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@ 06'Le,ZUfHeHHbIH IDiCTHTyT anepasrx HCCJIe;::J;OBaHHH .lly6Ha, 1988 

B paooTe paccMaTpilBaeTcH ~Rc~eHHaH pea~3auRH MeTo~a' oopaTHofi 
HTepaqRH C perJT~pH3~e~ ~~ c~~eTp~HoM oooameHHoM 3~a~M Ha Coo­
CTBeHHa6 3Ha~eHHR 

~ Ax = ). Bx • 0) 
\1 OTHOCHTe~HO MaTp~ A H B npe~O~araeTCH, ~TO ORR CRMMeTpR~HH H
 

MaTp~a B nOJIOJIGfT8JIbHO onpeneneaa.
I MeTO~ 06paTHOH HTepauHH XOpOlliO H3BeCTeH B JIHTepaTYpe/I / KaK 
f, ~eKTHBllliM MeTO~ pemeHM 3a,na1ffi Ha COOCTBeHHpre 3Ha~eHIDI B c.JIY~ae, 

I eCJIH TpeoyeTcH HaMTH O~HO COOCTBeH~Oe 3Ha~eHHe H COOTBeTCTBYIDmHH eMY

! COOCTBeHHHM BeKTOp. OITHCHBa~/\ H~e CXeMa Hcno~h3yeT npoue~py ~eKOM­

\ n03~HH EaH~a/2/ (CM. Ta~e 6 ), Heooxo~ ~ pemeHlUl CHCTeMH 

t
 ypaBHeHHM C CHMMeTpH~HoH, HO He nO~O~Te~HO onpe~eJIeHHOM MaTp~eM.
 

~ no~eHIDI YCTOM~HBHX pemeHHM B anropHTMe npOrpaMMH npe~CMOTpeHa 

J B03MO~HOCTb per.Y.~pH38UHH 3a,na~/3/. B3aI~eHHe npHBO~Tca TeKCTH 
npOrpaMM Ha WopTpaHe. ~ CxeMa MeTo~a oopaTHOM HTepauHK onHcHBaeTCH ypaBHeHHHMH 

(A- ITkB) uk+1 = BVk, vk = Uk/ iI uk Y • L~) 

3~eCD ()k H 11 k - npHo~eHHH K co6CTBeHHOMY 3Ha~eIllOO ~i H COOCT­
BeHHOMY ~eRTOpy x i aanasa (I), H npa Ha,nJIeiKaIIteM BI::lOOpe ok' uk 
CXO.n;RTCH K xi' 

HaHOOJIee H3BeCTHH ~e CTpaTerKH Bhloopa CMemeHHR O"k' TIo nepBo:tl: 
CTpaTerHH ok BHOHpaSTCapaBHHM OTHomeHHID Pe~ea BeKTopa Uk t 

0k= P= (U~ AUk) / (U~BUk) • KaK CJIe~eT 113 oueHKH TeMnJIa/ /, IIpHO­
~eHHe/HcnO~3YIDlllee OTHOmeHRe PeJIea, HMeeT aCHMTITOT~eCKH KB~aT~­j" 
HYlO 3aBHCHMOCTb OT HOpMI::l aexropa H8BH3Kl1 r=Au - .fBu • B OKpeCT-.II 
HOCTR pemeHIDI npouecc OO~~aeT KYOH~ecKott CKOpOCTbID CXO~OCTH.'f, 

TIo BTOPOM CTpaTerHH Qk BHOHpaeTCH nOCTOHHHOM, OJIH3KOM K HCKD­
I" 

MOM,y COOCTBeHHOMY 3Ha~eHHID, npH STOM CXO~OCTb npouecca K pemeHHID 
JIHHeMHa. ECJIH np116~eHHe K co6cTBeHHoMy 3Ha~eHMro BHapaHo y~a~Ho, TO 
~OCTaTO~H9 HeCKOJIDKRX HTepauRM ~~ no~eHliH TpeoyeMoro pemeHllH. 

