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aflax  = ey - c4x/~2x2tsz~l = 0

aflag = xep - C2y/(2x2~yo’J  = 0
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P
d~ilhlfl?luila~

f’ix,  =  df\x,

i t  exists!

AfiXl/h  : Lf

( i f

‘laaii

4



Calculate and print h and afixl/h

h <-.- h/r { replace h by ‘current h)/r  1

C$W4#DERl'V:  A FORTRAN PROGRAM FOR ESTIMATING F'(Xl

c

c

1

2

3

1 I!

APPROXIMATE F'(X) RY Da(H), H=HO,HO/R,...,

HO/Rf*(NREPS-1,

F(XI=SIN(X, <-- Statement function

WRITE(R,l!

FORMAT(IX,'ENTER  X,HO,SHRINKING  RATIO.8 REPETITIONS')

READ(5,$'X,H,R,NREPS

URITE(6,2!

FORHAT!lX,' H',llX,'DQ(HJ',

DO 10 N =l,NREPS

DQ=1FfXtHI-F(X,k/N

CRITEIG,:<!H,DQ

FORMATfE13.5,2X,Fll.6!

H=H/R

CONTINUE

STOP

END

R = shrinking ratio 4

OR 205 5



Lta=  NREPS = 6

run DERIV ~?ad'1i-1&1&aa~~~

ENTER X,HO,SHRINKING  RATIO,#  REFETTTIONS

0,1,4,8

H

0.10000Et01

0.25000EtOO

l/16 = 0.62500E-01

l/64 = O.l5625E-01

l/256 = 0.39063E-02

0.97656E-03

0.24414E-03

O.d1035E-04

h = l/16 = 0.0625

col"mn~~ll~~,~%l=n~?ud7  F'IX,=l

DQiHi E(H)=F'(X)-DQiHl

0.841471 0.156529

0.989616 0.010384

0.999349 0.000651 z E!1/16)

0.999959 0.000041 = E(1/64)

0.999997 0.000003

1.000000 0.000000

1.000000 0.000000

1 .oooooo 0.000000

-->DQ(h)  = 0.999:; i ba~ndiiarr  4 a'~uwti~  I
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DO 10 N = 1,NREPS

:

lr. CONTINUE

i-2 an~a~dIu?auull?%a  (Digital Devices) ri&W;a%i  7

Digital devices often give errorneous answers.

8. OR 205



If x = 0 +~ 0. II) then A = B= 0.499583; ifx= B + 0.1, then A = B = 0.189857
Ifx=O~t-o.oI, then A = B= 0.499996; ifx= x  + 0.01, then A= B= 0.201353

Ifx=O-to.001, thenA=B=0.5tXXKKI;ifx=x  t O . O O 1 ,  thenA=E=0.202513

If x = 0 + O.ooOl, then A= II = 0.500000; if x = T + O.M)ol, then A= B= 0.202629
Ifx=O+O.~XXX)I,thenA=U=0.500000;ifx=~+0.00001,thenA=B=0.20264l

00100 c * * * * * * * * ERROR *
00200 C THIS PROGRAM DEMONSTRATES
00300 c
00400
00500
00600 1
00700
00800 NC

DATA IU, IR 15, 51
WRIlE(IW,l)
FORMATC'OENTER  THE LIMITING VALUE OF X')
READ(IR,*)  XLIMIT

00900
01000
01100
01200 t
01300
01400
01500 1:
01600
01700 2

***********
DIGITAL DEVICE ERRORS

H = 0.1
DO 10 K=l, 5

X = XLIMIT + H

A = (1 - COS(X))/X**2
B = (SIN(X)/X)**2/(1  + COSCX))

WRITE (IW,2) X, A, B
FORMAT('  IF X=',F9.6,' THEN A=',E13.6,

01800 &
01900 H = HI10
02000 10 CONTINUE
02100 STOP
02200 END

ENTER THE LIMITING VALUE OF X
0

' AND R=',E13.6)

