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NUMERICAL SOLUTIONS OF POLYNCMIAL EQUATIONS

ABSTRACT

This report describes the FORTRAN Subroutine POLYR and a related
complete program BRL-RSSR for finding all roots (real and complex) of a

real polynomial equation

N
-
P(x) = S‘ Aixh oo,
1=0

»
13
v

The method whizh is used combines the root squaring and the subresultant
{extracting guadratic factors) procedures for calculating all roots, ev n
multiple 10043, of real polynomials, Reconstruction of the coefficients
from the product

N

I (x - Root, ),
i=1 !

which 1s included, serves as a means of checking.

The described subroutine and program were adapted from a similar

program in double precision described in Report ANL 6987, Argonne

National Laboratory by Erwin H. Bareiss and Ronald Hamelink.




ROOTS OF POLYNOMIALS

Subro ‘tine POLYR and BRL-RS5R Program

General Description. A FORTRAN subroutine and a related

complete program for finding all rcots (real and complex) of a real

polynornial equation
N

Pix)= ) Ax - 0
120

are available for use on the BRLESC computer.

d, Thc rcct squaring and subresultant (extracting quadratic

factors) procedure "RSSR' for finding real, complex and repeated
roots of real polynomials and checking them by reconstructing the
coefficients from the product

N

§] (x—ROOTi)
i=1

is described in detail in

Report ANL 6987
Argonne National Laboratory
by Edwin H. Bareiss and Rounald Hamelink .

Authors. The routine under the name RSSR was written in
FORTRAN by the above authors for the IBM~704 and CDC-3600
computers using double precision arithmetic. The modifications
and additions necessary to make it run on BRLESC in single
precision were performed by Henry Wisnicwski of the Computing
Laboratory ot BRL.

Modifications to the Subroutine POLYR. When compared with
the original FORTR | ANL subroutine (pp 49-73) the BRL subroutine
POLYR differs as follows:
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a) The Main Program, which does input and output and calls

RSSR, has been entirely replaced (see tabulation).
b) Subroutine RSSR
No changes.
¢) Subroutine ROOTSQ

Changes:

LINE STATEMENT

146 IF (KM) 11, 4, 11

11 DO 4 L=1, KM

d) Subroutine REALROOT

Changes:

LINE STATEMENT

1141 T=2%%M*]

Reason; Mixed type arithmetic is not allowed in BRLESC
FORTRAN.
e) Subroutine COMPRCOT
No changes.
f) Subroutine TEST

Changes:
LINE STATEMENT
11 IF (IB(3) - 74) 100, 100, 12
100 IF (IB(3) + 74) 12, 101, 101
18 IF (IB(2) - 74) 102, 102, 12
103 IF (IB(2) + 74) 12, 103, 103
103+1 IF (IB(3) - 74) 104, 104, 12
104 IF (IB(3) + 74) 12, 105, 105

g.h,i) Subroutines SUBRES, RECON, QUADRIV
No changes,
j) Subroutine DOUBLOG

Changes:

LINE STATEMENT
1 PRINT 2
3 To = Ix

3+1 y = ALOG(x) + To*ALOG(T)

)




Reason: Mixed type arithmetic is not allowed.

Subroutine DOUBLEXP

Changes:
LINE STATEMENT

First Z = EXP(X)$1Z = 0

1y Subroutine ADD

Changes:
LINE STATEMENT

10 IF (IDIFF) 11, 12, 11
DO 111 =1, IDIFF

12
m,n) Subroutines SUBTRACT and SCALE

No changes.

o} Subroutine UNSCALE

Changes:
LINE STATEMENT
First + 1 IF(IX + 84) 3, 4, %

1 IF(IX - 34) 5, 5, b N
Maximum size of [X on BRLESC is 84
X - 1.0k + 153
Maximum number on BRLESC 15 1, 34078E154

Reason:

o]

Reason:

PRINT 7
FORMAT (25HOEXP, OVERFLOW IN UNSCALE)

0+l

-
i

Operating [nstructions for the Subroutine PGLYR. They are

replaced by:
Entry is made by the statement
CALL POLYR (N.COEFF.ROOTS, D)

where
N = Degree of the polynomial.
¥

COEFF = One-dimensional array of length (N+1) which contains

{A tixed point integer.)

the locations of the coefficients,

ROOTS = Two-duaensional array of length (2xN)} which contains

the roots.




D - One-dimensional urray of length (N+1) which contains
the reconstructed polynomial from the roots and the
first coefficients,

The coefficint of the h.  iest degree is stored first,

followed by the remaining coefficients in decreasing order of degree,

Storage
COEFF (1) Ao
COEFF (2) A
COEFF (3) AZ

COEFF (N+1) A

N

The results are:
ROOTS (1,1) Real Part ROOTS (2, 1) Imaginary Part
ROOTS (1, 2) Real Part ROQOTS (2, 2) Imaginary Part
ROOTS (1. 3) Real Part ROOTS (2. 3) Imaginary Part
ROOTS (1, N) Real Part ROOTS (2, N) Imaginary Part
The coefficients of the reconstructed polynnmial.
D{1) AO

: D(2) Al

D(3) AZ

; D(N+1) Ay

This subroutine 18 available on cards only, (See Appendix A)




Modifications to the Program RSSR. The BRL-RSSR Program

contains the same modifications as POLYR with the exception of a
Main Program which is retained 4s shown in Report ANL 6987

with the following changes;:

LINE STATEMENT
2+l and 3 Cdancelled

4 PRINT 2, TITLE
9+3 Cancelled

10+1 b

14+1 through i8 !

19+2 !

3042 END

31 through 37+2 Cancelled

Operating Instructions for the BRL-RSSR Piogram. As in

Report ANL 0987, p, 73, with the tollowing changes:
a, No change
No change
v. Cancelled
d. The first line s changed us tollows:
A . Format (E (3, 1o
The remainming lines are not changed. {See Appendix B)
Example
The input and cutput ot the BRLESC computations of the roots ot the
very badly conditioned polvnomual

~ 0, N 4 . N
P(x) = 70%.x = 51972.xn < 22559, 3ox » oeliod. odx
b
- 2101084, 2x7 ¢ 2490308, x - 104K5Te, = 0

are given in Appendax C.

