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Ea11qea B~U •. Pll - 9677 

ITporpaMMa'/qncneirnoro .fIHTerpupoBal;llH! 38JHl~U. Kowu JlJ1l'I ii~s;TKUX· 
. CHC~eM o6~IKHOBeHHblX /lUqJ:pepeHUH8J1bHbl;_ ypa~H8Hll.ll , . - .. > ,,.• ., ... 

" "' . ; ; 

flpllBO/lllTCSi. a'anu~aHHasi ·Ha. Sl3bIKe ¢OPT·P AH np'orpaMMa qucne~HOI'O UH-' 
-rerpupoilaHn SI 38J:iaqu Kown /llll'I. JKeCTKHX CUCTeM o6t,rKHOB8HHhiX Jlmp¢epeHUH8nb 
Hb!X: ypaBHeHnfi.; B aefi .peanusciaaH ·(i6o6me~ilblll MeT0/1. Pyiire-KyTTa, npe11no
JK8HHbJi1 noyc0HOM;. B ~OTOp~fM' MaTpuqHaS! 3KCilOHe~T8 anrrpOKCUMllpye-TCSI C n~. 
M0IUblO pasnoJKeHHl'I noKa3aTenhHofi .<PYHKUHI! B Henpep1,rnay10 11po6b. Tiporp~~Ma' 
ouea11BaeT. noKanbHY!O .own6Ky ·yceqemrn: 11 11cnom;,3y'eT nonyqeHHyJO oue·HKY 11m1 

• I l -; ' ; ' . ' . ·, •• -

8BTOM8Tl!qecK0I',0 ·a1,16opa BeJ111ql!Hbl wara I! IlOpl'l)lKa annpOKCl!MaUl!I! MaTpl!q-.' 
non 3KCnoHeHTbI., , . , . . . . · ~ . ,, . ' ' 

- ,' ' 

' Pri6 oTa ·BbmonaeHa B ha6opaTopirn •a1,1qucn11ienbaofi TexanKn n. aaT0MaT11-
,3au1111 ,OlilHl1. · ~-
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A Subro1,1tin'e :for. th'e. N~merical Irife)gration 
·oT.the Cauchy Problem ior~Stif~ Systems-. 
·of Ordinary', Different•ial Equations . 

''A,Fortran subr~utine for. the ,numerical: integration 
of the Cauchy proble~ for .~tiff systems ~f ordinary dif-
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B nporpaMMe GERUN p08JIH30BaH A-yCTO~HBHM aJirOpl'ITM p0L'l6Hlffi 

38.u,atJl'I l{orrrn: ,IJ)1fl ~6CTIUU H0:µ.!8Jll,HUX Cl'ICT6M 06:E,II(HOB6HHIDC ,JJ,IBfq:epeH

qH:8.7U,HUX ypaBHSHl'lii nep1mro nopn,rom B o6meM cJiytJae, 1<0r,na 6oJII,nrn:e 

C06CTB6HHHe 3H8tJ6HIDJ MBTPHI!H flR06H MOryT· 1™6Tn HS TOJinRO 60JIDilll'l6 
OTPHJ18T6JinHH6 B8U{6CTB6HHH6 tJ8CTl'I/I/. IlporpaMMB H8IlHC8H8 RB Jl3IIB6 

WPI'PAH,n 00 MOl!IBo H0nocpe.ncTBeHHo npHMeH.Hn Ha 8Bl.l c.nc c0pm1 

6000. OHa HCilOJIMyeT nporpaMMy REGN ,IJ)1fl p0ll6Hl'IJ1 CHCT6M _ypaBH6Hl'lil: 

Ha OCHOB6 P6I'YJIRPH30B8HRlilC HT6P8Ul'IOHHL!X npou;6CCOB raycca-HDIOTO-
Ha/21. ·, . 

B OCHOBy p08JIH30B8HHOrO B GERUN BJirOpHTMB Il0JI0~6H o6o6meH
HWi M6TO,n Pyare-KyTTa, npe,lVI0~6HHilii JioycOHOM/3/, B ROTOPOM MBT
PHTIHBR BRCilOH6HTa annpoRCHMl'IIJY6TCR C IlOMOil!DID p83JI0~6HIDI IlOR838-

T8JIDHOil: ~YHRmtl'I B H6;pepimHyro )U)06n/4/. AJirOpHTM Il03B0Jlfl6T IlOJIY
tJl'ITn OD;6HRy JIOI<8JlnHOii omn6I<l'I YC6tJ6HIDJ, ROTOpan flCilOJIMY6TCR B 

nporpaMMe ,IJ)1fl 8BTOM8THtJ6CI<Oro BH60~ B6JIHtJHHl:,l mara l'I IlOPf!,nKB an
npOI<CHMBIJ,lm MBTpl'ltJHOil: 3I<Cil0H6HTl:,l. }JJIR 03H8I<OMJI6HID! C BJirOpHTMOM 
nporpaMM1:,1 GERUN Mll OTCWI86M tJHTBTe.rur p/I/, r.ne .u.aHu !I peayJinTB

Tll H6I<OTOPWC tJl'ICJl6HHllJC 3I{Cil6pHM6HTOB. 3,necn Ilp!1BO,nl'ITCR TOJlDI<O 
OllHC8HH6 nporpaMMl:,l. 