IF X= 0.100000 THEN A= 0.499584EtOO AND a= 0.499583EtoO
IF X= 0.010000 THEN A= 0.500008E+OO AND E= 0.499996E:OO
IF X= 0.001000 THEN A= 0.5066?%+00 AND tl= 0.500000Et00
IF X= 0.000100 THEN A= 0.7450S8EtOO AND B- 0.500000E+OO
IF X= 0.000010 THEN A= 0.000000E+00 AND B= 0.50000CE+OO

ENTER THE LIMITING VALUE OF X
3.14159265

IF X= 3.241593 THEN A= 0.189857EtOO AND E= 0.189857EtOO
IF X= 3.151593 THEN A= 0.201353E+OO AND B= 0.201346EtOO
IF X= 3.142593 THEN A= 0.202513EtOO AND E= 0.1998dEtOO
IF X= 3.141693 THEN A= 0.202629EtOO ANb El= 0.135837EtOO
XFRSAPR  FLoating  divide check PC= 235

IF X= 3.141603 THEN A= 0.202641EtOO AND B= 0.170141Et39__--

%ti  1 . 2 - l  ~~attn%unl~lda~tln%u~~a~l~l  A  LIB: B  ‘ini  0  ua:: II
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00100 c************ Q�AD * * * * * l l l * * * * * l

00200 C THIS PROGRAM DEMONSTRATES ERRORS THAT CAN OCCUR WHEN USING
00300 C THE QUADRATIC FORMULA TO FIND THE REAL ROOTS OF A*X**Z+B*X+C
00400 c
00500
00600
00700 1
00800
00900 c
01000
01100
01200
01300
01400
01500 2
01600
01700 c
01800 c
01900 20
02000
02100
02200
02300

DATA IW, IR /5, 5/
WAITECIW,l)
FORMATC'OFOR  REAL ROOTS OF AX**2+BXtC,  INPUT A, ET, C')
READCIR,*)  A, 8, C

El = -O.!S*E/A
Cl = CIA
DISC = Bl*El  - Cl
IF (DISC .GE. a.) GOT0 20

WRITECIW,2)
FORMATC'  ROOTS ARE COMPLEX')
STOP

REAL ROOTS: FIND THEM AS R(t),  Cl/R(+)  AND AS RC-), Cl/R(-)
Dl = SQRTCDISC)
RPLUS = Bl + Dl
RMINU = Bl - Dl
RZPLUS  = Cl/RPLUS
R2MINU  = CllRMINU

02400 C
02500
02600 3
02700
02800
02900

WRITECIW,3)  RPLUS, RMINU, RZPLUS,  RZMINU
FORMATC'  ROOTS: R(t) = ' ,E13.6,5X,' RL-) q ',E13.6,

& I' Cl/R(+)  = ' ,E13.6,5X,'Cl/RC-)  = ',E13.6)
STOP
END

rC-), cl/r(tl,

1 0 OR 205



FOR REAL ROOTS OF AX**2+BX+C,  INPUT A, B, C
2, 9, -5

ROOTS: R(t) = 0.500000E+00 R(F) q -0.500000E+01
C'I/R(+)  = -0.500000E+01 Cl/R(-)  = 0.500000E+00

FOR REAL ROOTS OF AX**Z+BX+C,  INPUT A, B, C

1. -100.01,~

ROOTS: R(+) = 0.100000E+03 R(-1 = O.l00002E-01
Cl/R(+) = O.lOOOOOE-01 Cl/R(-) = 0.999977Et02

FOR REAL ROOTS OF AX**2+EX+C,  INPUT A, E, C
1, +100.01,.1

ROOTS: R(t) = -O.lOOOOZE-01 R(F) = -0.lO~JOOOE+03
Cl/R(+) = -0.999977Et02 Cl/R(-)  = -O.lOOOOOE-01

‘Id:  bl -b/Za, c1  = c/a  alaa dl = /bx

r(tl=b  t dI 1 , r(-i = bl - d,

rtu)r(-)  = b ’ - dlz = cl1
“.z :: Y,
WSW  r(+)  =  cl/ri-)  . r(-)  = cl/r(t)  nJuRm74~a4  f 0

OR 205 1 1



1.3A  LalpUIfaJ (Binary Nuhers)