Availalality, Copies of the punched card decks or POLYR and
R3S R mav he obtained from Systems Progr immang Branch, Computer

Support L.vision,
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APPENDIX A

D L ]

SUBROUTEND POLYR{INZCOEFT ,«0CTS,0))

DIMENSICN A{SL 3 oTAIS 1 3),RODTSNI24N )DL}, COEFF(L)

TYPE INTIGFR PERRFE

DEGRFF =Y

NLI=DFGREF+]

=lu

MMAX=1S

13 DELTA=0.C00L

EPSILCN=UeDuT0I]

DX 14 [=1,N1

A(T,1)=COEFFLI)

lMl'l)=0

5 CALL STALCUACL,1),1ALI, 1)}

; 16 CONTINUE

: CALL RSSR{A,TARODTSyDEGREE JMyMMAX,UDELTALEPSILONGD)
IFINLI-{DFGREF+11129,29,26

26 RETURY

29 PRINT 3y

30 FORMAT(21HOSOME ROQTS NIT FOUNDI
RETUN
END

-

PR o Y

. SURBROUTINE RSSR (A, 1ARJI0TSDEGREF yMyMMAX DELTAL,EPSILON,D)
DIMENSICN AI51,3),1A(5143),RODTS{245C)0(51)REMOD{SC)yMROMOL(SC),
NONRT{59) s MNONRT(SD)
TYPE INTRGER DEGREE
N=EGREE
IF (N} 1e243
DEGREE=NCUR
RETURN
Ni=N+¢l
Ne=N1+1
00 5 I=1l,N
K=NZz-1
IF (ALK 1Y) 604,00
: 4 J=N1-i
ROOTS(1,0)=0,0
RUDTSI(24J)=000
: 5 CONTINUE
i DEGREEC=C
50 TO 2
6 Nl=K
N=K=-1
NCUR=N
NL =N
T CALL ROOTSO (A, TALNCUR,M:
CALL REALRIOT {AGIA M NCURySELTALEPSILCN,ROMOD,MROMID,
INONRT ¢ MNONRT o NCCHRCOTS)
IF INCO) 12,124°
6 NlI=sNCUR+1L
CALL COMPRILT (B, 1AXCMOD4RADTS My MNONRT yNONRT,
IMRCMOD o NCOWDELTALERPSTILONZNCUR)
IF (NCURY 1240249
@ IF (NL~-NCURJ 11.11,.10
10 NL=%.UR
6C IC 7
11 M=Me]
IF (MMAX=M} 14747
12 CALL RECON {(ROOTS¢A(Ll 1) eTALLy1isDoDEGREE)
60 T0 1

-

G ) e

1]

DD A WMP N




11

END

SURROUTINF ROOTSQ (As1AyNCURyMM)
DIMENSION AiS:63),TA(51,3)
N1=NCUR+{

DG 1 J=l.N1

Aldy2)=atJyi)
lA{J,2)=T1ACJ,1)

AlJy3)=0G.2

IA(J'3)=C

CONTINUE

DL 9 M=] MM

DO 6 J=1l.NL

Kl=N1-J

KezJ-1

KM=XMIMNOF (K, oK)

DO & L=,+KM

LR=XMCOF (L, 2)

JL=J-L

JLP=J+L

IF (LR) Z42.3
X=A{JLoc ) XA JLP,2)
IXz=[A(JL,C)+TA(JLP,2)

CALL SCALF (X,IX)

CALL ADD (A(J93)4T180J93) o XsIXsAlS03)41A04s2))
GO T0O ¢

Xza(JLyc)*xA(JLP,2)
IX=TA(JL2)+1A0JLP,2)

CALL SCALE (X,1IX)

CALL SURTRACT (ACJ,3)9TA{J9y3) e XeIXeA(Jy3)eIAL4,3))
CONTINUE

AlJe2=4.0%A(J,2)

CALL SCALF (A{Js3),1A04,3))
XzA(Jy2)e%?
IX=1A(J2)¢1ALJe2)

CALL SCALC (X,IX)

CALL ADD (A(J33),TALJs3) o XoIXsALJe3 ) 1ALU3))
JR=XMCDF (J,2)

IF (JR) 54546
AlJs3)==A{J,3)

CONTINUE

IF (MM=M) 9,9,7

DC o J=] N1

AlJy2)=A14,2)
fALJ2)=01A0d43)

AlJy3)=0.7

1A{Jy3)=0

CONTINUE

CCNTINYE

RETURMN

END

SURRQUTINE REALROOT (AsIA¢M¢NCUR¢DELTAoEPSILON¢ROMODyMROMOU,
LNONRT ¢ MNGNRT 4 NCC,ROOTS)

DIMENSION A(S143)91A(5143)4RO0TS(2,52)RCMOD(50),MROMOD(50),
INONRT(50) ¢MNONRT (50) 4RATIO(S51) o IPIVI51) s ARED(50), TARED(50)
RATIC{1l)=1.0

DO & (=2,NCUR

[1=XMCDF([,42)

12




RTINS

50
51

10
1’

100
101

102
103
12

13

IF (A§1,3)) 2,1,2
RATID(I)Y=C.2
GC 10 &
T=A{1,2)%A(1,2)
IT=IA(T2)41A(1,42)
CALL SCALL (T,IT)
T=V/A(1,23)
IT=17-1A(1,3)
IF (IV-2) 50,53,1
IF (1T+2) 1,51,51
CALL UNSCALE (T,IT)
RATIO(I) =Y
IF (1)) 2,3,6
RATIO(L ) ==-RATIOHL)
CONTINUE
RATIO(NCUR+)=1,0
lPivily=i
1P IVINCUR+L )=,
DO 7 [=24NCUR
X=ABSF{RATIC(I)-1,0)
IF [(X~DELTA) 59645
[Pively=1
GC 10 7
IPIV(I)=(C
CONTINUE
NCURL=NCUR+]
I1=0
MULT=0
=1
14=3
I1=11+1
[2=11+1
MUL T=MULT+}
IF (IPIVv(I2)) 8,8,9
RCMOD(I4)=A(12,3)/A1(]1,3)
IROMOD=1A{12,3)-1A(1,2)
CALL SCALE (2CM30(14),IROMOD)
I1F (RCMOD(I4)) 10,11,11
ROMGD(14)=-ROMOD(16)
CALL DOUBLOG (RZMOID(I14) 4y TROMOD ¢ XNy IXN)
T=2 #%M%]}
XN=XN/T
CALL SCALE (XN,IXN)
CALL DOURLEXP (XN,IXN,ROMOD(I%), [ROMOD)
[F(IRCMOD-T74% ) 100,100,101
IF(CIRCMOD+Te ) 101,1014102
ROMOD(14)=040
IROMCD={
GO TO 103
CALL UNSCALE (ROMOD(I4),1ROMOD)
MROMOD([4)=MULT
IF (NCUR+i~-12) 13,13,12
1=12
Je=14e]
MULT=0
Il=9
GO TC 8
Q=C.C
NCO=0
DO 22 I=1,1%

13
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KL=[4+]1-1
W=-ROMODIKL)
I15=MRCMOD(KL)
DO 20 J=1,15
J=J

14 CALL TEST (Ay[AsWoQyNCUR,ROMODIKL) yEPSEILON,K)

IF (K) 174174145

15 ROOTS(1,NCUR'==W

ROOTS{2NCUR)=0a0

ARED(1)=Al1l,41)

TARED(1)=1A(1,1)

DO 16 L=Z4NCUR

Y=zARED(L-1)*w

IY=1ARED(L=-1)

CALL SCALF (Y,iY)

CALL SURTRACT (A(Lsl)oIA(LsL)oYeIY ARED(L),IAREDIL) )
A{Ly1)=ARED(L)

