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2toffAEIATOUS, LAL, Tao%in, H4ETHL
BR3YTIIL—4>nBEBMHTEY, v bh - F44 < 1y
20, hAYRATLEMEIAtaTHBO, ZToRE0H
BRig, " MIL—4%> -0 bh-2% BBEA*ODAFTLNE
SHEITL I th 2y BA, MEBFREA LM< -y
27007 L AT ©, REFBL 0T AT 0 R
L WARBHBETYDrS L W h-ZERNIZ T3
=53, |
2.5% 51 B &t

T 0 )0y 7 - 2 RODTS-PACK v @2, Bgirstow-Hitoh
cockF - T 3 " BRaBBREBRIzIVE L RERELES
L TR L =, ROOTS-PACKIT, H lb- 4> £ BB TMRAT
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T3 Y 0WSAER 08w T - T o BRe lam L.

4E R BRI L B3O

WMEFRE 0 B0 BES 2, BBEFizzo Az T3,
w3 2 g MR BEBEEFOR, FFE, T -3, X
HnF, CIIEUMENTEAILATHD. LHL, %
N5 3RaBERAFTIE 0 TH T RERS B O,
RODTS-PACK @ ° 07" T LF AT, 7 o FORTRAN ¥ T 58 ¢ .
350 IBM System/370 7€ 75 BB TCEHMTEF Y,
FORTRAN 7°D #"3 L 45, CALL X 124, Thifirn ofi v
£ET B2 T T A, ROOTS-PACK TFRAL T3, 5307
IL-4% > TE, GHREF, Bo X SEMNUHE £, 5t 8o
WA % W8 334 a0 h3. FORTRAN T3, BE T2
BEE W e n3t affoucusd, TheRir, Rig
bt it B3R 0. 422 T oBY, FORTRAN o 221
Bod AT SATICTH 3 EW, SHEMoBRAMEM: 2B L 3
AHPUL -4V EAARTIIBE, 1 -H - 13, T H U b
FERABCL&E T BT h@h b 3 0. RGOTS-PACK T3, B
IRMotmesT 50, BB BTy & T, 171
BAREATS Bon, *4 Ik h—&y&kroSnfoi
T3H T, cALL 33 00T 4. oL BB cARE

FIMEFA UL, FORTRAN & v 20Xy T - 2248 TF 31~
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3,
CALL RGTPAC (N,A,X,R)
N:FH4E R o R&L
A:AR 3 BE B
X:B a X 3 WA
R:zFAD 4B 0 X > &L B

YHE 51

-~

Z3h F& 0, EEL, ROTPAC (ROBTS-PACK® ¥ A ¥
T2k 9-) £33 ATIEE, SIROBESE L LFENED
WNEBEL R dss 2Tt R,
3.8 25,
3.1 Bairstow ~Hitchcock 512 B 3 3 % &,
Bairstow - Hitchcock 35 (SAF B-H2 v B33 ,) 13, H 1A &
Py = ™+ Q2" - + g
R Ceprrg TR LT, Rak>k 54
P(1>= Qlepat §) (X 8P4 4 )
+ La-i(0p) ¢ bn
oo, Int .t 12 pg o BRLT,
lnay (P,'p =0.0
tn (p,q) =0.0
EHETpq 0dlE 2 BB Newton ZoF vkt > 324
0D THA., PABAKRIARL o BRE L o3I BHBE=TL T,
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B-HZ B, BRCAEBRa TN ogBe A0y 20 75,
Lh tMEXRt 2NTEFEIES, AVBHZATEI ¢ EBL
5h3, LoL, pi oot ENBoBER cBLREL
BB hn s TF, B, UHL, BHESBREL BLR
B oo pPilzd 3,

- FRTERLA

B-HZ T Pit1 = pi+ api
oo

E& YRR P o8 EASE L moaxClapl,lagh) $€ 12 > TR
AEET 2. VIUBRRMEMELEZ LRSS, B3 NI R
A -4 - 100, EFRLCHL . EHEECI0E 1677) o
TG0, WERMRo BRE 10" EBLE L LS 5.
MRENEZLF L &, WHMBAEETLEEY @ IRE T3 L
FTHB. LA L, REoHECG, Hio PR CHA 8EE

BALEY. 20>
FATEHLBEIBEESALTLIN, < o zh
Funsu, I, iNSERTLA ALY, GREBN 161
ZEH)NBERERCEA T 3188, BX o0 BRIBEEOTF
Tri3zze, HERE o anBEn 0521057 TE&EM 1
B, 739, ThEVIRLCOURERNELE L
FOTES, KA 63 "ERo A -4 - P 107 v

4

ARttt 7 FRT LTt Ercr
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E &3 Gz s offiBraye, My B0 5 12e-10" v
ME L, WEHTEEABG2E, FRGRB L TETAEL T
SHERBET HF-1t, WEAEZRZL TL F5 Bt 53,
T0d 3Tt BisY, MRARBEFEAB, TwiTy
BRGLEAs 3 RBEIEFO R L BT 440 5 v o ¥
B> TLEY, o> THWELCERXRTESB 0%, £
NEBoBEBEE oD TE%. RFMCET 3550%< i
3380, WERBEELHIIE I ECS G0, LB L,
3% 0 TH3N, T 73 B HowI, wE-#
L7, havlio AL LB -EB5EE « 5 3,
EAE 0AZ k15 HRELE B0 TR LWL Mg 0o B
EH LN THYONERL BT, TCRRIRLBIS ¢4 B <
L, 2EWAT AT r E<Lhu, 25 F 28, AL
L4 v LT3R EFMBEA L 3 0 bR . ROOTS- PACK
A uEB-HIEZTT,
max (1apl, [a%1) £ max ClpL, 1) <107