OueHHM CTOHMOCTb MeTo~a 06paTHOM HTepa~, on11CHBaeMoro cxeMOn 
(2). YMHo~eHHe B8KTopa aa MaTpHllY B illI1eeT CJIOiKHOCTh n 

2 YMHoiKeHIDt. 
PeIlleHHe CHCTeMI:l ypaBHeHHH C CnMMeTpmHOH M8TpmJ;e:tl: ( A- QkB ) pac­
na,naeTCH' Ha ~a 8Tana: ~eKOMn03Huaro MaTpHUH H coocTBeHHo pemeHRe 
CHCTeMH (A - O"'kB) u=b C y~eToM pa3JIOiKeHRR: MaTpHUH aa Tpeyro~HH9 
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CTOHMOCTD rrepBOH Orrep3nRH C MCrrO~SOBaHMeM MeTO~OB ~ C~WeTpHqHHX 
3/6

MaTpm.( SKBMBaJIeHTHa rrpMOJIMSMTeJIDHO 0 YMHOJK8HHR. BTOpwr JKe orrepa­

UHR BHrrOJIHHeTCR sa n
2 

YMHOJK8HMR. OTc~a EMAHO, ~TO OCHOBHoe BpeMR 
rrpM nCrrOJIDSOBaHMM MeTo~a oopaTHOR MTepanMM ~~O paCXO~OBaTDCR Ha 

~eKOMnos~ MaTp~. C yqeToM CKaSaHHoro MOJKHO C~eJIaTD BHBO~, qTO BHOOp 
BTOpofi CTpaTerMM rrpeAITO~THTeJIeH,TaK RaR rrpM STOM ~eROMITOSHqaR MaTpM­
UH BHrrOJIHReTCR TOJIDKO O,nMH pas. 

CTa~apTHHH MeTO~ oopaTHOa MTepauHM Mcrro~3yeTcR ~ rrO~eHRH 
O~Horo COOCTBeHHoro SHa~eHHH M COOCTBeHHoro B8RTopa. B c~ae, RorAa 
TpeoyeTcR HaRTH OOJIee O~Horo COOCTBeHHoro SHa~eHKR, ~O~O HCrrOJIDSOBaTb 
OOpaTHyID HTepi~ C HTepHpOBaHHeM Ha rrOAITPOCTpaHCTBe.4/. 

B paooTe 3 oTMe~aeTcR, ~TO MeTo~ oOpaTHo~ HT8P~ HBJIReTCR 

HaHOOJIee YCTOKqRBUM MeTOAOM ~ pemeHHH s~a~H (I) CITJIoxooOYCJIOBJI8HHOH 
rrapofi (A,B) • Mcrro~sYR oopaTHHH aHaJIMS OlliHOOR/5/ , MOXHO rroRasaTD, 
~TO MaTp~a OillMOOR, SKBHBaJIeHTHHX oillHoRaM, BOSHHKaIDmRM B pesYJIDT8Te 
rrorpemHocTM BHtIHCJIeHHl1, llMeeT BeJlHqHHY rrop.ll.IUta TO~HOCTH oRpyrJIellltit 
MaIllHHHoro rrpeACTaBJIeHIDr ~HCeJI - SJIeMeHTOB, sxonsmax B MaTPHmi A H B 

OHa CYmeCTBeHHO MeHbme, ~eM COOTBeTCTBYIDmH8 MaTp~ OillHOOK, rro~ae­
MH8 npa HCrrOJIbSOBaHIm: MeTo~a rrpHBe~eHIDI aanasa (I) R CTaH,1l;apTHOMY 
B~ HJIH QZ - aJIroPHTMa/ 1 . 

y CTO.wrn:BOCTb rrpMOJnDKeHRH saBHCHT OT sacopa IiapaMeTpa cMerqeIDIR 6'.
 
3TO BH.I(HO MS CJIe.I/Y1OInnx paccy~eHHlt.
 

AOCOJIlOTHaH norpanaocrr, pellleHIDI CHCTeMli '(A'- cr B) Y = g rrpHOJIIDlteH-
HO pasaa I (A- oB) -1 U . IIH U . II gil, rAe H -MaTpHUa BosMylqeaMR, 