TIA(L.1)=1ARED(L)}

16 CONTINUE

GO 10 19

17T IF (W) 18421421
18 wW=-W

GO 70 14

19 NCUR=NCUR-1
20 CONTINUE

GO TO 2¢

21 NCC=NCO+1

22

W A -

300

100

101

o -~

NGNRT(NCC) =KL
MNONRTINCC)=15¢1-y
CONTINUE

RETURN

END

SURRQUTINE COMPROOT (A, IAsROMODyROCTSyMyMNON ToNONRT
LMRCMODyNCO,DELTAL,EPSILONZNCUR}

DIMENSICN A{S14y3)4ylA(5193),ROMOD(S0)sR0ITS(2¢50)sSR"S1¢3)2ISRI5143
1)sSROMOD(50) ¢ SROOTS(24+450) s MNONRT(S50) 4y NONRT{50) yMSROMOD(5C),
SNSCNRT(49) yMSNORT(49) ¢yMROMOD(50) 9D(2)4R(2)4B(49)

00 23 I=1,NCO

JASNONRT(I)

[1=MNONRT(T)}

11=[1/2

IF (11) 1l,1,2

I11=]

IF (ROMOD(JA)) 3,423,3
Q=RGMCD(JA)

D0 22 J=l,lL
CALL SUBRES (A,TA,NCURySR,I5R,Q)

IF (NCUR=4) 4,100,5
NSCUR=2
GO 10 101}

NSCUR=1
Ja=1
GO TC &

NSCUR=NCUR=-3
J2=NSCUR
LL=NSCUR+]

IF (NSCUR=1) T747+9
[F (SR(1o1)) B410,8
X=SK(1le1) ¢ IX=ISR(1l,1) 14

R ST L T e T
s DAL FOTN TR I SRR S P




Y=SR{Zy1) & [Y=ISRE2,1)

CALL UNSCALE (X, 1x)

CALL U SCALE (Y, YY)

SRCOTS(Ly2)=mY/X

NSCUR=0

GO TC 11
9 CALL ROJTSQ (SRyISRyNSCUR,M]

CALL REALROCT (SR.ISRyMyNSCUR,UELTA,EPSILON,SRCMOD,MSROMCO,

LNSONRT ¢ MSNTRT4NSCJ, SROSTS)

IF (J2-NSCUR) 1C,1C,11

B 10 SRCOTS(1,42)=C.0

E L L1 SROGTS(LeJd2)=SROCTSEL,J2)*RUMODIJA)

¢ T=ROMOD(JA) #RCM2L (JA)

: [F (SROUTSIZ9J2)-T) 124i69i5

12 W=SROCTSt1,J2)
WE=ROMOID{JAISROMOD( JA)
CALL TEST (AyfA,WoWESNCURJROMODIJA) 2 EPSTLON,K)
IF (K) 15,15,13
13 ROOTSI1,NCUR) ==W/240
=64.0%WE
U=W*W
T=T-U
LF (T) 201,201,202

201 T=-T
U=DSQRT (1)

RGCTS(14NCUR) =R2CTS(1,NCURI=U/ 240
ROOTS(Y,NCUR=i)==(A-U)/2.0
ROCTS(2,"CUR)I=0,C
ROCTS{2yNCUR=-11=2040

GO TO 2u4

202 U=DSORT(T)

203 ROJTS(2,NCUR)=U/2.C
ROOTS(1,NCUR=-11=RI0OTS(1,NCUR)
ROCTS(2,4CUR=1)==-ROCTS{2,NCUR)

204 D(1)=w
D(2)=WE
CALL QUADIV (NCURyA,1A,R,D,B)
JX=NCUR-1
DO 14 JY=1,JX
ACIY 1) =R(JY)

IA(JY,1)=C
CALL SCALE (A(JY,1)y1A(JY,1))
14 CONTINUE
NCUR=NCUR=2
GO TC 22
15 W=-W
CALL TEST (AyIA, W WEJNZURyRUMOD(JA) 4EPSILON,K)
IF (K) 16416413
16 IF (J2-INSCURSL)) 23,17,19
17 IF (J2-1) 23,23,18
18 J2=42-1
SROOTS(1,42120,0
GO TC 12
19 IF (SROUTS(1,J2)~SRIOTS(Lsd2-1)) 20,21+20
20 J23J2-1
Go TO 11
21 J2=J2-1
GO T0 16
22 CONTINUE
23 CONTINUE

R e R e k]

15
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10
11
100
101

12
13
16
15

16
17

18
102

e o 51

RETURN
END

SUBROUTINE TEST (Ay[AyW,0yNyROMODyEPSILON,K)

DIMENSION A(S193)31A(51,3),B(3),1B(3),T(2),E(2),C(51}

B(l)=0.081X=08[w=0

[8{11=0

Bi{2)=A(1,2)

IB(2)=TA(1,1)

DO 2 I=1.N

X=wxp(2)

IX=IR(2)

CALL SCALE (XeIX)

Y=Q#R (1)

Ivy=18(1)

CALL SCALE (Y,1lY)

CALL SUBTRACT (a{l+14)),1A(I+1,1),Z,12,8(3),18(3))

IF (N=T1) 24241

B(1)=RA(2)

[B{l)=1B(2)

B(2l=R(3)

18(23=18(3)

CCNTINUE

KOUNT=]

CEPSIL=EPSILON

T(1)=C,08T()=0.C

N1=zN+l

X=2 O%EPSILON

Y=X*RCMGD

E(1)=ROMOD+Y

E(2)=ROMOD+CEPSIL*ROMCD

D0 7 1=z]l,Nl

IF (A(l,1)) 4,5,5

Cll)==A(T1,1)8IC=1A(1,1)

GO T0 6

Cll)=A(1,2)81C=1A(I,1)

CALL UNSCALE (C(I1),IC)

TCL)=T(L)eR(1)eC (1)

T(2)=T(Z)=E(2)¢C ()

CONTINUE

DIF=T(1)=-T(2)

IF (Q) 18,9,18

IF (B(3)) 1U,ll,l1

B(3)==-B12)

[F (IR{3)-74 ) 100,100,112

[F (18(3)+74¢ ) 12,131,101

CALL UNSCALE (8(3:,1I8(3}))

IF (DIF-R{3)) 12,12,17

K=0

IF (KOUNT=2) 13,16,16

IF (Q) 15414,15

IF (W) 15,164.6

SENSF LIGHT 2

KOCUNT=2KQUNT+ )

RE TURN

K=]

GO 10 16

IF (IB(2)~-76 ) 102,102,412

[F (1812176 ) 12,103,10)
16




103

104
105

19
20

100
101
102

103

104

CALL UNSCALE (8(2),1R(2))
IF (IR({3)-74 ) 104,106,412
IF ([R(3)+7¢ ) 12,105,105
CALL UNSCALE (B(2),IR(3))
X=Q&R{Z)*R(])
Y=WxB(21%B(3)

1=8(3)%8(3)