Qimcamrn n:QQ.!11_aMMll 

IlporpawAa GERUN IlPHBO,nl'ITCR B IlPIDIO~6HHl'I. Oaa HBXO,ll.llT tJHC

JI6HH06 pemeHH6 38.u,atJH Koml'I ,IJ)1fl HOJX~BJlnHOil Cl'ICT8Ml:,l o6irnHOB8HHWC 

.nmtq:epeHLU'IBJlnHWC YPBBH8HJra 

1,=~(t1)) 1lto)==10 
r.n0 1 H { ){ - MepHl:,16 B8I<TOp1:,1, no q:Oµ1yJIBM (4) t (5)' (6) B/I/ • 

(I) 
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GERUN HCil0)ll,3Y0T 19 no,n;nporpaMM. Ilo,n;nporpaMMa EXCON BH'Il'ICJUI0'1' an

npORCilMaurrro MaTplflIHOft 3RCilOH0HTll, l'ICilOJII,3Yfl ,IVIfl STOH U0Jll'I no,n;npo

rpam1y !NVR, ROTOpaH c noMorru,10 REGN o6pamaeT MaTPHIUl F 1.,•nHi. 

B (5) H3/I/. 3aMeTHM, 'ITO B CJIY'lae JKecTRl'IX c11cTeM MaTpnnu Fl,,.+1 
OOWIHO .f!BJUIIOTCfl IlJIOXO 06ycJIOBJI6HHllMH/4/ H IlOSTOMy l'ICilOJ!n30BaHH0 

nporpaMMll REGN flBJifl6TCfl U6JI0C006pa3BllM/2/. Bll~'la HBq;oµ.,amin ocy

Ill6CTBJl.ll6TCR B OUTP • Ilo,n;nporpaMMll FMMX H FIIVX C IlOMO:Jln!'.J VIFD Bll

'l!1C.7UIIOT npOH3B6,JJ;6HH6 .ICBYX MaTpnn H npOH3B6,ll;6HI16 B6RTOpa Ha MaTpH

uy. 
%p~aJinHH6 napaM0Tpl:l GERUN H 8Jl6M0HTll 06 OO~I1X OJIOROB.GOVl, 

GOV2, GOV3, GOV4 6y.n:eM nasllBaTn B .n:aJinH0Hlli0M nap8M0'l.'paMl'I ynpaB-

JI0HHfl. C I1X IlOMO!J.lnlO MOJKHO peaJ!l'ISOBan pa3JII1'IHll6 M0~.1mamrn: aJI

ropHTMa OERUN • JJ;m ynpomeHHfl npri sa~HHH MO,JJ;uq;mmmnt nporpaMMll 

GERUN npe'.nycMOTpeHO CaMOynpaBJI0Hl'l0 H6ROTOPllX napaM0TpoB ynpaBJI6-

HIUI, T.e. aBTOMaTH'I6CROe npncBaHBaHHe CTaH~PTHllX 8Ha'l6Hllli (cM. 

npHJIO)K6Hl'l0). l1H,ll;IIB8r(tf6li ,IVIfl · BRJIIO'l0Hlifl peJllliMa criMoynpaBJI0HIDJ CJiy

JKHT HYJI6B06 3Ha'l6HH0 3Tll.X naparile~pOB (cM. TaRJKe/2, c. 6/). 
Pa3JII1'IHll0,MO,Jl;ilq;HRar(tIB aJiropHTM8 OERUN IlOSBOMIOT: a) Haxo

,ll;UTh 'lHCJl0HH00 pemeHH0 sa~'lH RomH (I) 0606m0HH1,JM M0TO,ll;OM PyHre

RyTTa (4), (5), (6) HS/I/ JIHOO 6es BITTHCJI6Hlifl ~U0HRH JIORa)lbHOH 

omHORH yce'leHHH, JIHOO C OU6HROH JIORa)lbHOli Ol11l'l0RH yce-qeaHH M0TO.JJ1,)M 

BJIOJK0Hlifl Capaq;aHHa( 6es y-qeTa HJll'I C y-qeTOM Ol11l'IORH annpoRCHM8r(tm 

M8Tp11-qgoft 8RCilOH6HTll ) H C aBTOMaT.ir-qec:KIIM Bll60pOM mara H nopH;mta 

annpoRcHMaUHH MaTpli'IHOll.8RCilOH6HTll/l/; 6) pemaTn (I) B CJiy'lae 

H0JK6CTI{l'IX Cl'ICT6M, HCll0)lb3YSI TO)lbRO SIBHllH M0TO,n: PyHre-RyTT8 IISITO

ro Il0Pfl;IU(8 (6) B /I/, 6e3 OU6HRH'HJ!l'I C OU0HROH JIORaJThHOtt Ol11l'l0RH 

yce-qeHHH M0TO,JJ;OM BJIOJK0HHSI Capaipairna H C aBTOM8TH'I0CRHM Bll60pOM 

mara. 

HIDKe npHBO,ll;ilTCfl OllHC8HH0 napaMeTpOB ynpaBJI6HHfl OERUlf. 

N 11HCJIO ypaBHSHHil B (I)• 

H BeJIH'IHHa mara -qHCJI6HHOro illITe rpHpoB8HHSI. 

x IlepeMeHHaSI, npn:HHMaICXItafl sna-qeHHSI t'I\ B (4) w/II. 
Y 0.n;HOM6PHllH M8CCUB P,aSMSPROCTH N , co.n:ep;icauillft 3Ha-qeaHSI 

HCROMllX cfu, HRUHll 1 ~ ( i.:: i,l) ..... 1 )[) B T0-ql{0 t 'n, • 

P 1 S1 1 S2 1 S3 1 S4 1 S5 1 S6 

0,n;HO!,.!epHH6 paOotme uaCClfBl,I pasuepHOCTH 1l • 
NC NC=N ,IVIfl TeX MO.n:nq:HRaUHt!: aJiropHTMa, ROT0Pll0 Hcno;u,sym 0606-
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~eHHHH M6TO~ PyHre-KyTTa. B OCTaJJbHHX cnyqaflX ~Jlfl YM6HnW8-