ROMneHcMpyrorqaR norpelllHocTM BH~MCJIeHIDI ~eRoMnos~ MaTpHUH. OTHOCH­

TeJIDHaF.[ norpemnocrz, pemeHRH CHCTeMbl 1/(A-G"B)-1J1 ·IIH{I--.!Igll/ Ryll 
MHHHMHSHpyeTcR C pOCTOM Ify /I • 3'1'0 ~OCTHraeTCJi sa cser ilpHOJll'DlteHIDi 
cMerqeHIDr e: R TO~HOMy COOCTBeHHOMY SHatIeHillO, TaR RaR B STOM CJJY'Ia8 
ROMnOHSHTa pemeHHR, OTBe~a~aF.[ COOTBeTCTByrorqeMY COOCTBSHHOMy BeRTopy, 
CTaHOBHTCJi ~OMHHHpyrorqefi. TaKHM oopaSOM, nO~OHpaF.[ Ha~aJIDHOS rrpHOJIH}Ke­

rrMe RaR MO}KHO OJIIDlte R COOCTBSHHOMY SHa~eHBID, MH yBeJIH'tffiBaeM OTHOCHTeJIb­
HylO TO~HOCTD pemeaza CMCTSMll (A- 6"B}y = g H COO'l'BSTCTB8HHO OTHOCH­
TenDaJD TO~HOCTD HOBoro rrpHO~SHRR K COOCTBeHHOMY SHa~eHHD, no~eH­
Horo B pesyJIbTaTe HCrrOJID30BaHHJi MeTo~a oopaTHOH HTep~. llpaRTHqeCKMe 
BaqHCJIeHHH nO~TBe~aIDT STy saROHOMspHOCTD. 

B cJ:IY"tIae, zorna rrapa MBTpmJ; (A,B) RBJI.fIeTCJi '070 OOYCJIOBJIeHHOR, 
BOSMQZHO HCn0JID30BaHHe MSTO~OB peryJlffpHS~ s~atIH 3 . PeryJIapMsoBaH­
me MaTplIIiji KMeIOT BR,l4 

~=A+5'" 0 , BR=B+sBD 

r.IJ;s (0(, ,B) - BeRTop HEmpaBJIeHIDr peryJIRpHSaIJ;HH (ct- 2+B2=1 H 

B ~ 0 ), s - napaserp peryJIRpHSaI.J;HH, a [) - ,ZtHarOHaJ:lbH8Ji MaTpHlJ;a, 

HMeJJIn8Ji nOJIODTeJIDHH8 wreMeHTH aa cBoe:t!: rJIaBHo:ti ,ZtHarOHaJIH. B nporpaza­
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HHX peaJIHS~HX aJIrOpHTMa,paccMaTpMBasMHx HHJKe.B RaqeCTBe TaKoH MaT­
pnqH MCnOJIDsyeTcR MaTpHUa o=dla~J(A-~B)! , COCTORIqaR H3 aocoJIIDT­

HHX sHa~eHHH .n;aarOHa.JIbHHX SJIeMeHTOB MaTp~ ( A- <J'B ) H HYJIeBHX 
BHe):(HarOH8JIJ:,HHX SJIeMeHTOB. IIPH ~TOM sexrop peryMpHsaUHH (O'-,B) = {1 ,0)., 

a napaMeTp peryJIRpHS~ -5 38AaeTCR npH BHSOBe nD~nporp8MMH. 

KJIro~eBHM MOMeHTOM B paspa60TKe ~eRTHBHOH npOrpaMMH MSTo~a 00­
paTHOH HTSpauHH RBJlReTCR peaJIHSauHR aJIrOpHTMa pemeHHR CHCTeM JIHHeHHHX 
ypaBHeHmI Ax=b C CHMMeTpHqHOH MaTpnqeH A. I1crrOJIDsyeMaR npa STOM 
MaTpnqa MOJKeT He HBJIffTbCR rrOJIOJKHTeJIbHO (OTpRUaTeJIbHO) onpe~eJIeHHOH, 

STO ~eJIaeT npHMeHeHHe GXeMH XOJIeUROrO ~eROMn03~ MaTpuu He~eJIaTeJIb­
HI:lM za-aa H!3YCTOH'tlliBOCTH nponenypa, B paooTax/2,7 npe,IJ,JIOJKeHH pas.1IWI­

HHe yCTofiqHBHe cxeMH pas~o~eHKff CHMMeTpnqHHX MaTpRU, 06JI~aID~e Tofi 

~e BH~HCJIHTeJIbHOfi CJIOXHOCTbID,~TO H cxeMa XOJIe~Roro. B~iCCMaTPMBaeMOfi 

HaMH peaJIHsaqKH HCnOJIDsyeTcR cxeMa AeROMll03RUHH EaHtIa • 
AJIropHTM EaH~a HMeeT MHoro rrpOrpaMMHHX peaJIHs~fi, paooTaromnx 