Y=X~Y+7
IF (Y) 19,177,290
Y=-Y

DIF=DTF*I[F
IF {(DIF=Y) 1i2,17,17
END

SUARZUTENF SUBRFS (A, [AyNySRyISR,ROMOD)
DIMENSICN A(5192)91A(5192)ySRI5143)4ISRI5143),4,C(51)4B(50,3)
N1=N+]

T=1.C

DO . [I=1,N

J=N1-1

T=T*RCMOD

CldI=ALJ,1)%T

IC=1a0J,1l)}

CALL UNSCALE (CtJ),I0)
CONTINUF

CINL)=A(N1,1)

IC=IAENL 1)

CALL UNSCALE (C(NLYLIQ)

[F (N=2) 1241242

N2=N-2

DS 3 I=:4N2

Blls1)=C.0

Bll+2)=0.0

CONTINUE

=2

Bils2)=C{1)
Blley3)=C(I)="1{141)

DO 5 J=24N2
B(Jsy2)=-8(J~1,2)-R(J,1)
CONTINUE

[F (N~03+701; L0046,40

I=1¢1

BQ 7 J=1l.N&

B(Jyl1=B{Jy2)

BlJde2)=B(Jy3)

CONTINUL

60 T2 &

IF (N-6) 14,101 .8

IF (N~(2¢1)) 104,102,102
I=1+1

00 103 J=1,¢

BlJold=R(d,2)

B(Je2)=81J,3)

CONTINUE

GC TC &

B{3e3)=-RB(2,2)
SRE3,1)==C(5)¢BU143) & ISRI3,]1)=D
SRE241)=R{243) ¢ ISR(2,1)20
SRULs1)=R(3,3) ¢ ISR(1,1)=D
CALL STALF (SRUL,41)4ISRIL,1D)

17




: CALL SCALE  (SR(2,1)4ISR(2,1))
: CALL SCALE (SR(3,1),ISR(3,1))
! Go TC 11
- ‘ 6 SRINZ,1)=CINI=R{143} 8 ISRINZ2,1)=0
SRIN2-1411=-C(N1)-B(2,3) $ [SR(N2~1,1)=0
CALL SCALE (SRIN2,1),ISRINZ,1))
CALL SCALE (SR(N2-1,1)4ISRIN2=is1))
~ IF (N2-2) 11,119
9 DO 10 J4=2,N2
| K=N2+1-J
SRIKs1'=-A(Jy3) § ISR(K,1)=0
CALL SCALE (SR(Kys1)¢ISR{K,1})
10 CONTINUE
11 RETURN
l¢ SR(Lls1)=Ct1) s ISR(1,1)=0
SR(241)=-C(2) $ ISR(2,1)=0
13 CALL SCALE (SR(l,1)4ISRI1,41))
CALL SCALE (SR{2,1),ISR(241))
GC TO 11
14 SR{ls11=-Cl4)
SR(241)=2C(3)-C(1)
[SR(1,11=0
ISR(2,1)=0
GC TC 13
END

SURRGUTINE RECON (RO0TS,AyIA,DN)
DIMENSION ROOTSI2,50),40(51)
X=ASIX=[A
CALL UNSCALE (X,1IX)
DG L [I=i,N
O(l)=C.C
1 CUNTINUE
UiN®1)=21,0
I=1
NL=N-}
IF (ROOTSU(241)) 3,7,3
TeR2GTS{1,T)*ROOTS(L, 1)
UsROOTS(2,1)*RIDOTS(2,1)
T=T+y
U22,0¢RO0TS(1,1)
DO 5 J=i,NL
IF (1¢J=N) Sy6,6
& DUJI)=DlJe2)2ToD( )
0'J)=D(J)-usD(Je1)
5 CONTINUE ‘
1 DIN)=TSD(N) : ‘
DIN)=D(N)-USDO(Ne¢l)
DINel)sTeD(NG])
Ixl+¢2
6 IF (N~-1) 10,2,2
T VG 9 J=i N
IF (Jel=-N) 9,9,8
DUJ)aD(I*L)=DIJI*ROCTSIL, 1)
9 CONTINUE
DINeL)==UIN®L1)*ROOTS(1,1])
I=fe+;
GC 13 6
10 NS=Ne]
0O 11 I1=1,NS

W
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DUIE)I=D(IT)%X
CONTINUL
RFTURN

END

SUBRRCUTINFE QUADIV (NyA,1A,R,D,8)
DIMENSIZIN A(SL1y3)4TA(S13)1,R(2),012)4R(4D)
BULI=ACL,1)8IR=1A(1,1)
CALL UNSCALE (R{1),IBI

lf (N‘Z) “'4'1
AA=A(cos L) 1AA=TA(2,))
CALL UNSCALE (AA,IAA)
BlLZ)=AA-R(1)*D(1)

I[F (N=-3) &44,2

NT=N=-1

DG 3 1=5yNT
XN=p({I-1)1«D(1)
Yh=H{l=~c)*D(2)
AA=A(Ll,1)81AA=TA(I,1)
CALL UNSCALE (AA,1AA)
8(1)=AA-(XN+YN)

CCNTINUF

XN=B(N-1)%D(1])
YN=HB(N-2 8Dt 2)
AA=A{N,L1ISTAA=[A(N,])
CALL UNSCALE (AA,T1AA)
RELDI=AA-{XN+YNI)
AA=A(N+1,1)8TAA=TA(N*],])
CALL UNSCALF (AA,[AA)
R{2)=AA-B(N-1)8D(2)
RETURN

END

SURRCUTINF uCURLLG (X IX,Vv,lY)
Tx64,0

IF (X}1.+5,3

PRINT ¢

FCRMAT (46HUTHE LCG JF A NIN~POSITIVE NUMBFR
¥Y=2,C

[y=(

GO TC &

TC={xXs

YrALNGIX) e TORALAG(T)

ty=0

CALL SCALF (¥,1Y¥)

RE TURY

END

SUPROUTINF DCURLFXP (X1 Xy2,121)
- EXPUIX)SII=y

IF (IX) Le9,6
lz=~IX3tl1=bel

DO & J=y.01
KeXMEDFIT2,2)

IF (K) 293¢
12=12-1

1264,0%

I2=12/72
2=D>CRTYI(Z)

CALL SCALE (2,12

19
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CONTINUE

RE TURN

l=zbe]X

00 7 J=l,1
I=lols1l=12¢11
CALL SCALE (2,12}
CONTINUE

Go < S

CALL SCALF (Z2,12)
GO T2 S

END

SURRGUTINE AND (X, 1XeYylY,Z,12)
IF (X) 3,1,3

=Y

IZ=1Yy

RE TURN

IF (Y) 544,9

=X

IZ=1X

GO TC 2
IDIFFalx-1Y

IF (IOIFF) 6,747
lA={Y

AsY

B=X

I0IFF=-[DIFF

GO TC 8

[A=]X

AaX

Bay

IF (16-1DIFF) 9,9,10
l=A

[Z=1A

6o T3 2

IFCIDLIFF) liel2ell
DC 12 1=1,IDIFF
BsB/64,. D

CONTINUE

I=sA+R

Il=1A

CAaLL SCALE t2,12)
GO 12 2

END

SURRCUTINE SURTRACT (X, [ X. Y JY,4l412)
We~Y

CALL ADD (X I XomelYel 1)

RE TuaN

END

SUBROQUTENS STALE (X,1X)
TYPE DCURLE X,Y
RECHGe) /66,
IF (X)) 1411,2
Y=g
GJ 10 )
Y=X
[F (66,0-Y) 4,5,5
V"/6~oc
20
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10
11

~

N BN

IX=[x+1
Gu T2 3

[F (Y-R{(Cb4)
Yz=Y®b64,0
I1x=[x-1

GO T2 5

I+ (X)
Xz-Y
GO I°
X=Y
RETURN
IX=¢
GO 1O 12
ENO

60747

349,

|

SURRCUTINT UNODCALE
IF (Ix+3&4 ) 3,654
X=C,?