A5 24 L B,

CH U, PEBRBLLT, 2 wErTefT4Hd s 5. ¥,
Ty o, M L ERESHAB Y, -0 —-Jo0-1% -
IR 74 —=70—IT>5 LB IIhHFELomBFL T
A, 20 E5G Bitafe: 52 LA FHR T A ZMEBRC L,
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AREBIR(AY -0 T) EABIANZTTEDD., 515k
E%1B R off¥E viyrd vt i35, 4 odbo, HRK
ODNBAT 02 xEBEZ M, k=162 9 k-6 R4 B 01"
W a0 T thidy, FBRAAERT dn=2"0n (ms,n
L5 3. By GHBIEIHEsInt, RBHE 60— > 0B W
TEB D, B Ao BB BHh +t TF v 555,
cWE L HBo AR

B-HEZP"WEL ZAORRBE, py oMEMMEo 525 =ARET
B3toTnhuEI THB, BolKBrWg o KN T
B, BEF@OWN L, HEA@EH 0=E oM 2 ER, TR
CHATIF MM RETS. RELAVWHBG, Bao
ﬁ?ﬁ-b“',’ TR OBR - LEL, TtVBEaTEA, IR
WE L AORTEZ LY, WRLHOWEBRIAT T 4
PAES T ERA. 2053 HFEWRELRLOFER LT BB
Sca p,g 0o ‘Z‘(bmﬁ‘ﬁgéﬂikb, EHL T uwn, EF
"o rv, 1t, B-BBHTIFE L, | TENewtons o4
BZoBE-BERE-E AT UA, FE, FtLAHL L
=, 2o KBHREC, BT poibea AL, 2 AbER
Bre 722058 E Crpary-00t Buivr v, RAHE
Wl EHy, Biko BEEABFALT WHERFEbm 5,
R ERER
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HE=Ful, RELGuKRL G506, Ran7om

%ﬁ?ﬂéi A, Lol AtEBotr, od- 4 Fik
WirE7¢>%4 0000 T, WELVHu L WY - viFd
HELLNH LT RHA, RRea, BEL G, EE4ERL
LMLz, OBE)E# L TH#R fAme T, LHE 1 -
AW UB-HIZEHRALEY 2%, MELHH, Etao s, B
B WFECE, R - 2Yo0BBolRELGEsY . Er0a -2
ThA, ~EMea BRI TE LUK TRD., 2o Ho
Pe.e%ndBe Bh L U hE, e-EPsILON, MOVED TH T,
Brafna t ny 048, INDEXCSCALE (327 - 9 > 7 BT 3 4R
WtH%, T0F0 2. aBiBo, :m#é;é.z“f%pwa-—o.o
{%uﬁﬁmmfﬁb.Tm%m%@z%xmmﬁt@uﬁ
> TUuh ICIZ2ZEAL TUWEETE W,
At |l oy EFER ¢

P = A" 1A+ AKX = 0.0

T 5L, %w oG, HEREE L BT BB T, T O
Y51 213300 Uhha 202 Cizé ), B-HZo 2R
B E (C+p1) Lht, Yo eBHE I3, LD L, %ar- xPw
ChBE S, Qp TV EBERT B 2 Ll (xep) TPV
tBBE I3 l2ZF L0, 2%y, YT 3 B-H EE,
Par-001:31 9% | £ NewtonZiZ L v, - &, R#EL
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U+ ALL)*X*F%R(N-1) + eee + AIN} = 0.0

10
Al 1 ) = -0.2000000000000000D 05
Al 2 ) = 0.99599999999999990 08 - PUEES
A{ 3 ) = —(0.2140000000000000D 09
Al 4 ) = 0.2260000000000006D 08
Al 5 ) = -0.7320C00000000600D 06
Al & ) = 0.3410000000000000D 04
A 7 ) = 0.12400000000000000 03
Al 8 ) = -0.3530000000000000D-04
AL 9 ) = 0.2440000000000000D-11
Al 10 ) = 0.115060000600000600-19

.ONVERGENCE?:

THE 1-TH ROOT HAS NOT BEEN DEFINED - P, I, WELEH - EFBEafé.
\FTER 100 ITERATIONS.

THE LAST vALUE OF Py, Qy EPS, B & SCALE:

’ @ EPSILUN MUVE B ,
1o 13217570-06 —-0.60451240-15 0.1430—18 0.11?0—07 —-0.1750-04 0.895D-14
INUEX  SCALE 4 UERIESS 4458 (RE)E ).
0 0. 10000& O1
OUTS OF THE EQUATIUN EXPKESSED IN THE FUORM OF XEX + PEX + Q = 0.0 :
. 0-13660112515682420-06 4 0.0 *1 )

~0.44253841173487190-08 4 0.0 *1 )
V x*tpx1g-0.0 A% E BIn AE ~
JUPPURTING PRUBRAM ENTERED.

JYSTEM SET UP A DUAMY ROOT GIVEN BY ZERd.

XECUTIUN CONTINUEDS

'S UBTAINED BY BAIRSTOW-HITCHCOCK METHGO:
X{ 1) = { -0.4425384117548719D-08 , 0.0 ¥ )
X{ 2) = { 0.14455055802946440-06 4, 0.7860179854626189D-08 *1 )
X{ 31 = ( 0.1445505580294644D-06 , -0.7860179854626189D-08 *[ )
X{ 4) = { 0.3466272177458383D-01 4 0.0 *[ )
Xt 5) = ( -0.%56807344859370050-02 4 0.0 *1 )
XU o) = ( D.4227538726046039D-01 4 0.5721434661662218D-02 #I }

X{ 7) = 1 0.42275387260400390-01 4 -0.57214346616622180-02 *] )

X{ 8) = ( 0.9852623371074436D 04 » 0.0 *I )
X{ 9} = ( 0.2031338311967048D 01 4 0.0 *1 )
X{13) = ( 0.1014523575756706D 05 4, 0.0 *1 )
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W5 lvwr, BEEthet KEoprFLuT TR &5 TE
AN, ATt gt EFALANYUTCUEBRUNT, EXO
BELtMBETE, LH1+MPREHEMAL IR EF LT,
NE cADE SRR o 2BKi-s, THI b
Lih 2,

L FRIIXTT 3 B-HZ |

SEREALT, BHEBRT L+ BE0 & WABEITZ 3¢
AT RBEN. LB EY, ’-T%'E’ufi/‘?fﬁtt,‘c'(’% T oou i3,
MHT, 5Ty L, EaMEN, L TiBEETEE W, FET
FRAB1IT 2125+ 630 - 190%3+ 358 2%~ 400% + 200 =0.0