C MaTpUUaMH, XpaHHmHMHCR B CHMMeTpHqHOfi ~opMe. O~aRo HcnO~SOBaHHe 

TpaAH~OHHOR cxeMH pe,ny~ MaTp~ cBepXy BHHS npHBo~T K YB~elnno 

BpSMSHH c~eTa B cp~HeHHH C MeTO~OM XOJIeUROrO B 1,5-2 pasa (no~oOHoS 

YBe~sHHe BpeMeHM HMeeT MeCTO, HllilpHMep, B nporpaMMe LEQ1S HS OHO­
JIHOTSKM IMSL ). B IIpHJIOJKeHMM npaaonarca TSRCT rrporp8Mrvlli C KMeHeM 

LEQ1S ,HCnOJID3YID~sll pe,ny~ MaTpHUH CHMSy BBepx H HMeIDmeH BpSMH 
BHITOJIHeHaq Bcero Ha 5% OOJIbllle, ~eM rrpOrpaMMH, peaJIHsYIDmHe MeTO~ Xo­
zemcor-o, 

IIO~oOHaR.pasHHUa BO BpeMeHH cBRsaHa' C TeM, qTO B llOCJIe~HeM c~ae 

BHoopRa aneMeHTOB H3 naMRTH 88M npOHCXOAHT ~OCJIe~OBaTeJIDHO, H STO ~aeT 

yCROpsHHB npouecca BHOOpKH aneMeHTOB Ha annapaTHoM ypoBHe. 
TeRCT!l OIIHCHBaeMHX HiJEe npo:rpaMM INVIT H INVITO KMeIDTCR B 

IIpKJIOJteHm'I. 
ITporpaMMa INVIT peaJIHsyeT MeTO~ o6paTHoA HTep~ B OnapaTRBHOfi 

llBMRTH 38M. OHa HCIIOJIDayeT CHMMeTpH~HYID WOPMY xpaHeHHR MaTp~ A H 
B • arreMeHTH M8TPHLUl npa CHMMeTpWiHo:t!: wopMe xpaHeHIDI paCIIOJIOJKeHH 

B JIRHSitHOIl MaCCHEe B CJIe,IJylOmeM nopaasa: a11,a12,a22",a13' a 23, a 33.' ••• 
•. , ann' BCera n{n+1)/2 aneMeHTOB Ha O~ MaTp~.
 

AJIrOPHTM INVIT:
 

I. MHHUHaJIHSHpOBaTb' Ha~~Hoe rrpROJIHXeHHe R coocTBeHHoMY BeRTopy 
Yo:':'(1 ,1 , 1 , .•• , 1) H COOCTBeHHOMy SHa~eHmO Q~:::. () • 

2 .3aMeHMTD MaTp~ A MaTpHUefi ( A- "B ) H BBeCTH peryzapa­
symmes cMerqsHRe, eCJIH STO HeoOXOAHMo. 

3. CAeJIaTD ~eROMIIOSmum MaTplIIOi ( A - () B ).
 
Iill~aJIc 4HKna oopaTHofi HTSpauRH.
 
4. HOpMHpoBaTb rrpRo~eHHe K coocTBeHHoMY BeRTopy xk=Yk/ IIYk~ • 
5. PSillHTD CHCTSMY (A~ ~B)Yk+1=BXk 
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6.	 BaqHC~b npHO~eHHe K cOOcTBeHHOM,y SHa~eHHD
 

w k + 1= <J+1/(Yk+1'xk)
 
7. lloMeprHYT:b wk+1 TecTy aa CXO,1.U1MOCT:b. ECJm CXO,ICHMOCT:b
 

He ~OCTHrHYTa, nepe~TH K nyHKTy 4. KOHen UHKlla oopaTHO~ HTepauHH.
 
8. IIoJIOJIGIT:b .It=wk+1' v=Yk+1/ /I Yk +1UB ' r~e IlYlI B= V(y,By)
 

H BHll~H.
 

Iloc.ne. BHnOJIHeHIDI nporpaMMH INVIT MaTpHUa A He coxpauaerca.
 
TpeoyeMHll oo~eM OnepaTRBHOll naM.fITH ~ n 

2+4n 
• IIo~oOHa.fI HHWOpMaqRJI
 

o	 nepe~aBaeMHX napaMeTpaX co~ep~TC.fI B TeKCTe nporpaMMH.
 