W6Hllfl H600XO,ll;llMOH IlaMflTII MO~HO IlOJIO~lITn NC•l• 

CC, P.C, F 
0,n;HOJ!8pHH6 padoqne MaCCHBhl pasMepHOCTll NC • 

A, A2
1 

Fl, F2 1 Gl 1 G2 1 FINV 1 EXC, R 

Jl.BJ'M6pHH6 padoque uaCCllBH pasMepHOCTH (NC I NC)• 
FUN Ilo,n;nporpru.M-18 1 coc:raBJ!fl6M8.fl Il0Jln30BaT6JI6M, .JJ)lJJ BJI'H:CJ16Hiffi 

npaBllX tJaCT0R rlt11) (i.:::i1t, ... ,X) B (I). Cnoco6 C0CTa

BJI6HHSI CJ16.JlYIO\l1I1H: 

AMAT 

MST 

XEND 

KPR 

KPD 

EMAX 

EMIN 

HMAX 

SUBROUTINE FUN (X, Y, F, N) 

DDJENSION Y(N), F(N) 

r.n:e napaMeTpH x, Y sa~IOT SH8'l6Hlffi t 1i 1 a F co,n,eprurT 

Blf'lHCJI6HHH6 3Ha-qemm r lt)1) . ~UN .I(OJlatHa 611Tb 06bJIBJ16-

Ha EXrERNAL B nporpaMMe, BH3HB8!1);]16ll GERUN. 

Ilo,n;nporpam1a, COCTaBJ!fl6MaJI Il0Jln30B8T6J16M, C IlOMOl{nlO ROTO

poirl sa.JJ,86TC.H MaTpaua A B oc5oc5meHHOM M6TO,ll;6 PyHre-RyTT8, 

SUBROU'rINE AMAT (X, Y 1 F, A, N) 

DIMENSION Y(N), F(N), A(N,N) . 

B RatJ6CTB0 A peROM6H.JlY6TC.H 6paTh M8Tp1my ?1{061I ~f /7>1 
CUCT6MH (1) 

1 
BITTIICJUI6MYIO ,lJ)l.H t .11 1 1 3a,JJ;aBa6MllX C IlOMO!!\nlO 

X H Y, Pa6DtJIIii. MaCOUB F MOllt0T 6llTn UCil0Jlb30BaH ~ npoMe-

JKYTO'IHllX BITT.11CJ16HIIR B AMAT I Hanp1IM6p, 6CJ1H '"c)f /f"o1 
HaXO,ll;IlT_?.H -q.ircJI6HH1™ ,wrqifepeHuapoBaHH6M. AMA'r .nomrna OHTD 

o6'hf!BJI6Ha EXTERNAL B nporpaMMe, BH3HB8!01116R GERUN, 

MaROJIMa;u,aoe -qacJIO marOB. 

A6COJ!lOTHaSI B0JIH'ilIH8 I1HT6 pnaJia, B l{OTOpOM H6 OOXO,ll;!iMO HaHTII 

pemeHue sa~-q11 KomH (I). 

~UCJIO marOB, 'l6p03 ROTOpoe 6y.n:eT ne'laTaTnC.H pelll6HII6 (I)• 

Ilpu KPD~O ne'laTaIOTC.H OU6HRH JIORa)ll,HllX omHOOH YC6'16HHSI 

,lJ)l.H Rallt,JJ;Ofi ROMllOH6HTll pemeHHSI, 

3a.n:aeT B0PXHIOIO rpaHHJJY ,lJ)l.H JIORaJlnHOfi omH6RlI yc6'l6HII.f!. EcJIII 

EMAX~ o, OU6HRa JIORaJinHOit omu6RH yc6'l6H0:.fl H6 Bll'H1CJ15!6TCfl, 

tJTO npIIBO,ll;IlT R YM6Hb!Il6HHIO BpeM6HI1 CtJ6Ta. 

H0:JKRflSI rpaHIIUB ,lJ)l.H JIORa)lbHOH om;i:6RI1 YC6'l6HII.f!, 

MaRCill,18JlnH8SI a6COJ1IOTH8.H B6JIU'ltrna mara. 

HIIIN MUHUMaJinHaSI a6cOJ1IOTHaSI B6Jlffll0'.Ha mara. 

DB EcJIH aai1,ll;6HHaSI OU6HR8 JIORa)lbHOii. oma61m yce-qeHU.H 60Jinme EMAX , 

mar yMeHnmaeTCJl. 0 IlOMOI!lnlD COOTH0lli6HHSI H•H * DB(DB~ l), 

B nporpaMMe DB-0,5. 
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DF Ecim H8H,U6HH8JI 0~6HR8 JIOR8Jll,HOii omM6RII ycetJ6Hlifl M6HI,ill6 

Ef"1N t mar YB6JIU'llIB86TCJI C IlOMO!Jl!,B) COOTH01116Hl!JI 

H=H-lf DF (DF ::> 1) • B nporpaMMe DF=2. 

KJ,,AX MaRCI!M8JII,H!1lil: IlOPJI,nDR annpORCilM8Ill!H M8TPH'lHOii 8RCilOH6HTll. 

KIN Co,nep:!t!:!T H8'l8JII,H06 SH8'l6HH6 Il0PJI,IJ;R8 annpORCHM8IlI!H M8TpfflIHOii 

aRCilOH6HTll ( 0~ KIN~~. IlpliI KIN=O ,nJIJI pemeHHJI (I) llC

nom,3yeTCJI RBHmi MeTo,n Pynre-KyTTa n.f!Toro nopR,IJ;Irn (6) B/I/. 