2% 33 B—Hiilzotzﬁ?z"&?;, Bo B, (2,112¢,320)
T"Qﬁ“l?ﬁt:lf-v Tuan, - mZ*E:téX(I),X(Z) 4% 3
3.?mhm,:mﬁﬁmﬁﬁfﬁ%m%vﬁUfﬁ65,
2ER LT, WERMEEM4 T G L <L T% B4
B cHELET BondRETE2ES THRAL, Taosdg
bRBMBEBENNa it 0 THBY, SEY, B-HI &Y
BERUZ-MBIrELL 25T Hh. i 21k TRIEE,
AT 14254 3TA> - 316 2% + 138X~ 111 6X* 110060% — 4060 =0. 0

LT 3B-HT 2. Bo BB, (2,112(,3:0)7T 2 53 @ﬁ;l:’
T Tus, ZMEFNRTE L0 L XU),XD,X3B) Thsri,
HBES2 €Mt tEvcnwsbr, REAREFLETE

$
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TS GBTAINED BY

BAIRSTOWN-HITCHCOCK METHGD:

-

)
)
)
i
)
)
)

X{ 1) = { 0.2000000051619139D0 0L 5 0.0 *]
X{ 2) = { 0.1999999948330866D 01 4 0.0 ¥i
X( 3) = { 0.1000000000000000D 01 , 0.2000000000000000D 01 *I
X{ 4) = ( 0.1000000000000000D 01 , -0.20000000000000000 01 *|{
X{ 5) = { 0.29999999999999960 01 5 0.9999999999999982D 00 *]
X{ 6) = | 0.2999999999999994D 01., -0.99999999999999820 00 *]

Al 26 -1295 +63a4-1902%3 435871 - 400X +200=0.0
O B-Hz20-k A% BoB%1T, (2,122 3+0) 7 XA, X(2) A" DFE 2 12 11733,

viin2, xT-14 24480 A5-316 1 +T38x3 - 16 A* +1 000X~ 400 =0.0
OB-H3#1 & 388 B fBa(2, 2,2 ,1120,3T0) T, X0, X, X@) H™ 3 FR 212

VIR 33. ke ® Rt e 1 50our WELEO,
TS OBTAINED BY BAIRSTOW-HITCHCOCK METHOD:

X{ 1) = { 0.1999982893617020D 01 » 0.0 1
X({ 2) = { 0.2000008553191473D 01 , 0.1481529170570842D-04 *I
X{ 3) = { 0.2000008553191473D Ol o ~0.14815291705708420-04 *I
X{ 4) = ( 0.10000000000000020 01 s 0.20000000000000020 01 *I
X{ 5) = ( 0.1000000000000002D 01 , -0.2000000000000002D 01 *I
X{ 6) = { 0.3000000000000018D 01 s 0.10000000000000000 01 *I
X{ 7) = { 0.3000000000000018D Ol s —0.1000000000000000D 01 *I

Vi3 (1) y RSB E 284 Newton32 (MATRP) U HHELTAT 5 mEAR

do CHTAINGD BY MATKP ©
XC 1) = 0 0.19955955999995940 01, U.U %l
K20 = 1 0.19995995%999995940 01 5 Ua0 %1
XU 30 = ( ualuCeo0utoutoduuin 91 5  0e20006000U0000000D+01 *1
TR ) = U O 1000000 00000u0000 01y ~0.2000000000000000U+01 ¥

X( 51 = { 5edS99868539595595 75 01 5 02999%9995959995640+00 *1
XU 0] 5 e e SueN S das T Ul s —Ueu5%995949999995640+00 ¥]
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B, A EREF BB AL 10, bhFRA - 0o B
T30V REEILT LA, B-HEE & U aPeat i3

ap = (fn-1% Cnoa = CnxCay ) /A

4§ = Bnx Camz = ot (Cna = fna0) /A

A= Cnis -Crax Cos
&> TRELRAD, L0 EHFREA3 TR EE 3,2
Ml r o TR L \c* A=00 LB, T ULZEY>., 2840
BEL, Y2 2ERBTENT BTG, E GL &
A=0.0 v T3, B sftrdzuhrv 3d Thsr, LD
L, ForthubsaTtiads GEELRE, E2 v
Fu, B-HATAT, EBA Y Gy o8 Fet, tutt,
ZOBBIAZ L REEMEn FILE T H AL, max(lapl, lagl) /Y
L0 eh-TOUEY FTh, ohty) 3HEHI-+ 35180
HEaBFTHBONE LITEO, UP L, B-HZ: &,
PKAZ E v, TostRaMR: &, UnsBRIH AT O
2eF, Tt L En B UBRTCRL T,
3.2 Durand - Kerner- Aberth ZZ& (P KAZZ)
DKAZIZ, BYzmAREe" - 29 5 b e¥ .,

Pz

L W) [(%)
T (%; -Z;)
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Zi =R -
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e 3RBeEMATN, Vooa v, Zi—oi Ci=l,..m)
Paiy=0.0 v 335 2THA. DRAZ G, KIKUWE M5 & v,
o biEe By .%ﬁ%‘h"gﬁ Lhru xwd Bptl <t
Mttt 7. 0B %Ed, n TEITIFEYFE AL Newton
ZThY, B 2RIRES B, LH L, ko Bu ta b
L T3, B o> WM ecBuw v us -Vifé' 4% ¢ ¢
7 o ROOTS-PACK TW, SBRE» EfL 5 v, BFAi2RIE o
SR, MEE BB A LT LS,
3.3 4§ £ Newton 32
L EREHL TRB-HA 3B BouBEEBRE T Fu 2
tBEE LT, PKAZIZ & U ,PoO=0.00 B =% BHR 15 »
Tk, VAN GAERGAE B, BHREIF 7 3BT L Tt
WEIT2 2 MErsmsmtusa, BREG I, E< T Ha
Bup, BoKEcdkAS T ARBITI RO, 22 T AR
Newton3Z @ ROOTS-PACK TR T LBt T, 9 FR ML
T+ AR BNewtonZE T & B . Poo &t = Taylor BB 3 3 ¢,
Pa) - P(o()»rg}—f%i(-’—ufa)‘
Pay=o0lz% u T, 1af mEBR TH32 3 51,
P)=Pay= > =P"d)=0.0