Ilporpaxesa INVITO HCnOJI:bsyeT MarpIDUl A 11 B ,xpa~ec.fI aa
 

BHeIIlIrnX HOCHTeJIllX. IIpH aKTHBalUf11 nporpaMMH B OnepaTRBHYJ) n8M.SiT:b 38M
 
, sarpYJK8eTC.fI MaTpnua ( A- 6"'B ) C ~eToM peryJIfipHS8UHH, H ace ~8JI:bHet1:­

illHe MaH}illYJIJIURH (~eKOMTIOS1:ll.tIDI, perneHHe CHCTeM ypaBHeHHM)npoH3Bo~TCH 

TOJI:bKO C STOll MaTpnuet1:, OCTaB~ MaTp~ A H B 6es HSMeHeHHfi. ~ 

oopaneaaa K MaTpnuaM A H B HCnOJI:bsyeTC.fI nozmporpaeaa MVMUL , 
peaJm3YIoma.fI YMHo~eH11e MaTp~ Ha BeKTOp ~ M~TPRU, HaXO~XC.fI Ha 
BHeillHHX HOCHTeJIJIX. 

AJIrOPIITM INVITO nO.J.IY'!aeTC.fI HS aJIrOpHTMa INVIT , eCJIH 3aMeHHT:b 
nyHKTH 2 H 8 nyHKTaMH: 

2'. 3arpysHT:b MaTpHUY ( A- s s ) B onepaTHBHYIO naM.fIT:b H BBeCTH 
peryJIfipH3yromee CMemeHHe, eCJm STO Heooxo~o. 

8'. IIoJIOJIWT:b A paBHHM oeaomsaan PeJIe.fI .A=(Yk+1 ,AYk+1 ) / (Yk+1 ' BYk+1 ) , 

HOpMHpOBaT:b cOOCTBeHHl:lH aexrop if= Yk+1/ 1/ Yk+1 II 
rne [! Y II B = Vy,By', l:I BHllTH. ' B 

BnOCJIe~eM nyHKTe a~opHTM8 ~ o~eHKR cOOcTBeHHoro BHa~eHH.fI
 

no OTHOilleHIDO PeJIe.fI HCnOJI:b3YIOTC.fI HeperyJIHpH30BaHHl:le MaTpHUbl A H B •
 
3To nOSBOJIfieT YMeH:billHT:b CHCTeMaTH~eCKoe CMemeHHe oueHKH, BHOCRMoe
 
peryJIfipHSaTopOM.
 

HCnOJI:b30BaHHe nporpaMMH INVITO cozpaaaer 06~eM Tpe6yeMoH onepa-

THBHOit naM.fITH ~O ....n (n+1 ) /2+3n , OCTaBJI.ffR: xapaKTepHCTIfIGI BpeMeIDI
 
BUnOJIHeHH.fI nporpaaa 6e3 HSMeHeHmt. ¥IHWOpMaIUffi 0 nepenaaaezsx napaeer­

pax CO~epxHTC.fI B TeKCTe nporpaMMH B IIpHJIo~eHRH.
 

IIpaKTaqeCKoe HCnOJI:bSOBaHHe MeTo~a 06paTHOH HTepaqHH C peryJIfipn­

3auHe~ nOKaSaJIO, ~TO ~ n6~eHRR YCTO~HX coOCTBeHHHX 3Ha~eHHfi
 

ueJIeCOOOpa3HO HCnOJI:b30BaT:b napaMeTp peryJI.fIpH38URR Be~HO~ nop~a
 

,MamHH~OrO SnCHJIOH, a B c.J.IY'!ae xopomo onpe~eJIeHHOH s~a~ erb SHa~eHMe 

~OJDItHO OHT:b paBHHM HYJllO• 

~eKTHBHHM cttOC060M 60P:bOH C HeYCTO~BOCT:bIO .fIBJI.fIeTC.fI TIepeXO~
 

OT ~OHH6H TO~HOCTH K ~eTBepToH. Pe8JIHS~ nporpaMM, HCnOJI:b3YIDmRe
 
apH<I;MeTIDq ~eTBepTO~ TO~HOCTH H aHaJIO~HHe nporpaMMaM INVIT H
 

INVITO , HMeIOTC.fI. GAHaKO nOCTOmIH8.fI SRcn.ny8T8UWi 8TRX rrporpases '
 
o~eH:b 06peMeHHTeJI:bHa, nOCKOJI:bKY BpeMH c~eTa BospaCTaeT OOJIee ~eM B
 
4 p8S8, a Tpe60BaHHe K TIaM.fITH ~ B 2 pasa.
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llpHJIOJKeHMe 