EcJlt! EMAX ~o ,UOPJI,UOR annpORCilM8IlI!Il M8TPH1IHOH SRCilOH6HTll BO 

BP5M.f! C'l6T8 OCT86TCR P3BHHM CB06MY H8lJ8JII>HOMy 3H8'l6HliID. Ilpll 

KIN=KJ.lAX orun6Ra annpoRCIIM8IU1Il M8TpII'lHOH aRCilOH6HTll (BTOpoii 

'lJ16H B npaBO}i 'l8CTII: H6p8E6HCTB8 ( 9) i/I/) H6 Y'll1THB86TCR 

npn OU6HR6 JIOR8JII>HOll OmH6RII YC6'l6HHJI. 

KEX 1IucJ10 rnaroB, tJepes Ro-ropoe BITTl1cJIJ1eTcR MaTpHua A B o6o6meH

HOM M6T0,U6 PyHre-r.yTT8 • 

ES BacruT36Hmi MHOJ!UIT6JII, ,nJIJI OU6HRII JIOR8JII,H0tt oum6RII YC6'l6HHJI, 

0603H8'l6HH0ll EPS B nporpaMMe (EPS=ES * EPS) • CT8H,ll8PTH06 

3H8'l6Hl16 ES=l. 

l'ilRED B CJIY,tJae nJioxon 06ycJ10BJ16HHOCTl1 M8TPilU Fl.'ITIH B (5) 
l13/I7 peROM6H,llY6TCSJ YB6J1l!'lll'.TI, 3H8'l6Hil6 ltiRED ( .lt!RED = 
= 0, I, 2, 3, ••• ). OTO Il03BOJIJl6T T8R~6 HCilOJ1I>30B8TI> M6HI>

lll66 3H8'l6HH6 il8paM6Tpa ill.lAx/3 , 4/ • 

IlpnBe,neM l1 0,llHH U3 napa'll6TPOB ynpaBJ16Hl1.f! nporpaMMll REGN, 

ROTOpblii M0~6T IlOH8,U06UTI>CJI B ciy'lae, 6CJ1H no.nnporpaMMa INVR He 

oc5p81Jl86T M8TPliUll Ft"rt\,+1 B (5) HS/I/ lnpn sa,naHHOM MRED ) c 

.nocTaTO'lHOii TO'lHOCTI>ro 1rn-sa ux nJ1oxoii ooycJ10BJ16HHOCTn. aTO napa

MeTp C(3) B o6meM 6JIOR6 CINT no,nnporpaMM REGN Il INVR, r.ne no

Jl0~6HO C (3 )=O, OOOOI. P6ROM6Jl~6TCR B T8ROM CJ1YlJ86 YB6Jllf'lli'l'I, 

3HatJeHH6 C(3) lno,npoOHee CM. I). ::laMSTHM, 'ITO TO'lHOCTI> o6parqe-

HIDI MaTp;i:u F~:·,Y\.+i ou;eHUBaeTCR cJ1e.JJYIO!llliM o6pasoM B INVR • 
Ilycn J{ -i 

ftK = ~ ( ~,,n,}u ( f1mH)t1< - ~i l< 

r.ne ~tK - Cl!MBOJI KpOHH6R6pa. ECJIH 'W),tVJC lp,K] f ro-5, C'lUT86TCR, 
ti, l( ~ 

'ITO TO'lHOCTI, o6pa~6HIDJ Y.UOBJ16TB0pll:T6J1I>H8JI. 
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C 

C 

C 

C 

C 

C 

C 

IIPHJIOJKEHHE 

SUBROUTINE GE RUN IN, H, X, Y ,P ,S 1, S2, SJ, SI+, SS, s6, NC, CC,PC ,F, A, A2, 
•F1,F2,G1,G2,FINV,EXC,R,FUN 1 AMATI 

DIMENSION Y INI, P tNl ,S1 INI, S2 INI ,SJ (NJ, SI+ IN) ,SS INI ,S6 INI 
olMENSION CCINCl,PCINCl,FINCl,AINC,NCl,421NC,NCI 
DIMENSION F1(NC,NCl,F21NC,NCl,G11NC,NCl,G21NC,NCl 
OIME~SION FINVINC,NCl,EXC(NC,NCl,RINC,NCl 
CCHMON/GOV1/MST,XENO,KFR,KPO 
COMHON1GOV2/EMAX,EHIN,HHAX,HHIN,OB,OF 
COHHCN/GOV3/KHAX,KIN,KEX 
cOHHON/GOVl+/ES,~REO 
IFIHST.LE.01 MST=1 
IFtXEND.LE.O.l XENO=ABSIHST•Hl 
IFIHHAX.LE.C.I HHAX=ABStHI 
IF(KFR.LE.Ol KPR=1 
IFtEHAX.LE,O.I EHAX=O. 
IFIEHAx.EO•o•> KPO=O 
IFIEHAX.Ea.o., EPS=O. 
IFIEHAX.EO.~.l EHIN=O• 
IFtKIN.LE.Ol KIN=O 
IFIKIN.GT.KHAXJ KMAX=KIN 
IFIKHAX.GT.KIN.ANO.EMAX.GT.O.I K~AX=KHAX+1 
IFIKEX.LE.Dl KEX=1 
IFIOB.tE.O.I 08=0•5 
IFCOF.LE.O.l OF=2• 
IFIES.LE.O.I E5=1• 
IF!HRED,LT.OJ MRED,.O 
lF(48S(H),LT.HNINl GO TO 13 
XIN=X 
KNC:KI N 