[X=3

Go T2 2

IF (IX~-84 )
x=]1 2F¢193
[Xx=C

PRI..T 7
FIAMAT (235MHIEXP,.
6O ¥C 2
tF (Ix) 1
XzX®hb, o ®
[x=0
RETURN
END

X, X)

595+ 8

CVERFL W

129l
LR
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APPENDIX B

€-907 FiNOING ZEROS COF REAL PCGLYNCMIALS

MAIN PRUGRAM

DOES INPUT AND JUTPUT,; AND CALLS RSSR

CIMENSICY AUS143)5TA05L,3),00T5(ce30)TITLECLC)DLE])
TYPE INTFGFR UEGREE

READ 7y TITLE

FORMAT (i0AS)

PRINT 2, TITLE

FORMAT (1H1,1C4%)

READ 6, DEGRFEE M, MMAX,OELTAEPSILON

FORMAT (21642812445

IF (M) 747,48

M=10

MMAX=15

DELTA=C,00C.

EPSILCN=0,C0C00L

PRINT 9y DEGREEMyMMAX,CELFA,EPSILON

FCRMAT (3HODEGREE=13,1711 NOo COF HCIT SQ=13, 74 MMAX=I3,/

17H DELTA=E12.3,1CH EPSILON=E1Z.3}

1¢
11

12

13

14
19

29
21
22

—

24
25

26
27

28

29
30

N1=DFGREF+]

PRINT 1T

FORMAT (19HIINPUT COEFFICIENTS
DO 14 [=1,N!}

READ 12¢ X
FORMAT (E1B..0Q)
A{T,.1)=X
fAlie1l)=C

J=1-1

PRINT 13, JoX

FGRMAT (ZHCA(1243H}= 1PEL18,10)

CALL SCALE (Aa(l, 1), 0A(8,1))

CONTINUE

N2=DEGREF

CALL RSSR (A, 1A RCOTS,DFEGREE,M, MMAX,DELTA,EPSILIN,D)

I[F (N1-{DFGREE+L1)) 29,29,21

PRINT 22

FOGRMAT (%4HCROOTS OF THE POLYNULMIAL)

PRINT 23

FCRMAT (42HOREAL PARY IMAGINARY PART)
K=DEGREE+]

DO 25 [=K4N¢

X=ROO0TS(1l.1)

Y=RQCTS{2,1)

PRINT  24,X,Y

FOCRMAT (1H0LPE24.1541PE26.15])
CONTINUE

IF (DEGREF) 2692629

PRINT 7

FORMAT (25HORECONSTRUCTED POLYNIMIAL)
DO 28 1=]4N1

X=0{1I}

J=l-1

PRINT 13, JoX

CONTINUE

GO 101

PRINT 30

FORMAT (21HCSOME ROCTS NOT FSUND)

GO 101

END

SUBROUTINE RSSR (A, IA,ROOTS ¢DEGREE iy MMAX,DELTALEPSILOM,D}

2}




DIMENSTON A(S5103),1A(5i,3)4RCCTS0Z950) D51 4RIMCDISC) ¢ MROMODL(32),
LNUNRT{50) yMNONRT(50)
TYPE INTFGER DESREF
N=DEGREC
IF {N) 41,3
DEGRFL=NCUR
RETURN
Nl=N+1
NZ=N1+1
D0 5 I=_,N
KxNz=-1
IF (A(K,1}) &,4,6
4 J=Nl1-1]
ROCTS(L,d)=0.C
ROOTS(2,J)=¢Ca 0
5 CONTIMUE
DEGRFE=C
GO T0 2
6 N1=K
N=K~=}
NCUR=N
NL =N
T CALL ROCTSO (A 1A NCURyM)
CALL REALROGT (A3 TA Mo NCURYDELTAGZEPSILCNZROMOD,RCMID,
INONRT ¢MNINRT,NC24ROOTS)
IF {NCO) 12412,°
8 NL=NCUR®#Y
CALL COMPROOJT (A,TAJRCMIDsRCITSyMyMNONRT g NINRT,
AMROMODWNCO+DELTALZEPSILONNCUR)
I[F (NCUK) 12,129
9 IF (NL=-NCUR) 1llyli,lC
10 NL=NCUR
GO 10 7
11 MxMel
IF (MMAX-M) .,7,7
12 CALL RECON (ROCTS,A{1,1),1A(141)4DyDEGREE)
GO T0 1
END

[TV N

SURRQUYINE ROCTSO (A, TA,NCUR,MM)
DIMENSICON A{5143),1A(51,3)
N1=NCUR+1
00 1 J=i,N]
A{Js21=A{J,y )
[ACJ 2)=TA0Uy1)
A(J,y3)=0,0
[A(J43)=C
1 CONTINUE
DG 9 M=],MM
é DC 6 J=i,yNl

KlaNl-J
Ke=J}-1
KMaXMINGFIKL,K2)
[FIK¥) 1ly4,ell

11 DO ¢ L=1,KM
LR=XMODF(L,2)
Ju=J-L
JLP=jeL
[F (L) 242,33

2 X=A(JL2)%A(JLP,2)

24




IX=TA(JL2)+TALILP,2)
CAaLL SCALF fIx,Ix)
CALL ADU (ALUp3) o TAGI3) o Xy i Xet(dys)helA(Jy?))
GO TC &
3 X=A(IL,2 )AL JLP,2)
IX=IA(JILy2)+1A(JLP,2)
CALL SCALF® (X,Ix)
CALL SURTRACT (A(I3),TA(Je3) o XaIXyA(Jy23) o IA0Jy2))
4 CONTINUL
AlJy3)=2,0%A(4,7%)
CALL SCALF (A(J,y3),1A0J,3))
X=A(Je2)¥%2
IX=IATD,2)+¢1A(J,2)
CALL SCALE (X,1X)
CALL ADD (AU 3 o TA(I 02 0 XoIXyAUIsZ )0 IALJ03))
JR=XMCDF (Jsc)
IF {JR) 45,8
AlJde3)==-A(J,3)
6 CONTINUE
[F (YWW=M) 9,9,7
T D2 B J=L1, N1
A{Jel)=A(Jdy3)
1A(Js2)=TA0d,43)
A(J,3)=Q.’.‘
[A(Js3)=0
8 CONTINUE
G CONTINUE
RETURN
END