X=+C(bnZntbn_,2”-*t... tb~21tb~~3tC~b~,2-~tb_,2-l+...tb~~Z-k~l

integer part nil9 X fractional part 1184  X

. . . . . (f)

hd (f) tmt;fm<i binary expansion of X a;ebiantia  q ;I

binary representat ion

binary point

iX =i(b,b  “-,...  blbO.b~  ,bm,...b_,j, nn  b, %I 0 da 11

(ntlj-bit  integer k-bit fraction

5.25 = 5 l/4 = tC~1.2at0.2’t1~t~0.2-1tl.~-=~l  = +(301.01),, L

binary expansion binary

representation

‘ll...lJ=  = zm-I  ~8u  the largest m-bit integer

Mar:  (O.ll...l) 2 .: 1-2-c  3t od the largest k-bit fraction

k R”a

1 2 OR  2 0 5



kae'i4

(lllll),  = z5-1 = 31 t 5 u t h e  largest  S-bit  i n t e g e r

IlR:: (0.1111,  = 3-2TS  = 7/6  ~dld the  l a rges t  ‘J-bit  f r a c t i o n

1.3B  n’l7t&Laa~W?ur&l  ( I n t e g e r s )

1 word = 32 bits

integer overflow

bit no.
I
31 30 29 28 27 26 25 24 23 22 21 20 . . . 3 2 1 0

0 0 0 1

31 bits for the integer’s binary --+I

f o r  ,,I f o r  -) representation

1.3C ll’UL&l  Floating-Point Representations aa~~sa~luda~

(Binary Nmbers)

X : J. M.2" 4wa;t  M  = tiO.lb-zb.m+...b+le

11  a z c  =  raailu?u,thTw~9

rim-ii normalized floating-point (binary)  representation pl9J X

OR 205 1 3



RITIQ  1.3-l nl%~~aulu~U  Normalized Floating-Point

Binary Normalized Floating-Point
x Representation Binary Representation

-3.5 ‘(1 l.l)* -(O.l  I 1)2 * 22, that is, M=  (0.1 I I)*  and c= 2

i (0. I 1 1)* (0.1 1 1)2  * 2”,  that is, M=  (0.11 1)2 again, but c = 0
1
16 @.ooo1)* (0.1)2 * 2-3, that is, M=  (O.l)l,  and c=  -3

l/5 =  0 .2  = (0.0011001100110011...)e

&d671~llr&‘lu  6-bit mantissa device GJ~

Not normalized: (0.001100),.2°  = l/6+1/16=3/16

(error=1/5-3/16=1/80)

Normalized: (0.110011),.2-==  ~1/2+1/4+1/32+1164~.1/4=51/256

(error = l/5-51/256  = l/1260)

Normalized representation ~A?wUaiMfiw7nnii

Not normalized representation 59  16 LI!I ~~~~w?%‘l~~~a  2 bits

r&r&~  inonsignificant)leading  zeros  na$  N

14 OR 205



31 30 29 28 27 26 25 . . . 9 8 7 6 5 4 3 2 1 0

0 1 1 ‘I 0 1 0 0 0 0 0 0 0 0 1 1 0

f o r  M -ti’-bit forjcj 4 \

b i t  hoinls~~p R”a  o sign of c(t)

%~Iuln~n?~k~?u  a floating point binary representation ‘Ius

a 32-bit  word

17nv.l r. := t~0000011~ 1 +3
s e

M 2 (O.lllO1,e baa  s i gn  b i t  889  X  A”$I  0  (tii~?u  t)
Y 1:
ASMU x  =  t(o.11101,e.23  =  tilll.01) e = 7 114

X = f M.ZC  Ifland  M a”e  normalized 23-bit  fraction

ua=
I I
c <= 127 . . . (71

l/2 = (0.10 .  ..O).  <=  M (= (O.ll...l),  =  l- z-=~  &ii  b_lh~&  1)