00 15 IS=i,HST 
IFIKIN.GT.Ol GO TO 2 

~ 
1 CALL FUN<x,v,s1,Nl 

CALL VLINEIY,1.,S1,H/1+,P,NI 
CALL FuNIX+H/1+,P,S2,NI 

CALL VlINEIS1,H/8,S2,H/6,P,NI 
CALL VAQQIY,P,P,N) 
CALL FUNIX+H/4,P,S3,N) 

CALL VLINEIS2,-H/2,SJ,H,P,Nl 
CALL V~DOIY,P,P,Nl 
CALL FUNIX+H/2,P,S1+,NI 

CALL VLINE(S1,J•H/16,S4,9•H/1&,P,NJ 
CALL VAOOIY,P,P,Nl 
CALL FUNIX+3•H/1+,P,SS,Nl 

CALL VLINEIS1,-3•H/7,S2,2•H/7,P,NI 
CALL VLINE(P 1 1.,S3,12•Hl7,P,NI 
CAlL VLINEIP,1,,Sl+,-12•H/7,P,Nl 
CALL VLINE1p,1.,S5,8•Hl7,P,NI 
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CALL VAOO(Y,P,P,Nl 
CALL FUNIX+H,F,S6,NI 5 FORMATl//,2X,35HPAOE AFPROXIMANT CANNOT CTE OBTAINEO, 

C •1X,24HWITH SUFFICIENT ACCURACY) 
CALL VLINEIS1,7 4 H/90,S3,32•H/9D,P,Nl RETURN 
CALL VLIN[ IF,1• ,S4,12• H/90 ,P,Nl C 
CALL VLINEIF,1.,S5,32•Ht90,P,NI ;. 6 CALL FUNIX,Y,S1,NCI 
CALL VLINEIP,1.,S&,7•H/9o,P,NI CALL FHCIP.,A,-1.,NCJ 
CALL VADOlv,P,S6,Nl CALL FMVXIR,Y,P,NC,NC,NCI 

C CALL VADD<S1,P,S1,NCI 
IFIEHAX,EO•O•l GO TO 12 C 

C .,, CALL VLINE<y,1.,S1,H/4,F,NCI 
CALL VADDIS1,Slt,P,NI CALL FHVXIEXC,F,P,NC,NC,NCI 
CALL VLINE(P,H/12,S3,H/3,P,Nl CALL FHVXIR,P,F,HC,NC,NCJ 
CALL VADO<Y,F,S5,Nl CALL FUNIX+H/4,P,S2,NCJ 

C CALL VAOD(S2,F,S2,NCI 
Xi=X+H/2 C 

C CALL VLINECY,1.,S1,H/6,P,NCI 
CALL FUNIX1,S5,S1,Nl • CALL FHVx<EXC,P,F,NC,NC,NCI 

C CALL VLINEIF,1.,S2,H/6,P,NCJ 
CALL VLINEIS5,1,,S1,H/lt,F,NI CALL FHVXIR,P,F,NC,NC,~Cl 
CALL FUNIXi+H/4,P,S2,Nl CALL FUN(X+H/4,P,S3,NCI 

C CALL VAOOISJ,F,S3,NCI 
CALL VLINEIS1,H/6,S2,H/8,P,NJ C 
CALL VAoo<s5,P,P,Nl CALL FHVXIEXC,Y,F,NC,NC,NCJ 
CALL FUNIXi+H/4,P,S3,NI CALL VLINEIS2,-H/2,s3,H,F,NCI 

C CALL vADO<F,P,F,NCl 
CALL VLINEIS2,-H/2,S3,H,P,Nl CALL FHVX<EXC,F,P,NC,NC,NCI 
CALL VAOO<S5,P,P,Nl CALL F~VX<R,p,F,NC,NC,NCI 
CALL FUN<Xi+H/2,P,S4,Nl CALL FUNIX+H/2,P,S4,NCI 

C CALL VAOO(S4,F,S4,NCI 
CALL VAOO(Si,S4,P,NI C 
CALL VLINE<p,H/12,S3,H/3,P,NI CALL VLINEIY,1.,S1,3•H/16,P,NCI 
CALL vADD<S5,P,S5,Nl CALL FttVXIEXC,P,F,NC,NC,NCl 

C CALL FHVX<EXC,F,P,NC,NC,NCI 
GO TO 7 CALL ~LINEIP,1,,S4,9•Ht16,F,NCI 

C CALL FHVX(EXC,F,F,NC,NC,NCJ 
2 KH1=MOOIIS,t<EXI CALL FHVXcR,P,F,Nc,Nc,NCl 

IF(IS,E0,1,oR,KH1.EO.Ol GO TO 3 CALL FUN(X+3•H/4,P,S5,NCI 
IFIKIS.E0.11 GO TO 201 CALL VAODISS,F,S5,NCI 
GO TO 6 C 

3 CALL A~AT(X,Y,F,A,NCJ CALL VLINE<Y,1.,S1,-3•Hl7,P,NCJ 
Z01 HREO:H/C1t*2••MREO) CALL FHVXIEXC,P,F,NC,NC,NCl 

CALL FHC(AZ,A,HREO,NCJ CALL vLINE<S2,2•H/7,S3,12•H/7,P,Ncl 
MC=O CALL VADOIF,P,F,NCI 

It CALL EXCON(NC,A2,EXC,F1,FZ,Gi,G2,F1NV,R,P,F,MC) CALL FHVX(EXC,F,P,NC,NC,NCI 
IFIHC,LT,O) GO TO 203 · cALL FHVX(EXC,p;F,NC,NC,NCI 
If' (HREO, EQ, OJ GOT06' CALL vLINEIF,1.,S5,8•Hl7,S6,NCl 
CALL FHEQCFINV,EXC,NC) CALL FHVXIEXC,S4,P,NC,NC,NCI 
00 zot 1R=1,HRED CALL VLINE<P,-12•Ht7,S&,1,,F,NCi 
C~LL F1111x (E)('C, FINV ,R, NC, NC, NC, NC, 11ic, NC) CALL FHVXIEXC,F,p,NC,NC,NCI 
CALL F~EQCEXC,R,NC> C 