B 9T~ npanoJKeIDIR npHBO~TC.fI TeCTH nporpaw~ INVIT II INVITO 
peaHH3yromRX MeTO~ 06paTHO~ HTep8UHH, II TeRCT npOrpaMMH LEQ1S perne-
HHH CHCTeM ~HellHHX ypaBHeHHH Ax=D C CRMMeTpnqHot1: MaTpxDQefi A 

SUBROUTINE. 

c - IBM/DOUBLECOMPUTER
 
C
 
c 

- FORTRAN VS 
C	 COMPILER 
C - JULY 03, 19087LATEST REVISION
 
C _ INVERSE ITERATION FOR'THE
 
C 

C	 PERPOSE GENERALIZED EIGENVALUE PROBbEM 
C A*X = E*B*X - SYMMETRIC STORAGE 
C MODE. 
C 
C CALL INVITIA,B,NDIM,EIG,EPS,X,WAJ 
C USAGE 
C LINEAR ARRAY, ON INPUT A CONTAINS 

ARGUMENTS AC THE ELEMENT& OF MATRIX A IN 
C SYMMETRIC STORAGE MOOE, THE LENGTH 
C, OF A IS NDIM~INDIM+1)/2, ON OUTPUT 
C A IS DESTROIED. 
C	 _ LINEAR ARRAY, ON INPUT B CONTAINS THE 

BC ELEMENTS OF MATRIX B IN SYMMETRIC 
C STORAGE MODE.
 
C _ DIMENSION OF MATRIX A AND B.
NDIMC	 _ ON INPUT, INITIAL APPROATCH TO THEEIGC EIGENVALUE, ON OUTPUT, REFINED
 
C ES~I~ATE OF THE EIGENVALUE.
 
C _ PARAMETER OF REGULARIZATION,
EPSC IF EIG IS ONE OF THE LOWEST 
C EIGENVALUES, THEN EPS MUST BE 
C GREATER OR EQUAL TO ZERO, 
C IF EIG IS ONE OF TNE UPPEST 
C EIGENVALUES, THEN EPS MUST BE 
C LESS OR EQUAL TO ZERO, 
C I~ THE PROBLEM IS WELL OEFINED, 
C THEN IT IS BETTER TO SET THE 
C VALUE OF EPS TO ZERO, 
C _ ON OUTPUT, THE EIGENVECTOR WITH

XC , EQUAL TO ONE B-NORM, \X,B*X)=l. 
C _ WORK ARRAY OF LENGTH 2*NDIMWAC
 
C
 _ LEQ1S,MVMULREQD. ROUTINES
 
C
 
C 

\A-H,O-Z)IMPLICIT REAL*8 A(1),B(1),Xl1),WA(1)
DIMENSION ZERO/O.OO/,ONE/1.00/,SIXTN/16.DO/
DATA
 

C
 
NDET = NDIM+1 
REPS = ONE 

5 REPS = REPS/2 
IF (ONE.LT.ONE+REPS) GOTO 5 
ERREST = MAX(SIXTN*NDIM*REPS,ABS\EPS)) 

C 
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C EIGENVECTOR INITIALIZATION 
C 

DO 10 I=I,NDIM 
X(II = ONE 

10. CONTI NUE 
C 
C REPLACE MA"TRIX A WITH MATRIX 
C (A-EIG*B) . 
C 

EOLD = E;IG 
II = 0 
DO 30 I=I,NDIM 

IMI = r""'1 
DO 20 J=I,IMI 

II = II+l 
AlII) = A(III-EIG*B(IIl 

20 CONTINUE 
II = II+l 
AlII) = AIII)-EI~*B(III 

AlII) = .A(I~I+EPS*ABS(AIII) I 
30 CONTINUE 

C 
C INVERSE ITERAT10N 
C 

DO 70 1'1'=1,10 
IJOB = 2 
IF lIT.EQ.l1 IJOB = 0 

C 
C MULTIPLY ON MATRIX B AND NORMALIZE 
C VECl'OR X 
C 

CALL MVMULIB,NDIM,X,WA) 
SUM = ZERO 
DO 40 I=I,NDIM 

SUM = SUM+Xlll*X(I) 
40 CONTINUE 

SUM = ONE/SQRT1SUM) 
DO 50 I=I~NDIM 

'I' = WA(I)*SUM 
WA(I) = X(I)*SUM 
X( I) = 'I' 