LY, x=do TAE-
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P™ )

() =
P —

(2-00)™+ O(o-arm™)

1oz eh s, A E (Pa)™ 2z 9, | ANewnnFi E m
FREBAL ERE, BolRa, REBREomw L83
T TERO, BT Pa=ooH 2 8iBAEY 28, Pwo
ERAR PO & 3 Plr=00rud AR £ 13 dt BRI ¢ 5,
~fL 2 Par=0.0 f)""mé?ﬁd Tt > B P™ =00 17t BB

=% >, ROOTS-PACK T W u s Newtoniz 1%, A Pa=0.0
7)“‘, m?*&_{ - =F

Cl(f'\ = A - _~__.___—_P LWH()X‘)
P (o)
L& 3Newon3t4H 55t 0T hs. FLXERRH B
BMAMAC s> Tus, Thhs, Poo REEHH L,

Pa) = (x=d)™+ 1 (x—d)"™" 4 <+ + ¥n

P(Yl f)

v L & 8% Ve = _______Lg(_g 53, v
(n-H) Aiey = A7~ Fatew
c; 5 T -m>x M
tInFru, 2P RONTECBBOKEZ L3 THEY,
A " m-1) )
S0t 13 ];w”(l‘) 2 % |=P (P=10"")
‘ 2§, T w3,

1’#?’:/1@&,1‘ g‘%ﬁ&%l s h A T vilz L Tu3
B, R EHLTIE, 2 ihdy oBBHRAwE 7335,



148

B 3 xb-1200+ 63xF - g0’ + 358%%- 4000 v200 =0.0
EB-HET I sNewton BT ELERTE S, Mt Eus
FEo o (2,112¢,310) T2 2FRTHD. B0 T,
X eX(2) A"z heciicl Tusn,

4.38 % o IR

ROOTS-PACKO® N . 5> T WA AR B-HZE T & BN, B-H
FE o RANMBEZIH It 0T S G0, YRET 0
VRLIEE3BEA R oKLt L 205 T e TR A,
ML 0B N Ao, MR- 0w 1ZERBILGL G, Bifho
hIwt ab s fhtohd, MELORLKREYGLHEY,
3RE 01K 4 b 12972 5 B, ROOTS-PACK T 13 fG o $143F
BEAGEO, DEC O FHEaREELALTY T h, ThiE
GedawEt ol TIaBLE, BHMBo gL T
Lo IRETHED GAEE B-HEoMEMMEL LT 52% 2
PEE Lo, RABEE D, ZER-DIV. I5- 0 & v 30 3,
P,y ofEME v L T 0.0ER U E 7, B-HZr-M$3Ey, =
O A8 13 %0 BH 4B DRE L3 BB EMRL Tt uaksie B
ho LToad, WIBLL T00ESZERE, FrL o
%%fﬁﬁtﬁuzmﬁe%agmim1m4:Lﬁ%&p
FYmh, ER L TEAH, RUBEI: ZBEoML T o, #

By Eatee Biotont 7835 LE, TEEC B, B

2
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L EE3EB-RHEET, 3FREBLTIWEL LS, f@;
bin B0 EET BEu, BEo B oMmBTRRT LS, A
Tﬂﬁ%@l:ﬁ?%%@ﬁﬁzhzﬂﬁut N B THHH. L
P, Sro FRRTE, BRRBELEVETRE, HBo M
Eﬁ*%iMYFL1<6i7ﬁJ%@rwﬁo1’\Luﬁu
HEo Bt Mﬁﬁb‘/ahmF/‘im 230t 0dpELEs 12
ﬂ’mbﬁthﬁﬁzﬁi7iﬁé BE o Boft UFEH
HELEFL O, imﬁmZBmﬁzﬁﬁm<§mE%WL
Tusy s BRERG S Emiﬁk

5.R00TS- PACK 0 Pk

ROGTS-PACKMY T v 1T - :ﬁ%ﬁ& M%E M1 7.9 . ROOTS-PACK
I3FGRTRAN 7°0 75 6oy CALLY 1= & > THIPEER 9 ¢ % x,
XA > L=k Y — o RSIPACIE dummy arvay & 04 > 4 o F1 BAs%
CEA47%, A, RoOTS-PACK N %31 >+ o ~ L £47% 5
RPSVC N3 L 12#IABE h & T.RPSVCILTF a AT o4 7 1L —
4 oEHET RISVC A B W bk, #AFa B, Rpsve
9 bﬂﬁﬁﬁ T HEao ?ﬂi/fﬁviﬁﬁn, WEARE T £y o 5CFER
ii@ﬁ? 3, B, B-H 3%, DKAz%, Newton£% @ E 1= f
Cxfgunt, BREoBEL RN 3 2 EN RN, Tw i
A5, SL5MEI AT FERAG 3 TBHIABT K,

WELBH-. EBEe, BEPEWIRBERL S, L3 AT



Waheol |
WILSS | o RRRIR YV TE Xz % ST TV
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WdLOY © —GATL X “GALLIBE (F=1X ,:6 
eI @7L.LO.L NVILYOL ‘Bl OVd1QY
HLNAS LLO0LCL=AL OLE/S 1 &
. EIURE = - 4% o
EVd X Biioryhe
:ddvia ‘3384
px 448
FULMNEE | [ TESHEY VNG - oErgig@
:NQIVEN [ ] :LINDIG 1 P01V
IV E A UK
EVIMN O b o1 %S Capyin B N Md-51e0d
dYLWW JIASHY wu<&.m¢
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YAEEHAY T POUPH -1 S Avg
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WEMe s hB, RELAED, sMBriL, WEREE
tﬁlikﬁabauipnﬁ;ﬁm%h&lgtighﬁ
W I‘J‘“m B &= 'ﬁ-z Aberthan b 12 & , T ?‘BHH/{LE 3R L DKA
SHARuL h2d> uho T Ush, -
N T | "

RoTPAC (n, A X,R) RGBTS-PACK ) X 4'* E _/Di,hf') —. Ra
RPSVC ’(’fETEIﬁE o BME T E > E b, dur};}ny
armymm’x( =4 o WA %. T . 2 %9 FORTRAN
7007 A mz %’nu E"c ‘9 mr Ewuzﬁy T xn 1*’

,/1' /92 11-L 7, )97 x—/y \)zp z% 4%13,,

-

4%¥7L L'(\\Sn P \.Z I, (arm)rn A X, R)L w3
103y~ 4 7~+- Efffiﬁi,l, «AmRPSVC/\%l\’f‘&M ,f!i?