CALL FHVx<R,P,F,NC,NC,NCI 
CALL FMEQ(FINV,R,NC) CALL FUN(X+H,P,56,NCI 

202 CONlINV!: CALL VAOOIS6,F,So,NCI 
&OTO 6 C 

C CALL F~vx<ExC,S4,P,NC,NC,NCI 
Z03 PRINT S ' CALL VLINEIP,12•Hl90,S~,32•H/90,S5,NCI 

CALL VLINEIY,1.,S1,7•Ht90,P,NCI 
cALL F~VXIEXC,p,F,NC,NC,NCI 
CALL vLINE(F,1,,S3~32•Hl90,P,Ncl 
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C 

C 

C 

C 

C 

C 

C 

C 

C 

CALL FHVX(EXC.P,F,NC,NC,NC) 
CALL FMVX(EXC,F,P,NC,NC,NCI 
cALL VADO(S5,P,F,NCI 
CALL FMVx(EXC,F.P,NC,NC,NCl 
CALL VLINEIP,1,,s6,7•H19J,S6,NC) 

IFIEMAX.E0,0,1 GO TO 12 

CALL VLINE<Y,1,,S1,H/12,P,NCl 
CALL F,vx<EXC,P,F,NC,NC,NCI 
CALL VLI~E<F,1,,S3,H/3,F,NCI 
CALL FHVX(EXC,F,P,NC,NC,NCI 
CALL VLINEIS4,H/12,P,1,,S5,NCI 

X1=X+H/2 

CALL FUN(X1,S5,S1,NCI 
CALL FMVXIR,55.F,NC,NC,NCI 
CALL VAOO<S1,F,S1,NCI 

CALL VLINE(S5,1,,S1,H/4,F,NCI 
CALL FMVXIEXC,F,P,NC,NC,NCI 
CALL FMVXIR,P,F,NC,NC,NCI 
CALL FUN(X1+H/4,P,S2,N~ 
GALL VAD11S2,F,S2,NCI 

CALL VLINE(S?,1,,Sl,H/8,F,NC) 
CALL FMVX<EXC,P,F,NC,NC,NCI 
CALL VLI~E(F,1,,S2,H/8,P,NCI 
CALL FMVXIR,P,F,NC,NC,NCI 
CALL FUN(X1+H/4,P,S3,NCI 
CALL VAOD(S3,F,S3,NCI 

CALL FMvx<ExC,S5,F,NC,NC,NCI 
CALL VLINEIS2,-H/2,S3,H,P,NCI 
CALL VADO<F,P,F,NCI 
CALL FHVX(EXC,F,P,NC,NC,NCI 
CALL FMVXIR,P,F,NC,NC,NCI 
CALL FUN<xt+H/2,P,S4,NCI 
CALL VADO(S4,F,S4,NCI 

CALL VLINEIS5,1,,S1,H/12,P;NCI 
CALL FHVX(EXC,P,F,NC,NC,NCI 
CALL VLINE<F,1,,S3,HIJ,F,NCI 
CALL FHVX<EXC,F,P,NC,NC,NCI 
CALL VLINEIP,1,,S4,H/12,S5,NCI 

7 CALL VSUB(S6,S5,P,NI 
EPS=VHAXA(P,Nl 
CALL VHOOIP,P,NI 
IF<KMAx,EQ,KNCI GO TO 101 
IFIKIN,EQ,KNCI ·Go TO 10 
CALL Vsue<s6,CC,F,NCI 
CALL VMCO(F,f,NCl 
CALL VAOO(F,PC,F,NCI 
EPS=VHAXA(F,NCI 

101 EPS=ES•EPS 
IFIEPS,GT,EHAXI GO To 8 

10 

1 
l 

i 
I 

GO TO 12 
6 IF<KHAX,GT,01 GO TO 10 
9 H=H•DB 

KIN=KNC 
IF<ABS(Hl,tE,HHINI GO TO 13 
IFIKIN,GT,Ol GO TC 201 
GO TO 1 

10 KS=KHAX-KIN 
IF(KS,LE,Ol GO TO 9 
CALL VEQIS&,CC,NCl 
CALL VEQIP,PC,NC) 
KIN=KI NH 
IF<KIN,EQ,11 GO TO 2 
HC=1 
GO TO 4 

12 x=x+H 
CALL VEQ(S6,Y,NI 
IF(KHAX,EO,KNC,OR,EHAX,E~.o., Go TO 102 
CALL VEQ(F,P,NCI 
CALL VEOICC,Y,NCl 
KIN=KI N-1 

102 KWP=HOOIIS,KpRI 
·IF<KwP,EQ,01 CALL OUTP<N,X,Y,EPS,KIN,01 
IF(KWP,EQ,O,ANO,KPD,NE,01 CALL O~TP(N,X,P,FFS,KIN,11 
KIN=KNC 
IFIABSIX-XINl,GE,XENDI GO TO 104 
IFIA8S(Hl,GE,HHAXI GO TO 103 
IFIEPS,GE,EHINI GO TO 1G3 
H=H•OF 
K IS=1 
r,O TO 15 

103 '<IS=U 
IFIKHA),GT,KIN,AND,EMAX,GT,C,l KIS=1 
GO TO• 15 

C ; 

C 

13 PRINT 14 
14 FoRHAT(//,2X,19HsrEP SIZE TOO SHALL.I/) 

GO TO 104 

15 CONTINUE 
104 IFIKMAX,GT,KIN,ANO,EMAX,GT,0,l K~AX=KHAX-1 

RETURN 
END 

SU~ROUT~NE ExCONIN,A,EXC,F1,F2,G1,G2,FINV,~,P,F,MCI 
DIMENSION P(Nl,F(Nl 
:JIMENSION AIN,Nl,EXCIN,Ul,FINVIN,Nl,R(N,NI 
::,IHENSION F11N,Nl,F2<N,Nl,G1(N,Nl,G2(N,NI 
COHHON/GOV3/KHAX,KIN,KfX 
IFIHC,GT.Ol GC TO 6 
10 2 I=1,N 
00 1 J=1,N 
F1U,Jl=D. 