50 CONTINUE 
c 
C MULTIPLY ON MATRIX INV(A-EIG*B} 
C 

CALL LEQlSiA,NDIM,X,l,NDIM,IJOB,WA(NDET),IERJ 
c 
C CALCULATE REFINED EIGENVALUE 
C 

SUM = Z'ERO 
DO 60 I=I,NDIM 

SUM ~ SUM+X(I)*WA(I) 
60 CONTINUE 

EPREV = EIG 
EIG= EOLD+ONE/SUM 

6 

IF (ABSI EPREV-EIGl.LT.,ERREST*ABSI EIGI ) GOTO 75 
C 

70 {::ONTINUE 
c 

75 ~ALL MVMUL1B,NDIM,X,WAI
 
SUM = ZERO
 
DO 80 I=l,NDIM
 

SUM = SUM+WA(Il*XIII
 
,80	 CONTiNUE
 

SUM .= ONE/SQRT,1 SUM~
 

DO 90 I-=l,NDfM
 
xt a i -= X(I)*SUM 

1)0 CONTINUE 
c 
C EXIT
 
C
 

RETURN
 
END
 
SUBROUTINE ·MVMULIA,N,V,VMI
 

C
 
C COMPUTER - IBM/DOUBLE
 
C 
C COMPILER - FORTRAN VS
 
C
 
C LATEST REVISION - JULY 03, 1987
 
C 

- MU~TIPLY ON MATRIX A, NUCLEUS FOR 

C 
C PERPOSE 

INVIT.
 
e
 
C REQD. ROUTINES -- NONE REQUIRED.
 
C
 
C--------------------------------- ­

IMPLICIT REAL*8 IA-H~O-Z)
 

DIMENSION V( II , VM I 1 ) , AI 1 I
 
DATA ZERO/O.ODOI
 

e
 
VMlL1 = Vil)*~jl)
 
II	 = r 
DO 20 I=2,N 
.	 1Ml = 1-1
 

VM( Ii = ZERO
 
1)0 10 J =1 , IMl
 

VM(1) = VM11I+AI11+J)*VIJ)
 
VM(J) = VMIJI+A(I1+J)*ViII
 

10 CONTINUE
 
II = 11+1
 
VM{I) = VM(I)+A(IU*VOI
 

20	 CDNTINUE
 
RETURN
 
END
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SVllROUTINE INVITDINDIM,EIG,EPS.X,WA} 
c---­
C 
C COMPUTER - IBM/DOUBLE 
C 
C COMPILER - FOR'FRAN VS 
C 
C LA~EST REVISION - AtJGU&T 0, 19:87 
C 
C PERPOSE 
C 
C 
C 
C 
C USAGE 
C 
C ARGUMENTS NDtM 
C EIG 
C­
C 
C EPS 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C X 
C 
C WA 
C 
C 
C REQD. ROUTINES 
C 
C REMARKS 
C 
C 
C 

IMPLICIT 
DIMENSION" 
DATA 

C 
C 
C 

ND = NDIM+1 
NA = ND+NIJIM 
REPS = ONE 

5 REPS = REPS/2 

- INVERSE I~ERATION FOR THE 
GENERALIZED EIGENVALUE PROBLEM 
A*X = E*B*X - SYMMETRIC STORAGE 
MODE - EXTERNAL STORAGE. 

- CALL INVITD(NDIM,EIG~EPS,X,WAI 

- DIMENSION OF MATRLX A AND Br 
- ON INPUT, INITIAL APPROATCH TO THE 

EIGENVALUE, ON OUTPUT T REFINED 
ESTIMATE OF THE EIGENVALUE. 

- ?ARAME1ER OF REG~LARIZATION, 

IF EIG IS ONE OF THR LOWEST 
EIGENVALUES, THEN EPS MUST BE 
GREATER OR EQUAL TO 
ZERO, 

IF EIG IS ONE OF TNE UPPEST 
EIGENVALUES, THEN EPS MUST BE 
LE5& OR EQUAL TO ZERO, 

IF THE PROBLEM IS WELL DEFINED, 
THEN IT IS BETTER TO SET THE 
VALUE OF EPS TO ZERO. 