RPSVC ( ARRAY, N, A, X, R) Ro5Ts-PACk E5AEM AP r b 5 L

G z:ix: ROOTS SYSTEM SUBROUTINE PACKAGE r:irzzzzrzzzzzzzzs
£ $3::: ROOTS-PACK SUPERVISOR & CONTROLLER :szz33zzzsissay

SUBRDUTINE RPSVC{ARRAY,NsA,sX,R}
COMPLEX*16 X{N),CDUMMY

 REAL*B  A{N),R{N)
INTEGER*4 ADDR1&,ADDR1,ADDR2,80UNDL,BDUND2
LOGICAL *1 ARRAY(l) CONVRP,DKASUPy ALLDEF

'SAM\ETEEEN nET%E LENGTH RA FTH3ICI D,

RPSVCIE  ALLOC tnfr B (229 caL ALLoCW(“l:]‘ENﬁTHi
ADDR16) ) AR l”;F n, I ba‘]Fm ADDBI(: %Iﬁ’ h ‘v |
LENGTH N4 F 0 f nl%iﬂtﬁ‘ﬁ'ﬁ Lo, i o Ak B 1=

ARD O TEH B, EEL, dummyarmay o ARRAY 13,
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( repsvc )

AZRREECHE. 0
B4R
ALLGC

¥ ) gﬂ'@m %& 3,
- 3P BLIE N mIBT

ferr=o0

| BHRP

MATRP

hest=0

ho

ROOTS-PACK:
RPSVC J0-4+—F )

AR IR o BMEPLASE o BB,
BE 3 o, AEoiHD KERa LB A TR L
OSBRI FLE,

4B hLWERe, BRI £ ut

AT B,

SYNTH

DKINIT ﬂ

DKARP
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(.resveses )

ESTIM: %0 SHi

) RGOTS- PACK
—9e
n

Ry : A 12pL L

Tl

RPSYC 70-%p—k (1)

M‘me.
2Za¥7°~ &

true

: E Jole L .
MARo thEe 333

DKA2ZL K s
RECTRLEREIRE, |

ﬂ DKARP :DKA 32

Ahnto o A iHD

FREE‘E@EIKM

(end RPSVC )
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RPSVCATH I KA P O BRETHS LEFLTHD
Eb, t0 72085 aRTH, By 5T ERAELR
R tuBATIs0., FRARORML L T4
AR33i=l, 1‘,\5 P 7"IIL—- ¥ ‘“f_'bii;ra“75< zlat 7&
57 L, RPSVC "C‘lﬁlw m}r‘ v 7}’0 ‘)“lL -9 > “AFH w
1u§.?oﬂrfm’&/n-1ﬂrH%L1&%

A, X m'f@r. ﬁ*ﬁ&?ﬁ% W on Z ‘%Iﬁ‘*&' " CBN\} ’E,

HKErRELRDRERAMTS 2 v 3T 1; w

~ > e o v »

£ 3333 DURAND-KERNER-ABERTH METHOD FOR SOLVING ALGEBRAIC f’JL’ATIG*‘iS i

SUBROUTINE  DKARP{NsAy Xy ZyCONV, ITRLMT)
COMPLEX®16  X{N),Z{N)
COMPLEX%®16 UaV,CDyDX
REAL#8  A{NY
REAL*3 THRESH,ROGF,EPS, DUMMY
REAL*8 DREAL,DIMAG ‘
CLDGICAL*1 CﬂNV(N),ALLJEF

N (558 & L%‘L)b\“/@!\z, 3 10 }3 > ,T,, r 7-) ?.x T, RPS‘VC
KN T DKARP Uﬁ DB EER a5 12 F e L

LENGH = 16*N + N » |

CALL ALLGC (LENGTH,ADDRISL)

ADDR1 = ADBRIG + 16N

CALL DKARP (N,A,X, ARRA‘((ADDRlé) ARRAY(ADDRH,IOO)
CALL FREE (LENGTH,APDRI6)

a%tﬁﬂﬁmmﬁg&;iu%ﬁ,iizmﬁ

[«7; L 7(m7 r)th L{"_L zu%TU‘C mﬁ -

BEE T 5 U o _b mm |:t ARRAYL W Et&n mADDRlb %
WHD N KA N €7 B =, ADDR] BICH 5 N4
b £ CBNV Ak By & T 'TiAﬁrl?T“& 7a.‘ -Apbms mim %ﬂ'

S
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Fh3d 2 M TE B, TEHEERAZTo S 5 1 58

[ > B8 5 Vi

4 ; b 1tanset —
1 CARRAY M.‘%‘A ) : ; ADDRIb

"‘vh‘(LlﬁARRAYH)l:,lTD’)“'Amiﬁél"1)\'H-
WFUWQ«uvzusﬁ“Ammma 3y ¢ DT
AL T - N 35 PL TU 3. ADDRIG m4EIJ7T’
),-—7wTulu%ﬁaﬁnﬁ‘@?ﬁnxLiﬁm—ci3@5
?t”nm%ﬂl m’c&,’é