wn

SURROUTINE REALRCOT (AyTAyM NCURGUELTAZEPSILCNGROUMOD,MRIMCuU,
INGNRT ¢y MNONRT ¢ NCO yRCCTS)
DIMENSEON A(S1+3),TAU5133)5RO0TSHZ930) 4RIMCDISCI MRIMCDISL),
INCNRTUSG) g MNONRT(S50),RATIO(SL )y IPIVIOSL) ¢ ARFDISC ) TARED( D)
RATIC(1)=1,C
DC &4 1=2,NCUR
[1=XNMCDF(1,42)
IF (A(1,3)) 241,42
1 RATIC(I)=C.0{
GO T2 4
2 T=Al1,42)%A01,42)
[IT=TA0T42)¢1ALL,2)
j CALL SCALE (T,IT)
i T=T/7A¢1,2)
: IT=07-1A(E,3)
IF (IT-2) 50,50,1
: 50 IF (IT+2) 1451¢51
; S1 CALL UNSCALE (T,IT)
; RATEO(1)=T
iF (I1) 3,3,4
3 RATIC(})==-RATIO(1)
4 CONTINUE
RATICINCUR+)=1,2
IPivil)=1
IPIV(NCUR+]1)=]
DO 7 I=2,NCUR
X=ABSF{RATIC{I)-1.,0)
IF (X-DELTA) 546,46
5 1PIvil)=1
GO 10 7

25




6 Irlvil)=C
T CON™NUE
NCUR1 ICUR+}
[1=0
MULT=0
=1
[4=]
8 Il=11+)
[2=211+¢]
MULT=MUL T+])
IF {IPIVII2)) 8,48,9
9 ROMOD(IL)=A(1243)/0(1,43
[ROMOD=1A(1243)-1A(1,3)
CALL SCALF (RGMANDII4) ,IROMOG)
IF (RCMCOII4)) 10,120,101
10 RCMOL(T&)==RCMOD(]6)
11 CALL DJUBRLOG (RCMCD(14) 2 JRIMCD ¢ XNy IXN)
T=¢g ®2Mx]}
XN=xXN/T
CALL SCALE (XNsIXN)
CALL DOURLEXP (XN, IXN,RGMOD(I4),IRCMCD)
IF(IROMUND~-T4 ) 100G,10C,101
100 IF(IRCMGD+T4 ) 101,101,102
101 ROMOD({[4)=0,C
TRCMOD=C
GC 10 1C3
102 CALL UNSCALE (ROMOD(I4),IROMOD)
163 MRCMAD(I1&)=MULT
IF (NCUR+1-12) 13,13,12
12 =12
[ax]44]
MUL T=(
I1=G
G0 TO 8
13 Q=0,90
NCC=(
D0 22 I=l+14
KL={ct]l-1{
Wz=-ROMOD(KL)
I5=MROMOD{KL)
0O 2C J=1,15
JsJ
14 CALL TEST (AsIA,WyQo¢NCURJROMOUIKL) 4EPSILONyK}
IF (K) 17417415
15 ROCTS(1,MCUR) ==W
ROOTS(2¢NCUR)=0,0
ARED(1)=All,1)
IARED(L1)=1A(1,1)
DO 16 L=ZyNCUR
Y=ARED(L~-1)*W
1YsIARED(L=-])
CALL SCALE (Y,1VY)
CALL SUBTRACT (A(Lel) o TAGLeL) oy YoIY AREO(L)IAREDIL))
A(L,1)=AREDI(L)
TALLs 1) =IARE (L)
16 CONTINUE
GG 10 19
17 IF (W) 18,21,21
18 W=-w
GO TC 14
26
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19 NCUR=NCUR-1
20 CCONTINUE
GO TO 2¢
21 NCC=NCO+!
NONRT{NCO} =KL
MNCNRT{NCC)=15¢.~J
22 CONTINUE
RETURN
ENC

SUBROUTI.E COMPROCT Ay [AyRIMIUGROCTSyMyMNONPT ¢NINRT,
IMROMCDWNCOGDELTAEPSTILON,NCUR)

DIMENSTON A(S5192) o 1A(5Y 93 )yROMUDISC)yROTITS{e5%2)eSR{B12
L) SROMCIIED) g SRCOTSH2950) ¢yMNONRTISC ) ¢ NONAT{ S ) o MSRCMCO( L
ENSCNRT(49Y yMSNCRT(4Y) yMICMOD(5C )Y yDI2) 4 R(2) 40 (49)

DC 23 I=1,NCC

JASNONRTLE)

TL=MNUNRT(I])

11=11/2

IF (11) 1e1,2

1 Ii=1
2 IF (RCMSO(JA)) 2,23,3
3 Q=RIMID(IN)
0C 22 J=1,11
300 CALL SUBRES (AyiA,NCUR,SR,ISR, )
IF (NCUR-4) 4410085
100 NSCUR=2
GC 1o 1C1
4 NSCUR=1
Jz=1
GC TC o
5 NSCUR=NCUR=-3
101 J2=NSCUR
6 LL=NSCUR+Y
[F (NSCUR=1} 747,42
7 1F (SRI1+s1)) 641048
8 X=SR{Lly1) ¢ IX=[SR{l,1l)

Y=SR(Zyi) & 1Y=ISR{2,1)

CALL UNSCALE (X,IX)

CALL UNSCALE (YelY)

SRCOTS(ly))==Y/X

NSCUR=(C
GC TC 11

9 CALL ROGTSO (SRyISRyNSCUR M)

CALL REALR™ T (SROISRyM,NSCURy IELTAZEPSILON,SRUMIDZMSAINHLD,
INSCNRT,MSNOR ¢y NSCCSRCOTS)

IF (J2=-%SCUR) 192,10,11

10 SROCTS(1+J2)=C.0

11 SRCGOTS(14J2)25RCOTS(1+J2)*RIMOCTIA)
T=RTMCO(JAY #ROMOD(JA)
IF (SROCTSEigJ2)-=T) 12416416

12 w=SROOTS(1,4J2)

WE=KCMCL(JA)®ROMODIJA)

CALL TEST 1A A W yWFyNCURJRCMIDIJA)LEPSILINGK)

