH 35HAi'FROXIMATE LARGEST F. F. NLMEFR = ,E17.Yj
36 C 55 FORMAT(IH 24HSMALLEST F. P. N(JMVF-R ,[20.1:1)

87 C 60 FORMAT:1H 3SHAPF'PROXIMAIF LARGEST F. F. NUMER = .1120.12)
88 '0 FORMAT(IH ,14HPAGE LENGTH ,14)

90 ENDt

14
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Appendix C

Double Precision Program for Calculaling Bessel Function J.,,l) and l (x)

N 'tt~ II,,f,'li'( I ' H- I ~
C.L'i:ULJ UIINL lit 'A kl X NP, 1/E, P, NCAIC)

2 t. IHIS fOU!l INt ( :IA illl AILS Be E;SI FUNf I IONE, I AND' . iJ FI AI
3 I )tm,(A IMF P)I Aitl I N u R l fIII K

C I 01 ,rih I N 0! I'ARIAI"L I S IN rie (,lA I INI S;F11111 Nilt

a X 'IJlL F IF T[UISION REAL ARI3IMINT F';F' WHI' l H I i ,R ItO s
L: c % ,'* 10 hE CAL [Ut ATEi. IF I* S A Rt TO IE [ cAtCi I.i AIr'ii

tO L R "- t 'k IIiST tIi LESS THAN ExF AF.G (WHI [I H 21t IF'E OW .

ih C N I tl'I IIf, Tilt. I + HL Hf!,lE: I Ikf ltk I E L AILIiifIEI'.
I ' Mill-I 14 1 f, II V

13 . 1.' INIE,ER IIt[. Zf RO IF .*S ARE TiO IE CAL I[t At7'., I
1 I IF 1*S ARE 1O BE CALCULAIFD.

15 C i' I[IIJE E VRF [C'3P [TN VECTOR OF LENGTH N14, NE1' NOT BE
16 C I NITA L I7F BY USER. IF THE ROUTINE TERMINAlE.

17 C. NORMALLY (NCoLC NE0, IT RETURNS I(OR I)--SUE'- f,
1 c3 C THFOUGH JI'OR I,-SUB-NB-MINUS-ONE OF X IN THIS5
19 C JF C TtR:
20 C UCAI , INIEGER TYPE , NEFD NUT lE INITIAL IZEt BY USER.
CI BEFORE USING THE RESULTS, THE USER SHOULD CHECI" THAT
22 C NCAL C-N'

, 
I.F. ALL ORDERS NAVE BEEN CALCULATED TO

23 C THE ['ESIRFD ACCURACY. SEE ERROR REIURNS BELOW.
24 r
2 S I'
-:6 C EXF'L ANATI ON OF MACH INE DEPENDENT CONSTANTS
27 C
28 C NSIG T'ECIMAl SIGNIFICANCE DESIRED. SHOULD BE SET TO
20 C IFIX(ALOGIO(2)*NBIT + 1), WHERE NBI IS THE NUMBER OF
30 C BITS IN THE MANTISSA OF A DOUBLE PRECISION VARIABLF.
31 C SETTING NSIG LOWER WILL RESILT IN DECREASED ACCURAYf

32 C WHILE SETTING NSITG HIGHER WIil_ INCREASE CPU TIME
33 C WITHOUT It'.CREA:iINOi ACCURACY. THE TRUNCATION ERROR
34 C IS LIMITED TO Tr.5*IO**-NSIG FOR J*f (IF ORDER LFS'7;

3 5 C THAN ARGIJMENT, AND TO A RELATIVE ERROR OF T FOR I*.-
36 C AND THE OTHER ,*S
37 C NTE,'t LARGEST INTEGER K SUCH tHAT L0ttE IS MACHINE-

38 C. FREENTAiLE IN 'OIJBLF FRECIS~iJN.
39 2 LARO(;EX OF'FEF LIMIT ON THE MAGNITUDE OF X. BEAR IN MINI'
4 0 C THAT IF APS(X)-N, THEN AT IEAST N ITERATIONS OF THF

41 C BACKWARD RECURSION WILL i EXECUTED.
42 C ExF AFG I ARf.GE3T ,OUBLE F(:LIISL ON ARGIJMENT THAT THE I IPRAR

4-1 C PE 0
' 
f OUT INE CAN HANDLE.

44 C
45 C
46 f-, E Ff) RE T';,AN'

47

49 C
•1 LET G D-E.NIITE FITt mr' I OR J.
I1. F IN CASt" )F AN FRkn,.. Ni %[ C .NE .).[ AND NUT ,A(.I Ct'

F, I L LCUL ATET T'i THEI I F . IRk[ I A CII RtY.
z, . ! 1 tIF OCA! .I I.O, A' AR(,IIME,'IT I, 0iJ (IF RANGF . N .. IF

5O3 !iF." I/I [ I HE -THER ' o i I OR I TF -1 AN h' A ' . , F .t YF AFA.
'.1 1 U' THi -ARE. THE H '.'EIiTR I' NITl I)! A' . AND NLAL'

I ' I EI Ti MINONBO)-I SO NE %I C, .IE.N['.

',6 1 PIP.r,. ,C i ,u:.;.,) WIl (i (l' IF N(.!, ,' MA ' Al! .'.BStF-
1:, (- M -N (I-[F -Y X'-SoB -MoGX OF-X ). 10 * ,IOtt N FIN', ,, I.F. NP

6 I1 M'ICH GFEATFF THAN MAGX. IN THIS CAL., B(N) IS I.ALCEU-

; ' L II' LTO THE DESIFED AC FURAf f F ), N.1 F.N ALC , BUT FOR
,) . 1 . T. N .N.I F .N P, F'RECISION i: ''I. IF N.6T .NEA C A)NI
.L , ",B,)SI, NCAL CI/4(N I .FO. 1i Q * m THEN )NLr THE EFkST NSIG-F

C ,ISWEICL',40T FICIJRES OF BIN' MAY BE TR!ITIF!. IF TH, UlER
. C WI Ct' T Ct"l LIILAT BFP,' ) Ti 0 H10 ' HFR ACIII, Y, NE SHOiIL I Ir.:I

-.4 2 ,N AC. YiME T '1 , OF:MULA FOR HI EH OFI'F.

.. h't '5
., *$. P . ",1, , .(I,.
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D!IMPFLE lf~tl I~ilt

Pi OlFSY FVL lR) TENHT H, H~ F, OOJRT, .ONE. IWO .TEN
3 , .fltor , rijN

( ~ P' I I,KN("HOf', ,M(A[ t 'f.,rf ~
MT.,~ ZERO, IfI N INOJH ,M) T IALF POlNE, IWI),11 [H/u * 0 , .1110, .25D,i t.10
.1 .I * ') , I1.117I,

:1) NSlb YN TEN,L(+fGEA, XFG19-40 Y, I'0C~J2

I IIs A . T -.
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