ALLSC (length addr)  GmRERBRC - 4. FAIE

oo

o AP AT B 4\en91:,h1\“/{ oo R E /B‘Eﬁ?’a
FREE( ley\gﬂn adchr) , 'ﬁnﬁb = ‘l%-ﬁﬁﬁl#i I 4, 4 ?' . B I aﬂt}%‘
ABMIREA TN, AWBCTERD BT T oddr%mh 5,
B 1 \eng’ch)\“/( + m%ﬂdﬁﬁi?ﬁi}i? 73
BHRP(nAchYY) é%iﬁﬁﬂ’%ﬂém err=0¢ L TN YL,
| CALLL,TS.Ud'\I?} 575“ &7795’4 ﬂ?%mﬂ»o(_
73 > ’Cﬁﬂlﬂfﬂ’ff“ﬂ‘l Vh";b‘“,r T 5 ,/B’l’Jlﬂ ien=f x 75,_ :
,Iﬂnzma :mﬁim 4%m%n$ 2 < 5 %,
MATRP (n,A, %,Z,nest) C MENewtonE N L-4. BEC
PLEEY-Z 6. 1o, KR aq;‘m;, 5 ii%
| PHEMEGL B U, 2 -s’r% Ao E N, nest iz I;t

iﬁm%@ﬁﬂX§f§ﬁﬁﬂibﬁﬁ B

16
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Nest=0 . Tw b T h THN T B,

DKARP (n,A,x,z.,can,;Te}s') KA ZZH -4 o, BAETHERT
3HmB 0, cAL T3 Hik BNV = false. c(;l,--.ru
CMBRMBES Z TN B o TR E L, T AT 0
MEAu W EBr GNVWO=.tue. L5, T MR
T3, & L, BN = false. 5 1F, Xty B F BT
hHh, itersiz1—H- HIERI 3 548K,

DKAINIT (n,A.X)  Aberthd % 35 1= & S DKA % o M BREEXE

. BAMA0 RBR O RY B L IEL A TEO,

SYNTH (N, A, X, iroot) Les 3R BELLABGY. At
G¥howy, BEim iRz anne T, 2R
R 3FBEAETY. mt R BB LE T o R,
ThhY, 2RE EL2EFI3IEKE THNE wt=2 Th
Bone BRR IR Ao X0 R¥H N, LEHT R
%

ESTIM ( n,A,X,R) Smithd BB 1= & v, 48 M EAE ¢ L ¥
I3 -4%Y. Rto B Xw o 3¥1HAB.

QUAD ( p, 4, ,42) 2°RH BT ’l’fpi’rﬂb= 0.0 T FA<H »™ 1L
A Il I TN T Y

NEWTON ( n,A, %, iters) R NewlonZHh »* n- 4 . \‘%ﬁ T Bu

218410, 2-V-BAo MBEBEHELTFH B
| -
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PR 1EHbL % e Hers3BBE4R 30 By LER
BED A3 . WRLBH >, EHRER, irers=ort »

FIRTRD THOB

r B8 h: 3527 o 203 Cinteger » 4)
A: BEEET BRI (real 78)
X: BRH N BEE ( ompiex *16)
R: F&o $F4BAB A" A 3 TeAn (reals3)
ARRAY: dummy array  Clogical +1)
Z: &% M5 ( complex ¥ 16)
CONV: 1R ¥1' A B2 511 ( logical 1)
L: MATRP, SYNTH T 13 ¢ complex 716
NEWTBN T° 13 ( real #8)

Y42 (cow\pl&x x16)

«2°h '35 4

ME 1=, RGOTS-PACK 0 °D 75 L 35, — ekl <&
{. T8, FORTRAN W (Gor G1) Y IBM System/370
TC>7rSBEETHD. GETMAIN, FREEMAIN I3ARTR T 524k o

Mt B3 B0 DHFAR T h B,
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FILE: ROOTSPK  vMASH A VH/370 VERSTION 05 PLL.12 LTR.512 WASEDA UNIy,

Tk gk gk kR ke Rk kR kR R R R Rk kR Rk ek ko ko ok Kk kR kok s ok ook kR R Rk ok Rk

¥ *
¥ ROGTS SYSTEM SURTQUTINE PACKAGE SYSTEM/370 ASSEMBLER PROGRAMS %
g ¥

Fokkdokk Rtk rkokdok Rk ek akdookk R okok Rkok Rk kok R kR kR dokkkk bk kR Rk rkkdkkkx ok kkkh
¥ MACRO DEFINITION

MACRD
REGEQY
20 EQU 0
?1 EQU 1
22 £0U 2
23 EQU 3
4 EQU 4
RS EQU 5
R&6 EQU 5
27 EQU 7
R8 £QuU 2]
Rg EQU 9
R10 EQU 19
R11 EQU 11
R12 EQU 12
R13 EQU 13
214 EQU i4
R15 EQU 15
MEND
* SAVE REGISTERS & SET R12 AS BASE REGISTER
MACRD ’

&LABEL SAVEREG  BAREA
STM™ 14,12,12113)
BALR 12,0
USING *,12

ST 13, EAREA+4
LR 15,13
LA 13, GAREA
ST 13,3(15)
HMEND

* RESTORE REGISTERS & RETURN CONTROL T0 CALLER
MACRO

SLABEL  RETRES  BAREA
L 13, 8AREA+4
LM 14512512(13)
BR 14
MEND

CONTROL SECTION BEGINS

USAGE: ROTPAC(N,A,X,4R)
gTPAC CSECT
EXTRN RPSVC
REGEQU
SAVEREG  SAVEAREA
* GENERATE NEW PARM-LIST

x®
*
%
*
R

MV NAXR{16) 90(R1) ¥SUNERATE PARMLIST
LA R1,PARMLIST *31 = ADDR OF PARMLIST
L R15,=A{RPSVC() ¥10AD ADDR OF 'ROSVC?
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FILE: RODTSPK  YMASM A VM/370 VERSION D5 PLC.12 LTR.512 WASEDA UNIV.
BALR R14,R15 ' %SUBROUTINE CALL

* RESTORE REGISTERS
RETREG SAVEAREA

‘ LTGRG

* SAVE AREA

SAVEAREA DS = 18F

* PARAMETER LIST

PARMLIST DS OF *PARAMETER LIST

ARRAY e Frye *SET ADDR OF DUMMY ARRAY
NAXR DS 4F  x=REAL PARMLIST

%

o END

¥

% YIRTUAL STORAGE CONTROLER
* USAGE: ALLDC ( LENGTH, ADDR )
ALLOC  CSECT
* SAVE REGISTERS

SAVE  {14,12)