1 G1<I,Jl=O. 
F11I,Il=1, 
GtlI,Il=l, 

2 CONT INt.:E 
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CALL FHEQIG2,A,NI 
CALL FHCIF2,A,-1.,Nl 
JO 3 !=1,N 
F21I,Il=F21I,ll ♦ 2. 

3 G21I,I l=G21I,Il+2. 
IF(KINeGT.11 Go TO 5 
CALL INVRIFz,N,N,P,F,R,FINV,01l 
IFID1.NE.O.I GO TO 4 
MC=-1 
~ETURN 

4 GALL FMMX(FINV,G2,EXC,N,N,N,N,N,Nl 
RETURN 

5 CALL FMHXIA,A,FXC,N,N,N,N,N,Nl 
CALL FHEQIA,EXC,NI 
JO 6 J=2,KIN 
CJ=2•1 Z•J-11 
CALL FHMXIA,F1,R,N,N,N,N,N,Nl 
CALL FHCIEXC,F2,CJ,Nl 
CALL FHEQIF1,F2,Nl 
CALL FHHAIF2,EXC,R,Nl 
CALL FHHXCA,G1,R,N,N,N,N,N,NI 
CALL FHCIEXC,G2,CJ,NI 
CALL FHEOIG1,G2,Nl 
CALL FMMA(Gz,EXC,R,NI 
SCA:SHAXAIF2,P,N,Nl 
SCA=1,/SCA 
CALL FHCIF1,F1,SCA,NI 
CALL FHCIFz,F2,SCA,Nl 
CALL FMCIG1,G1,SCA,NI 
CALL FMCIG2,G2,SCA,Nl 

6 CO"ITINUE 
CALL INVRIF2,N,N,P,F,R,FINV,011 
IFIOi,NE•O•l GO TO 7 
Mc=-1 
RETURN 

7 CALL F11HX(FINV,G2,EXC,N,N,N,N,N,NI 
RETURN 

8 IFIKIN.GT.21 GO TO 9 
CALL FHHXIA,A,EXC,N,N,N,N,N,Nl 
CALL FHEOIA,EXC,Nl 

.g CJ=2•12•KIN-1l 
CALL fMMX(A,F1,R,N,N,N,N,N,NI 
CALL FHCIEXC,F2,CJ,Nl 
CALL FHEQIF1,F2,Nl 
CALL FHHAIF2,EXC,R,NI 
CALL FHMXIA,G1,R,N,N,N,N,N,NI 
CALL FHC(EXC,G2,CJ,NI 
CALL fHEQIG1,G?,Nl 
CALL fHMAIG2,EXC,R,NI 
SCA=SHAXA(f2,P,N,Nl 
SCA= 1. tSCA 
CALL FMClf1,f1,SCA,Nl 
CALL FHCIF2,F2,SCA,Nl 
CALL FHCIG1,G1,SCA,Nl 
CALL FMCIG2,G2,SCA,Nl 
CALL INVRIFz,N,N,P,F,R,fINV,011 
IFl01eNEe0,I GO TO 10 
HC=-1 

12 

RETURN 
1L CALL f~HXIFJNV,G2,EXC,N,N,N,N,N,NI 

RETURN 
ENO 

suqRQUTINE INVRIZL,M,N,XX,YR,Z,FINV,01) 
DIMENSION XXINl,YR(Ml 
DIMENSION ZCN,NI, ZL IM,Nl ,FINVCN,Ml 
COHHCN/CRITH/ROMH,RMH,REVH,CONOH,EPSW,TAUW 
COHHCN/KSEL/KPI,KFF,KGS,L 
COMHCN/CINT/Cl151 
CCMHCNIITKPIITL,KFL 
DATA EFSt1.E~05/ 
IfCKPI.LE.01 KPI=O 
If(KPf,LE.OJ KPf=O 
IFCKGs.LE.01 KGS=O 
IFCKFL.GT.Ol KP=KPL 
IF CL.LE. Ol L=2 
IFCCC3leLE.Oe) CC31=0.00001 
IT=ITL 
IFIITL,LE.01 IT=100 
A1=1. 
A2=1. 
K=4 
KK=1 
NP=-1 
NN=H 
Ao=o. 
S=O. 
r=-1.E-16 
E=-1• 
01=1. 
DO 5 1=1,11 
00 1 J=1,N 

1 XX(J)=O• • 
4 . QO 2 J=1,H 

2 YRCJl=O. 
YRUl=1• 
CALL REGNINPtHtN,NN,K,KK,IT,KP,T,AD,S,TT,D,f,7,ZL,YR,XX,A1,A21 
IFCIEPS-RHHl.GT.O,l GO TO J 
01=0 • 
RETURN 