IF (K} 15,515,113

13 ROCTS{LyNCUR)==W/2,C

T=4,0%NWE
UzswWey

T=T~-U

[F (T) 2Cle2C14202

ISRI50y2

)by
O
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202
203

204

T==-71
UsDSQRT (T)
ROCTSH{L ¢ NCUR)=RACTS(L1yNCUR) =/ 240
RCOTS(1 ¢NCUR=L)==~(W=-U)/2.0
ROCTS{2yNCUR) =040
ROUTSI2eNCUR=-1)=0.0
GO TC 2Cs
U=DSQRT(T)
ROCTS(2,NCUR)=U/2,0
RCOTS(14sNCUR=1)=RO0TS(1,yNCUR)
ROCTS(2,NCHR~1)=2=-ROCTS(Z 4NCUR)
D(1l)=w
D{2)=WE
CALL QUADIV (NCUR,A,IA4R,0DyR)
JX=NCUR-L
DG 16 JY=1,JX
Al(JdY,1)=B(JY)
[A(JY,1)=C
CALL SCALE (A(JY,1),1A(JY,1))
CONTINUE
MCUR=NCUR~-?2
GG 1o 22
==-W
CALL TEST (AyIA Wy WE,NCURJROGMOD(JA)EPSILONK)
IT (K) 1%916413
IF (J2-(NSCUR+1)) 23,17,19
IF (J2-1) 23,23,13
J2=J2-1
SRCOTS(1,42)=0,0
GO T2 1¢
IF (SROCTS({L,Jd2)=SRCOTSI(1,J2-1)) 2C,21,23
Ji=de-1
GO TO 11
J2=J2-1
GO 10 16
CCNTINUE
CONTINUF
RETURN
END

SURRCUTINE TEST (AglA W o QyNsRIMOULZEPSILINGK)
DIMENSIUN A(SL1y3)olA(S143)sB(3)0IRI3)aTIL)SEL2),C(50)
Bil)=C CoIX=CsW=0

IB(1l)=C

R(2)=A(1,1)

IR(2)=1A(L,1)

00 2 1=],N

XsWep(2)

IX=[R(2)

CALL SCALE (x,IX)

Y=Qea(])

[y=[R(1)

CALL SCALE (Y,.1lY)

CALL ADD (XeIXoYolY,2,12)

CALL SUBTRACT (A(I41o1)0TA(TI2141)sZolZsRLX)}LIL(D))
IF (N=1) 24Che

8{l)=R(¢)

I8L1)=1p(2)

8(2)=6(3)

ist2)=is(3)

28
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2 CONTINUE

3 KQUNT=]
CEPSIL=LPSILON
T(l)=C,usT(.)=C,0C
Nl=N+l
X=2,O¥EPSILCN
Y=X*¥RCMCD
E{1)=RCMOD+Y
E(2)=ROMOD+CEPSTILA*ROMOD
DG T I=1,N1
IF (A(T 1)) 445,9
ClI =~-A(T41)81C=TA(1,1)
GC TO 6
COUY=ACTI,1)SIC=1A(I,1)
CALL UNSCALE (C{ID),IC)
Tea)=T(LI=E()+C (1)
T(2)=T(2)*E(2)+C (1)
CONTINUE
DIF=T(1)-T{2)
IF (Q) 18,9,1¢
IF (P(3)) 1o,l1l,11
B(3)=-B(3)
IF (IR({3)-T4 ) 100,10C,12
IF (1Rr(3)+74 } 12,101,1C1
CALL UNSCALE (RU2),1B(3))
IF (DIF-R(3}) 12,12,17
K=0
IF (KQUNT-2) .3,16,416
IF (Q) L%914,15
lF (H) Lsylvab
SENSE LIGHT 2
KOUNT=KIUNT+]
RETURN
K=}
GG FCZ lo
IF {1P(2)=-T74 ) 1C2,4,102,.2
IF (IB(.)¢T6 ) 12,103,103
CALL UNSCALE (B(2),IBL2))}
IF (IR(3)=T7¢ ) 1C&,104,]12
IF (1R{3})¢T74¢ ) 12,105,125
CALL UNSCALE (R(2),IBR(3))
X=Q&((2)*R(2)
YaWweb (2)%0 (1)
I=K{3)*p(3)
YxY-Yel
IF (YY) 29917420
Yz=Y
DiFzDIFeDIF
IF (UiF-Y) 12,17.17
END

SUBROUT INF SUBRES (A, 1A, NySRyISR,RCMCU)

DIMENSE N A(S1e¥)o1A(S51 03105105803 )41SR(51¢3),C{SL),RL5 3
NizN+l

T=1,C

DY 1 I=.,N

J=N1~-i

T=T*®ROMUD

CltI)=A(S, 108

[C=zla0d,1)




100
101
102

103
104

10
11
12

13

14

CALL UNSCALE (CLJ), 1C)
CONTINUE
C(Nl)=A(va1)
IC=1AINL,1)
CALL UNSCALF (C(MNL)Y,IC)
IF IN=2) 12,1242
N2=N-¢
DX 3 t=]1,N2
Blil,1)2C,?
B(l,.2120,C
CONTINUF
1s2
Bl1,2)2C(1)
3(193)*Cl|)‘5‘101)
DO 5 J=2,N2
R(J.!)‘-R(J'Iyz,'ﬂ(Jql)
CONTINUE
IF (N=1341)) 13C,646
|IE R 3!
D0 7 J=leN2
BlJoli=R(J,2)
R{Jy2)2B{J,3)
CCNTINUE
GO T1C &
IF (N-4) 114,}101,9
IF (N-(2+1)) +06,1232,102
[=1+]
0C 1G3 J=1,2
R{Jdel)=R(J,2)
BlJe2)=B(J,2)
CONTINUE
GO TZ &
Bt3,3)x-R(2,2)
SR(3.1)“C(5)05(103, $ ISR{3,])=3
SRU2¢1)1=R(2,3) & ISR(2,1)aC
SRi{1s1)=B12,3) ¢ ISR{1,1)2)
CALL SCALrE (SREL,11,1S2(1,1))
CALL SCALE fSRE2,11,1SR¢2,11)
CALL SCALF (SREIL 1), ISRL3, 1))
GO TG 1.
Sﬁ(ﬂ?vl)'C(N,‘ﬂ(:03l t ISR(NC,1)=C
SR(V?'I.""C!NI'-R(ZD3’ $ ISRIN2-1,1)=,
CALL SCALE ‘SR(NZOl’QIS‘(NZ.I’)
CALL SCALE lSR(N?-l.l).lSQ(NZ-l.L))
IF (N2-2) 11,i1,9
DC iC Js3 N2
KaNg- 1=~}
SR{XK,1)==R(J,3) ¢ ISR(K,]1)a0
CALL SCaLe (SRIK 1), ISRIK,L1))
CONTINUE
RETURN
SRILse1)sCUL) 8 ISR{1,1) =0
SR{2,1)2-Cl2) ISRI12,1)=0
CALL SCaALE (SR{1,1),75R¢01,.1))
CALL SCaALF {SRU2,1),I8R(2,1 )
GO 10 11
SRi,sl)=2=Cl4)
SR{2s1)eCHt3)-Ct])
ISR(1,1)=)
ISR(2,1)=2
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END