RALR 2,0
USING *,2
¥ GET VIRTUAL STORAGE
LM 394,001) *L3AD ADDR
L 3,0(3) *R3 = LENGTH
GETMAIN R,LV={3) *GET VIRTUAL STORAGE
ST 1,014) *STORE ADDR

* RESTORE REGISTERS
RETURN {14,12)

END

%*

% USAGE: FREE { LENGTH, ADDR )
FREE CSECT

¥ SAVE REGISTERS
SAVE (14,12)
BALR 2,0
USING *,2

* FREE VIRTUAL STORAGE

LM 3,%,0(1) =*LDAD ADDRS JF PARAMETERS
L 3,0(3) : *R3 = LEN
L 4,0(4) R4 = ADDR

FREEMAIN R,LV={3}),A={4) *FREE VIRTUAL STORAGE
* RESTGRE REGISTERS
RETURN {14,12)

END
3
£ GET REAL PART 0OF X DECRARED AS COMPLEX%16
DREAL LSECT

L 1,001}

Lo 0,0(1)

3R 14

END
%
* GET IMAGINAL PART OF X DECRARED AS COMPLEXX®1A
DIMAG CSECT :

L 1s201)

LD 0,8{1)

25
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FILE: RODTSPK  YMASH ‘ A; VM/370 VERSION 05 PLLC.12 LTR.512 WASEDA U%{ng
BR 1 e T
END
24
FILE: BHRP VMFGRTv A VM/370 VERSION O5 PLC.12 LTR.512 WASEDA UNITV,
C 23223 ROJTS SYSTEM SUBROUTINE PACKAGE 333223232333 33333233332333333382¢2
C :3::: BAIRSTOW-HITCHCOCLK METHOD :szz2s2ssszizesssessssssssssssdssssssss

SUBRDUTINE BHRP{NyA, Xy IERR)}
COMPLEX*16 X{N) ,
COMPLEX*16 Yl,Y2,0D,U,V
REAL*3 A(N) o _ o o
REAL*R PyRQeDyDP,DRyPB,QB,PFQF,B1,82,83,01,02,L3
REAL*8 EPSyTHRESH,BASE,BASIS,DUAMY
REAL*8 DABS,DMAX1,LDABS
LOGICAL*]1 EFFECT,LAST,ZRDIV,SUPPRT
L 33322 EXECUTION BEGINS 2::21::
IF { N +LE. O )} RETURN
C 33233 INITIALIZE 22z
1LAST = ,FALSE.
BASE 1.0D-12
COUNT = O
ITRLMT = 100
M = N
D =1
SUPPRT = I1ERR .EQs. O
IF ( «NUOT. SUPPRT ) ID = IERR
{ERR = 0
G = 2.0 7 FLOAT( N )
PF 1.0D0
QF 1.0DD
IF { A1) LNE. 0.ODO ) PF
IF { A(N) .NE. 0.0D0 ) QF
o 3338 BRANCH 13333
250 IF { M -~ 2 ) 580, 470, 300
233 DEFINE P & Q s:33:3
300 EFFECT = LFALSFE.
p 0.0DD
320 0.0D0
Q9 = 0.000
= M - 1
ITERATIDN 23333
ROIV = FALSE.
BASIS = BASE
MORE = ITRLMT + 1
DO 420 ITER = 1, ITTRLMAT
. THRESH = DMAXL1{ DABSL P )} , DABSL Q )} ) % BASIS
370 B2 0.000
2 0.0D0
33 1.0D0
c3 1.9D0
D0 380 I = 1, K
81
C1
B2
L2
83
$3
CONTI

o

Al1) = G ,
DABS{ A(N) ) #% G

o

e

[{ Y

D
K
z

360

[ I TR

Lk
o)
o
[
R R G | § N I T 1 B 1]
It
5o e
W

L
hE
-
[ ]
o ]
[
[ ]
m
T
“ry
e
i
o
s
i
b
=



SILE: BHRP VMFORT A YH/370 VERSION 05 PLC.12 LTR.512

e

390 DP

i

-

Bl - P % B3 - Q % 82

C2 * €2 - C1 * { C3 -B3 )

D JNE. 0.0D0 ) 59O TO 290
CZERD-DIVINDE CONDITION RAISED :::3::
IF { EFFELT ) 60 1O 390

IF { ZRDIV ) GO TO 450
T U7ROIV = LTRUT. '
P = PF
Q = QF
G0 1D 370
= { B3 % 2 - Bl =C1 ) /D
DQ =1 Bl * C2-83 % (C3-383))/0D
EPS = OMAX1{ DABS{ DP ) , DABS({ 92 ) )
IF { ITER .6T. MORE ) 60 TO 500
400 - IF { EPS .06T. THRESH )} 60 TO 410
MORE = MINO{ ITER + 5 , ITRLMT - .10 )
PR = P
@B =q , |
IF { BASIS .LTes 1.0D-30 )} GO 1O 500
~ BASIS = BASIS % 1,0D-02
GO TD 400 ‘
410 P =19 + DP
Q =G + DY
420 CONTINUE

232:: THE GREATEST ALGORITHM ::::3

CALL QUADIP QXL ID) 4 X(ID+1))
IF { { JNDT. SUPPRT ) LOR. { EFFECT 3 ) GO TO 460
EFFECT = .TRUE,
P = -xX{1ID)
M =M+ 1
GO TO 329
T3 THE LAST THO ROOTS FOUND s:2:3:3:2
470 PB = A(M-1)
QB = A(M)
LAST = ,TRUE.
23323 QUADRATIC EQUATION 13232
500 CALL QUAD(PHB,QB, X{ID),Xx{1D+1))
IF ( -NDT, EFFECT ) 60 T3 540
X{ID) = X{ID+1)
1D = ID - 1
540 ID = ID + 2
COUNT = 0
M =M -2
iIF [ LAST ) 60 TO 5990

BT

v bed )
i al ot
s = 1 H

o
Lde

. »
- .