3 00 4 J:1,N 
4 FINVIJ,Il=XXCJI 
5 CONTINUE 

RETURN 
ENO 

SUBROUTINE OUTPIN,X,Y,EPS,KIN,KOPI 
DIMENSION YIN) 
IFCKOP.NE.Ol GO TO 11 
PRINT 1,X 

1 FORHATll,5X,2HX=,E24e14l 
PRINT 2,EPS 

2 F0RHATC5X,21HESTIHATEO LOCAL ERROR,E12.31 
PRINT 3,KIN 

3 FORHATC5X,31HOROER OF EXpONENT APPROXIMATION,I51 
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I1=N13 
K=HOOIN,31 +1 
IFIIl-117,4,4 

4 00 5 I=1,I1 
J1=tI-1H•3+1 
J2=J1+1 
J3=J2+1 

5 PRINT E,J1,Y(J1l,J2,V(J2l,J3,YIJ3l , 
6 FORHATl311X,2HYC,I4,2Hl=,E22.14ll 
7 J1=N-K+2 

J2=J1+1 
r,O TO U0,8,91K 

8 PRINT 20,J1,Y(Jll 
GO To 1a 

q PRINT 21,J1,Y(J11,J2,Y(J21 
11l ~ETURN 
11 f'RINT 12 
12 FORHATl5X,17HESTIHATE0 0£FECTSI 

I1=N/3 
K=MOOIN,31 +1 
IFIIl-1116,13,13 

13 JO 14 I=1, I1 
J 1 = I 1-11 • 3 +1 
J2=J1+1 
JJ=J2+ 1 

14 PRINT 15,J1,YIJ11,J2,YIJZl,J3,Y(J3I 
15 FORHATl3(1X,2HOC,r~,2Hl=,E22o141l 
1E J1=N-K+2 

J2=J1+1 
r,O TO 119,17,181K 

17 PRINT 22,Jl,y(Jll 
GO TO 19 

16 PRINT 23,J1,YIJ1l,J2,YIJ21 
19 RETURN 
20 FORMATl1X,2HYC,I4,2Hl=,E22.141 
21 FORMATl2(1X,2HY(,14,2Hl=,E22o1411 
22 FORHATC1X,2H0(,I4,2Hl=,E?.2.141 
23 FORHATl211X,2HOl,14,2Hl=,E22.14ll 

€ND 

suaROUllNE VIPDCA,NA,B,NO,N,CI 
□ IHENSIDN ACll,0111 
DOUBLE PRECISION SUH,DA,D9 
SUH=O. 
NN=l-NB 
JL=NA• N 
DO 1 JJ=1,JL,NA 
NN=NN+NB 
OA=ACJJl 
OO=BCNNI 

1 SUH=SUH+OA•OB 
C=SUM 
RETURN 
END 
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SUBROUTINE FHHXIA,B,C,H,N,HA,MB,HC,Kl 
DIMENSION ACHA,11,BIHB,11,C(HC,11 
DO 1 I=i,'1 
DO 1 J=1,K 

1 CALL VIPDlAII,11 ,HA,B11, Jl ,1,N,CII,Jl I 
RETURN 
END 

sUBROUTINE FMVXIA,X,Y,H,N,HAl 
DIMENSION A11l,XC11,YC1l 
ilO 1 I=l,M 

1 CALL VIpD(A(Il,HA,X,1,N,YCill 
RETURN 
END 

SUBROUlINE FHCIA,B,C,NI 
DIMENSION ACN,Nl,BIN,Nl 
DO 1 I=1,N 
DO 1 J=1,N 

1 AII,Jl=BII,Jl•C 
RETURN 
END 

SUBROUTINE FHMAIA,B,C,Nl 
DIMENSION A(N,Nl,BIN,Nl,CCN,NI 
DO 1 I=i,N 
00 1 J=1,N 

1 AII,Jl=BII,Jl+CCI,Jl 
RETURN 
END . 

' SUBROUTINE FMEOCA,B,NI 
DIMENSION ACN,Nl,BIN,NI 
DO 1 I=1,N 
00 1 J=1,N 

1 AII,JI =B II,JI 
RETURN 
END 

FUNCTION SHAxACA,P,H,NI 
DIMENSION ACM,Nl,PCNI 
AHAX=O• 
DO 2 I=1,H 
DO 1 J=l,N 

1 PCJl=ACI,JI 
AX=VHAXA CP,NI 
AHAX=AHAX1CAX,AMAXI 

2 CONTINUE 
SMAXA=AHAX 
RETURN 
END 
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SUJROUTINE VAOOIO,C,A,NI 
OIHENSION AINI ,BINI ,C (NI 
00 1 I=i,N 

1 AIIl=BIIl+CIII 
RETURN 
ENO 

SUBROUTINE VLINEIB,ALPHAtCtBETA,A,NI 
Dl'1ENSION Ah-11,0INI ,CINI 
DO 1 I=1,N 

1 AIIl=BIIl•ALPHA+clil•BETA 
RETURN 
ENO 

SUBROUTINE VSUOIA,B,X,NI 
DIMENSION AINl,B(Nl,X(Nl 
no 1 I=1,N 

1 XCil=AIIl-BIIl 
RETURN 
END 

SU~ROUlINE VEQIB,A,Nl 
DIMENSICN ACNl,OINl 
00 1 I=1,N 

1 ACll=BIII 
RETURN 
END 

SUBROUTINE VMOOIO,E,Nl 
DIMENSION DINI ,EINl 
DO 1 1=1,N 

1 EIIl=AeSIOIIll 
RETURN 
ENO 

FUNcTICN VMAXAIA,Nl 
oIHENsION A(N) 
AHAx=o. 
IFINeLE.01 Go To 2 
00 1 I=1,N 
IFIAMAX.\.T,ABS<ACIJII AMAX,,A8SCA(I)) 

1 CONTINUE . 
2 VHAXA=AMAX 

RETURN 
ENO 
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