&il& (l/2,2’ <= M.2C = X < 1.2’  ~~&%w  M ( 1)
I I

OR 205 1 5



llaz~:aJ7l”il  -127 < c ( 127

MB:: 112  < H <=  1-2-23

ii&A s = (1/2)2-127  =  2-‘pB  =  2.938736...  x  1O-30  A”a s m a l l e s t

representable X > 0 .*. (8i

uas L = (1-2--p3,21x7 = 1.70141...  x loze R98 largest

representable X . ..(9)

lhll8luL~u x  34 x  ) L  Ua”?  w619hiin
I II

floating-point overflov

1uriiua*l&4a~u  &w187u~&i  x  44 0  < x  ( s wMt;ia
I I

floating-point underflow

x = 0.1 = 0.8 x 2-3 , x = n.z-=

2 3 bits
w----?

M = (0.11001100110011001100110),  =  6,710,886/8,388,608

1 6 OR 205



x = (0.7999999523... ).(1/8)  = 0.09999999404...

*To minimized inherent roundoff, variables x that

are input as decimals should be entered rounded to

as many  significant digits as can possibly be stored

on the device used.

1.4A  Decimal-Place UP:: Significant-Digit Accuracy

“leading signif  icant  digit” Il~4laIIW&u~a  “ le f tmost

nonzero  d ig i t ”

8d
Y ::
WSUM -O.&&G  approximates -l/150

-
6s

L 9
MUbB  a -l/150  = -0.00666667(6s)

de -l/150  = -0.00666667CtJd)

4 l/9  r 4.011111...  = 4.01(2d  & 3s)

4 l/9 = 4.011(3d  a& 4s)

M%lkll3  I, iSU

-l/150  * -0.00666667

4 l/9 2 4.01 us:: 4 l/9 5 4.011

Every digital device has a fixed precision that can be

described in terms of the number of significant digits that

it. can accurately store in one word.

17



real numbers: x, y, z,... (?I lower case)

d7 approximate: X, Y, Z,.. . (1#  upper case)

~&‘Lu  i’s device: x  =  X(7S)

1.4B  nl¶R’lUlfUUU  Fixed-Precision

ih4mAlJ~aLaIlfila  4s,  1lU  10

(Normalized floating-point(decima1)  representation)

h!U x.=  -11150 '4:~"tn'U&  X  =  -0.6667x10-' (M =  0.6667,~  =  -2)

y = 4 l/S tn  = 0.4011,c  = tl)

dlu,n~,~“~?,,a-9,~~?~~~  s =  o . l o o o  x  10-O = lo-lo

uar L = 0.9993 x loa = 999,900,000

%ii “0” unu  t , -9 *, 1

luniwhww  x  0  y  7~~7  x  “0  Y unu  Iwai

(W) x  G Y MulsFialu-il:  WI x 0 Y ai1stiea  5s l~~dRLdl+l~

tda 4s



1.4C ~~~~~~~~~~~~~~~~~~~~~~~~~~ Fixed-Precision

ban 5 iwa&

x=8846.4, y=O.O012495,  z=O.40366,  u-0.4037681, u=50 ~lP=7s""liiu
s

%A 4s device a-~:

X=0.8846x10A,  Y=O.l25OxlO-',  2=0.4037x10°,  X=0.4038x10°

uaz u=o.5000x10z

n77dluanRl~  (tt) Iu%?aia  1.4B 'IEL%I errors d1~1  a$~

xty=8846.4012495  f x, Iti  X '; Y = 8846 = X (1)

z+u=0.80'74281~0.8074, rtd  Z : W = ZtW =0.8075 (2)

2-y=0.4024105~0.4024, us;  z I: Y = 0.4025 (3)

xP=78,258,793~8s)~0.7826.10*,M~ X ;: X =0.7825.10' 14)

~/y=40016.0(6s)~0.4002.105, lid  u 7 Y=O.4000.  lo6 (5)

z-u=-0.0001081~-0.1081.10-=, Ui Zh=-O.OOOl=-O.lOOO.lO~=  (6)

OR 205



1.4D  hhlla~u (Internal Functions)
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n$iYa 3 ~WlfGm~4dwxm~wi~  polynomial 6iaItii

Nested Multiplication Rule:

Polynomial:

Exponential form: p,,,(x)  = a,xB  taexb ta3x3 ta,x’ ta,x  tae

Nested form: p,,,, (x) = ((((a,x  ta,)x  taJ)x  t&,)x ta,)x  tae

2 2 OR 205



n747~~a7~~l~iaul~aue~~~~~~~~~~~  p  Ip(x) uaL:  p , , , , ( x )

(11 23-bit mantissa device)

4th-degree polynomial

P (x) = xlsXP 4 -9.5x3  t26.49x2  -26.417x  t2.5662

P nls,(x) = (((x-9.5)x  +28.49)x  -28.41’7)~  t2.5662

P mxpiX) = P”,,, (x) = (x-0.3)(x-2.1)(x-2.6)(x-4.7)

x
Culculated

Pm.(X)

2.4 0.317401’
2.5 0.211199
2.7 -0.312001
2.8 -0.718201
2.9 -1 209599*
3.1 -2.399997
3.2 -3.069001
3.3 -3.763199
3.5 -5.140801
3.6 -5.775004
3.7 -6.335999
3.8 -6.793202
3.9 -7.113601*
4.3 -6.283200*
4.4 -5.340597
4 . 6 -2.25CKlOO'
4.7 O.rnlO
4.8 2.791805
4.9 6.182398

Calculated

Pm&)

Exact
Value

0.317399 0.3174
0.211200* 0.2112

-0.312000* -0.3120
-0.7182CO* -0.7182
-1.209601 -1.2096
-2.400001' -2.4000
-3.068999" -3.0690
-3.763200* -3.7632
-5.140800* -5.1408
-5.775001' -5.7750
-6.336001* -6.3360
-6.793201* -6.7932
-7.113602 -7.1136
-6.283197 -6.2832
-5.340602* -5.3406
-2.249999 -2.2500

o.cKMlco1* 0.0000

2.791802* 2.7918
6.182401* 6.1824

74  P_-*.,(X)  - Psrp(X)
I

> lo--

mnaaShm~4  polynomial A’a  0.1, 2.1, 2.6 ua:: 4.7
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~l)~aIllulW Synthetic Division Algorithm  (Homer’s  method)

LJBWi7  polyno8ial  lu?l  nested

(a) Algorithm: Synthetic Division (Homer’s  Method)

Purpose: To evaluate PolValue  = alxn  + azxn-l  + . . + a,,x + (I”+,

GET tz.  a,, (12. , a,,+,,  x
PO1  Value + 0
DOFORi=lTOn+I

PolValue  + PolValue  * x + ai

(b) Find p(x) = (((lx - 9.5)x  + 28.49)x  - 28.417)x  + 2.5662 when x = -2

Note 1: Diagonal arrows indicate multiplication by x = -2.

Note 2:
P(X)

=x3- 11.5x*+51.49x-  131.397+
265.3602

x - (-2) x - ( - 2 ) ’

2” 1.5-1 (a) SYNTHETIC Division Algorithm khhl7YWl p(x);

cb) ~(-2); (c) POLVAL

2 4 OR 205



FUNCTION POLVALCX,  NPI, A)
DIMENSION A(NP1)

c----------------------  c

C POLVAL = A(l)*X**N  + . . . + A(N)*X  + A(NP1)  C
C WHERE N = DEGREE OF POLYNOMIAL C
C NPI = NUMBER OF COEFFICIENTS = N+l C
c----------------------  c

POLVAL = 0.0
DO 1 I=l, NPI

1 POLVAL = POLVAL*X + A(I)
RETURN
END

(c) 00100.
00200
00300
00400
00500
00600
00700
00800
00900
01000
01100
01200

1

1.5B nl’17Yaiiw7~airner;iiLall~Hi  (Trigonometric Rearrangement)

r~aH~nr~aJn7~l?niia~liisl (Loss of Significance)

aiulanlwmil  f(x)  = cl-cos  x)/ x2 afii~yiawhdl  61lwh

ydlua4  x f 0

n”‘l  (I-cos  x) e 0 (

A n”7  1-cos x ) 0.01
I I
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7111  1.2B L4lWUil  n"'~ bl* )> c, uar  b,’ -c, wlriiimin  b ’I

u16i&  r(-)  = b,-  bIz -c,d-
I I

3::  l o s s  o f  s i gn i f i cance  I??  b, > 0

r(t) = bat  ,/n 7~ loss  o f  s i gn i f i cance  n"l  b, < 0

00100
00200
00300
00400
00500
00600
00700
00800
00900
01000
01100
01200
01300
01400
OlSOO
01600
01700
01800
01900
02000
02100
02200
02300
02400
02500
02600
02700
02800
02900
03000
03100
03200
03300
03400
03500