33333 SYNTHETIC DIVISION zz::::

B2 = 0.0D0
B3 = 1.0D0
NG 570 I = 1, M
B1 A2
82 83
B3 A{l) - P % B2 - Q * Bl
A(I) = B3
570 CONTINUE
G0 TO 250
23233 DONE RCOT FOUND 22233

iouou

161

WASEDA

UNIV.
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FILE: BHRP VMFORT A VM/370 VERSION 05 PLC.12 LTR.512 WASEDA UNIV.

580 X{1ID) = —-A{1l)
I = 1D + 1
590 IiD = ID - 1
700 RETOURN
$2123: ERROR EXIT z23:1::
450 ID = -1D
460 IERR = 1D
RETURN
END

Y
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FILE: MULTRP  VMFORT A V¥/370 VERSION 05 PLC.12 LTR.512 WASEDA UNIV.

C :23:: ROCTS SYSTEM SUBROUTINE PACKAGE ::3::233zzzizsszsssssssssiszsssas:
S o233 MATSUMUTA'S ALGORITHM: NEWTON-ITERATION FOR MULTIPLE ROOTS z::::
' SUBRBUTINE MATRP(N,A, X,B,NEST) . ~
COMPLEX*16 B{(N)

COMPLEX*16 X9SAVE,DX,Cy VALUE,DCMPLX
_REAL*3  A(NY

REAL*B  THRESH,EPS,BASE

REAL*8 ROOF,0OLDEPS,HEAVEN

REAL¥8 DREAL,DIMAG

INTEGER®4 DASH,STATUS,STHOLD,HOLD
TLOGICAL*1  FLAG,PERMIT,FIX

t: INITIALIZE :3::3

-~ » e .
- * e

FiX = NEST .NE. O
IF { JNOT. FIX ) NEST =1
ITRLMT 30
STATUS = 0
STHOLD 7
. SAVE = X
"L zis:i: ITERATIDN BEGINS :12z2::
DO 200 ITER = 1, ITRLMT
HEAVEN = CDABS{ X )
ROOF = CDABS{ X ) * 1.0D-08
THRESH = {DARS( X ) * 1.0D-12
C 33333 DEFINE FIX) s::::
C = 1.0D0
DO 110 1 = 1, N
C = AI) + X % C
Bty =Cc
i1o CONTINUE
23333 DEFINE F'{X) s:::
T DO 140  DASH = 1, NEST
K = N — DASH
L = 1.0D0
DO 130 I = 1, K
CT= BLIY ¢+ X x ¢
: B{I) = C
130 T T UUCONTINGE
140 CONT INUE
o ' DX = BIK+1) / { B{K)} * DFLOAT(NEST) )
EPS = CDABS{ DX )
TIFTL O EPS JLE. THRESH ) JAND. {ITER .GE.2 )} Y} 60O 7O 220
2:: TEST AS IF F'(X) EQUAL ZFRD OR NOT :::1:: ‘
T ' PERMIT = ( ITER .GT. 10 ) .AND. { STATUS .5T. STHOLD )
& <AND. { EPS .GT. ROOGF ) LAND. { NOT. FIX )
& JAND. { EPS LLT. HEAVEN )
IF { JNOT. PERMIT ) GO TO 150
e STRTUS = g et )
NEST = NEST + 1
150 STATUS = STATUS + 1y T T
IF ( EPS .LT. HEAVEN 3 53 T2 170
STATUS = 0O
STHOLD = 10
IF { NEST .GE. 2 ) NEST = NEST - 1
DX = 0.0D0
170 X = X - DX

u‘ o

-
.
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i

FILF: MUJLTRP VAFGRY A VM/370 VERSION 05 PLC.12 LTR.512 WASEDA UNIV.

IF {DABS{DREAL(X))LELTHRESH) X=DCMPLXI{D.0D0,DIMAGL X ))
IF {DABSI{DIMAG{X)}).LELTHRESH) X=DCMPLX(DREAL{ X )+0.0D0)
200 CONTINUE i
210 NEST = O
X = SAVF
220 RETURN
END
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FreRUEP?07 5 & 1% ROOTS-PACKOAFT AT & A .

C 23233 THE ALGEBRAIC oQUATICH trissIiiioaIssdsIsiIisisirsrriiiisoac
COMPLEX®LS X(52)
REAL¥E A(D2)4R{52)
£ 33233 EXECUTICN BEGINS zzz3zzsessszsszssasaszrsssssssasssssszszazasazs
10 READ(5,10080,cN0=450) Ny lA{I}),I=1,N)
WRITELS,1002) Ny {I,A(I)y1=1,0)

{ - i s . . e o e o i A S e e - T . 2 S O i e . P o e S e e B . o et e
CALL ROUTPACIN,A9X,R)
WRITE(6,10006)
HRITE‘%)IGO?) (E,Xil),ﬁ(i),lzl,%)

{7 e e B e
GL TC 10

450 STCP
1000 FORMAT(I2/(4E20.12))

1002 FUORMAT('1%,*RCOTS SYSTEM SUBRLUTINE PALKAGE: ( VEERSION 1.0 )¢
L/ Vo, N EEN 4+ AL EXER(N-L) + .8 + A(N) = 0.0°
a/ L] l,iN :!'13
&7 R /{EXy YA 413, ) =14024.16))

1006 FORMAT('0?', 'ROOTS OBTAINED BY ROTPAC: ')

1007 FORMATIL Y0 005X " X{ 9129} = (' 3D24.169" 3%9D024a169" %] )
£, 10X, INR|PIX)/DP] =',D%.2))
END

A1, RoOTS-PACKd CMS I2&d 0 T, BL BT« 2 7 TAER L
TUB, T7Y17FT30 k25 3T, BAAan By 2 T
529> Hqh, 4120 -7 I V7 S h3F T
W, 51%, RPSVCOTRERE », F4 o MEE, % < 0 32201542

h T3 BN, ROOTS-PACK #Y, 54 0o 771 — 46590y 4 - ¥

o
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