SURRGUTINE RECIN (RIZTSeAsLAZUWN)
UIMENST OGN RCOTSIZ450),0(51)
X=AdIx=14A

CALL UNSCALE (X, IX)

oC 1 [=1,N

D(T)=Ca0

CONTINYUE

DIN+1)=1.7

[=1

NL=N=-}

IF (RCOTS(2,1)) 2,7,3
T=RCCTSI.s1)*RCCTSIL, 1)
UsRCITS(Z, L) *R2CTSH(2, 1)
T=T+Y

U= 0%RICTSIL, 1)

oC > Jz oL

IF (140=N) 3,4,4
DEJ)=D0J+T)+TD( )
DUJ)I=DLJ)-U*D(J+ 1)
CONTINUE

DIN)=T*U{N)
DINI=D(N)=Usp (e ])
DIN#L)sTeD(N¢L)

[=1+2

IF (N=-1) 10,2,2

CO 9 J=_ N

IF (Jel=N) Iy~
O0J)=ClIeL)1~D(I)*ROOTS(L, 1)
CONTINUY
PDIN®L)z=D(N+1)*RIITS(1,1)
1=1+1}

GC T 6

NS=N+)

U Ll 11=1,NS
DITLY=DULLT)ex

CONTINUE

RETURM

END

SUPRGUTINE CUHADIV (NyA 1A RD,0)
DIPENSTON A(S1 43 TAIS1,3),k(2),0t2)Hl69)
A(11=A01,1)8iB21A(1,1)

CALL UNSCALD t8(1),18)

IF (%N-2) &4,
AA=Al2, )8l aL=AL2,1])

CALL UNSCALE (AA,1AA)
BlZisAA-a(}e())

IF (N=2) &o4,;

NT=N- )

0C 3 l=3,NT

XN=Q(]l~-1)eD(1)}

YNsBUE-2)eD(2)
Ad=ALL,Ll)81aA=zTALL, )

CALL UNSCALE (AA,TAR)
B{Il)xAA-({XNeYN)

CONTINUE

XNsRA(N-_)e0(l)

3l




(S SR

[ SRV W

pu

> wmNn

YN=R(N=2)eD{2)

AA=A(N, L)sTAA=TA(N, 1)
CALL UNSCALE (AA,1AA)
R{1)sAA-(XN+YN)
AASA(NSL,1)elAA=TA(N®Y, )
CALL UNSCALE (AA,lAAN)
R{zZ)=AA-R(N=-1)%D(2)
RETURN

END

SURROUTINE DCURLCG (XoIXyYy1Y)
Tab4,"

IF (X)1y5,23

PRINT 2

FORMAT (&AH(CTHE LCG OF A NON~PCSITIVE NUMBER 1S RFOUELTHEL)
YsC,2

1y=C

GC TO 4

T0=1x$

Y2ALOG(X) ¢ TO®ALOGIT)

[v=_

CALL SCALE (Y,lY)

RETURN

END

SUBRJUTINE DCURLEXP (XoIXeZ,12)
Iz EXPIX)ISIZ=C

IF (IX) 14F,6
Is=-IX$] 126w

0C & U=, 11
KeXMODF (12,0}

IF (K) 2¢34<
I1Z=12-1

l284,Co}

12=212/2
I=0SCRY(Z)

CALL SCALF (Z,112)
CONTINUE

RETURN

t=pofX

[4]9 7 Jui,l
Zolelstil=t2e11
CALL SCALFR tZ,11)
CONTINUL

GC T¢ 8

CALL SCALF (Z,12)
GC rC §

END

SURRTCUTI®E ADD (X IXeYy 1Y, 241)
IF (x) 3,1,3
lay
i2=1v
RETURN
IF (Y) 5,4,5
I=x
[2=1x
GG TC 2
10iFF=]x-~-1Y
IF (IDIFF) 6,7,7
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6 la=ly
A=Y
=X
IDIFF-=IDTFY
6G TC R
7 1A=[X
A=X
BR=Y
8 IF (1o=-10IFF) 2,9,1.
G l=A
12=14
GC 1O 2
10 IFULIGIFF) 1.412011
11 0C 12 I=i,10IFF
Rz=B /L4, C
12 CONTINUL
[=A+Q
Ie=14n
CALL SCALE (Z2412)
Ge TC 2
€40

SURRCUTING SUBTRACLT (X1 X,Y, 1Y, 2,12)
w=~Y

CALL ADD (X IxXyWylY 2yl )

RETURY

END

SUBRITUTINFE Lot (X, 1X)
TYPF LUUKRLE X,Y
RECLL=) N /64,0
IF (x) i,11,2
1 Y=-X
GC I3
2 Y=X
3 IF (pe,0~Y) &y5,5
4 Y=Y/b&,
[X=f{xe]
6 11
S P AY=-Rr(&&) 5,7,7
5 YsYehé,
fx=!x-1
L TC 8
T OIE (X)) A9,
8 X=z=-¥
6C IC 1L
I Xx¥
10 2F tuan
11 tx=3
Go To 12
ENs

SUPRPRIJUTIN: UNSCALE tx,lX0)
IF LI Xerde )} 3,4,6
3 X=C,2
Ix=,
we 19 2
& iF (IXx-84& ) 5,8,5
6 X=2],C+e}182
Ix=)
33




PRINT 7
7 FORMAT (2SH.EXP, JYERFLOW [N UNSCALE)
GO T0 2
S IF (IX) 1,2,1
1 X=X%66,0%%][X
8 I1Xx=0
2 RETURN
FND
3
§
g
?
)
% .
:
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APPENDIX C

INPUT

EXAMPLE 1
6 2C 2C 1.0C0E-4 1.C00€E-6
7056,
‘510?20
22559.3¢
66136064
'210108402
2490368,
’10‘85760

JUTPUY

EXAMPLE 1

DEGREE= 6 NO. OF ROGT SQ= 20 Mmax= 20
DELTA= D.100€-G3 EPSILON= 0. 100E-05
INPUT CCEFFICIENTS

Al 0)= 7.056020CCCOE O3

Al 1)= -5,1072CCCCCCE C4

A{ 2)= 2.255936CCCCE 04

A( 3)= 6.6136064CCCE 05

Al &)= -2,101C842CGCCE 06

Al 5)= 2449C368COCOF 06

A{ 6)= -~1,048576C00CF Q6

ROCTS OF THE POLYNOMIAL

REAL PART IMAGINARY PART
=3499968751C794593¢ 00 0.00C00000C000000E Q0
3.398749957314208E 00 0.,00900CCC0000000E 20
2,285716169209813E 00 0.0000000000C0000E 00
2.285716169209813E 00 0.00C00000C0C0000E 00
1.357365320213065€ CO 0.000000C00CC0000E 0O
1.310236461141304E 00 0.000000C000C0000E 00
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outPUT

RECONSTRULCTED POLYNOMIAL

Al O)= 7.056017C0CC0E 03
At 1)= -5,1072C09377¢
Al 2)= 2.2559385004¢
Al 3)= 6.6136077332E
Al &)z =-2,1010846001E
Al 5)= 2.4903682667E

Al 6)= -1,0485T76CCCOE
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