SUBROUTINE QROOTS(A,  B, C, ROOTl, ROOT2, COMPLX, IY, PRINT)
LOGICAL PRINT, COMPLX

c------------------------------c

C THIS SUBROUTINE FINDS THE TWO ROOTS OF THE QUADRATIC C

C AX**2 + 6X + C C
C IF PRINT = TRUE, IT PRINTS THEM ON OUTPUT DEVICE IU. C
C REAL ROOTS (COMPLX=FALSE)  ARE RETURNED AS ROOT1 AND ROOTZ,  C
C AND COMPLEX ROOTS (COMPLX=TRUE)  AS ROOT1 +OR-  I*ROOT2. C
C - - _ _ _ - - - - - _ _ _ _ _ VERSION  , 5/,/s, _ - - - - C

C
C

C

1

C
C

61 = -0.5*6/A
Cl = CIA
DISCR = B1*61  - Cl
IF (DISCR  .LT. 0.) GOT0 10

REAL ROOTS: ROOT1 AND ROOT2
COMPLX = .FALSE.
ROOT1 = ABS(B1)  + SPRT(DISCR)
IF (Bl  .LT. 0.) ROOT1 = -ROOT1
ROOT2 = 0.0
IF (ROOT1 .NE. 0.1 ROOT2 = Cl/ROOT1

IF (PRINT) URITECIW,l)  ROOTl, ROOT2
FORMAT('  REAL ROOTS: ',El4.7,' AND ',E14.7)
RETURN

COMPLEX CONJUGATE ROOTS: ROOT1 +OR- I*ROOT2
10 COMPLX = .TRUE.

ROOT1 = El
ROOT2 = SQRT(-DISCR)

C
IF (PRINT) WRITE(IU,2)  ROOTl,  ROOT2

2 FORMAT('  COMPLEX ROOTS:',El5.7,' +OR- I*(',E14.7,')')
RETURN



00100
00200
00300
00400
00500
00600
00700
00800
00900
01000
01100
01200

c ********* ,tsTQR  l **********t**

C INTERACTIVE PROGRAM TO TEST SUBROUTINE QROOTS (IW = 5)
LOGICAL COMPLX

C
WRITE (5,l)

1 FORMAT('OT0  FIND ROOTS OF AX**2+BX+C,  INPUT A, B, C')
READ (5,*) A, 8, C

C
CALL PROOTS  (A, 8, C, RI, R2, COMPLX, 5, -TRUE.)

C
STOP
END

TO FIND ROOTS OF ,AX**2+BX+C,  INPUT A, 8, C
1, -100.01, 1

REAL ROOTS: 0.1000000E+03  A N D 0.1000000E-01

TO FIND ROOTS OF AX**2+BX+C,  INPUT A, 8, C
1, +100.01,  1

REAL ROOTS: -0.1ll00000E+O3  A N D  -0.lOOOOOOE-01

TO FIND ROOTS OF /\X*+Z+BX+C,  INPUT A, 8, C
1, -2, 3

COMPLEX ROOTS: 0.1000000Et01 +OR-  I*( 0.1414214Et01)

%,ti  1.5-3 7Il%Mn%d~b~Mt‘i#  QROOTS

8ynsuaaJuuRAaaiu~iHTu

e" R'a  Cl t x t x1/2! t x1/3! t R,(x)1
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f(x)  = ~l/x~tCltxtxe/2!tx3/3!tR~~x~l-l~=ltx/Z!tx~/3!tR~~x~/x

%WJi  R,(x) i;B YUu1)7~78I&8Vl~~  (Lagrange for8 of the remainder)

R,(x) = Cexp(A)/4!1  x4

m3t  x  < 0 . 0 1  tta”7 R,(x)/x (iJ~nR77uea7RIA~au77""~~~~~~~~
I I

(truncation error) flawl74hu7N  f(x)  R”aa  1 t x/Z! t x2/3!)

I =I/24  < exp(0.01)(0.01)3/24  < 0.00000005

t x2/3!  IIWUIM  [exp(x)-11/x  5~ i’d n”?

f(x)  = CexpCx)  - 11/x

1+(1/2)xc1t(1/3)x1  il

1.5E  Extended Precision
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ii~i&t~  n"i  x = 1130 yhauwi7iw x = 0.033(2s)  Au&

E = i/30 - 0.033 = i/30 - 99/3000  = 1/3000  uasx

f* = (1/3000)/(1/30,  = l/100 = .Ol .

l& 0.033 IhUla l/30 i?sa?lUaalatadsUrit~~  1%

I I

-s
(1) fx < (l/2).  10 --> 7aliYriiu~l  x lhu1atd1  x

(2) a:o x-x
I I

( (l/2). 1o-s x
I I

~A”ttriua’~~~  s Ry2  t aahiiku

4aait 0.1 <= H = 0-d d d d-I -L --3*-. -.--. <1 . . . (3)
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1)

2)

Robustness

X * 3&+1  j7 hlu”il  x0  wai4dFi1ra1rfuiu~~

Rapid Convergence
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AX, =  x k+l-Xk  @ Z-X,  = Ck

i&l  increment 7in x, 54 x,,,
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se’  l-7-2  ~WW~IM?~  General Iterative Algorithm
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r-
I General Iterative Algorithm

Purpose: To find  X to a desired accuracy by repeatedly forming an improved
approximation X from a current approximation Xprev until either X is

sufficiently close to Xprev (termination test) or Maxit iterations occur.

( initialize)
GET MaxIt,  termination parameters, x0 [initial guess)
Xprev + x0

DO FOR k = 1 TO MaxIt  UNTIL termination test is satisfied
BEGIN
(form X) X + (formula involving Xprev)

DeltaX  + X - Xprev (L?eltuXis Ax~-~  = .xk-  x~-~]
[update) Xprev + X (ready for next iteration]
(termination test: lDeltaXl  = 0, as specified by termination parameters]

END

(If termination test succeeded, then XG X to the desired accuracy. If not, MaxIt
iterations failed to yield an X close enough to 2)

;fl 1.7-3  ~k$~&~udw?u  General Iterative Algorithm

Absolute Difference Test(For  NumDec  decimal-place accuracy)
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Relative Difference Test(For NusSig significant-digit Accuracy)

n”‘l  DelTaX  < =  RelTol*  X
I I I I

SRfli  RelTol  = Const410-*“mE’o

ua”? X ‘3aliSsMlfU  2 ~~uiuil~~~?~aa~E~l#~l~l~u  NumSig  w”?
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For any  iterative algorithm, no matter hov sure rou  are

that a termination test vi11 be set, put an upper Iiait

(e.g., HaxIt)  on the nu8ber  of iterations ljust  ia case

you are vrong).

1.7C  !l&Liluuut3JLilu  (Linear Convergence) uat:  nw~shuuh’un’urla4

(Quadratic Convergence)

(4) (Dx/preceding  Dx) s Constant = C
3 9
‘LdOd@a  AXk  6~  CAX,-,

nulLihlml  (4)  iiGatU4a (x *+*-x,) is (approximately)

proportional to (xk-xkw2 ) t7it%mni7~th~w  xk t o  2

i? ni7ijriwuut34tih (linear convergence)

(Dxlpreceding  Dx) --> 0  tuba k  t&l%ld

n”?t  MI&4784d (*4) &Gatu”Ei  (x,+,-x,)  is (approximately)

proportional to (x~--x~-~)~ t47thtn74~t!iisa~  x, to 2

41 n77~thtuuhikWa  (quadratic convergence)

3 6 OR 205