- ON OUTPUT, THE EIGENVECTOR WITH 
EQUAL TO ONE B-NORM, (X,B*XI=l. 

- WOR& ARRAY OF LENGTH 
NDIM*(NDIM+11/2+Z*NDIM. 

- AMSB,IOBUFF,LEQ1S,MVMUL 

- MATRICES ~ AND B STORED ON 
UNITS WITH UNIT NUMBERS 
RESPECTIVELY. 

EXTERNAL 
15 AND IQ 

REAL*& (A-H,O-Z)
 
XC 1 ) ,WA(I)
 
ZERO/0.DO/,ONE/1.DO/,SIXTN/16:DO/
 

FIRST	 EXECUTABLE S~ATEMENT
 

IF (ONE.LT.ONE+REPS) GOTO 5 
ERREST = MAX(SIXTN*NDIM*REPS,ABS(EPS) I 
EOLD = EIG 

C 
C	 OPEN FUES 

8 

c 
IUNIT1 = 10 
IUNIT~ = 15
 
OPEN (UNIT=10,IOSTAT=IOVAL,ACCESS='~IRECT',
 

* &TATUS='OLD' ,RECL=13024,FILE='FCOMPB' I 
IF (IOVAL.NE.OJ STOP
 
OPEN (UNIT=15,IOSTAT=IOVAL.ACCESS='DIRECT',


* STATUS~'OLD' ,RECL=13024,FILE='FCOMPA') 
IF (IOV~L.NE.Ol STOP 

C 
C EIGENVECTOR INITIALIZATION 
C 

DO	 10 I=l,NDIM
 
XCI) = ONE
 

10 CONTINUE 
C 
C SET MATRIX (A-EIG*BI IN WA(NA) 
C 

CALL AMS~(WA(NA},NBIM,EIG,EPS,IUNIT1,IUNIT21 

C 
C INVERSE ITERATION 
C 

CALL LEQIS(WA(NA),NDIM,X,l,NDIM,l,WAtNDl,IER)
 
DO 50 IT=l,l~
 

c
 
MULTIPLY ON MATRIX B AND NORMALIZEC
 

C
 VECTOR X 
C 

CALL MVMUL(NDIM,WA,X TiUNIT1)
 

SUM = ZERO
 
DO 20 I=l,NDIM
 

SUM =	 SUM+X(I)*X(I) 
20	 CONTINUE
 

SUM = ONE/SQRT(SUM)
 
DO 30 l=l,NDIM
 

TEMP = WA(I)*SUM 
WAll) = X(I)*SUM
 
XCI) = TEMP
 

30 CON.TINUE
 
C
 

MULTIPLY ON MATRIX INV(A-ESM*B}
C­
C
 

CALL LEQ1S(WA(NA),NDIM,X,l,NDIM,2,WA(ND),IERI
 
c 

CALCULATE REFINED EIGENVALUEc 
C 

SUM = ZERO
 
DO 40 I=l,NDIM
 

SUM = SUM+X(I)*WA(I)
 
40	 CONTINUE'
 

EPREV = EIG
 
EIG = EOLD+ONE/SUM
 
IF (ABS(EPREV-EIG).LT:ERREST*ABS(EIG») GOTO 55
 

c
 
50	 CONTINUE 

C 
55	 CALL MVMUL(NDIM,WA,X,IUNIT2)
 

TEMP = ZERO
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I'
 

DO 60 l=l.NOHl {;ALL IOBUFFI IREC, nUF2.1. HJNIT2) 
TEMP = 

6D CONT INUE 
TE~P+WA-( 11*X( I l IREC 

END IF 
= IRE<::+1 

CAL--L M-YMULIN-IHM.WA.X. IUNIT1) 
SUM = -ZERD 

M ~ M+l 
AlII) ~ BUF2iM)-SHFT*nUF1(MI 

DO 65 I=1,NOIM 
SUM = SUM+WA{II*X(II 

6.5 CONT-! NUE 

10 

20 

CONTINUE 
AliI) = AIII1~EPS*ABS1A(II)) 

CONTINUE 

C 
C 

70 

EIG =TH1P/SUM 
SUM = ONE/~~RTISUM) 

DO 70 I=1.NDIM 
XII I = X1U*SUM 

CONTIN\JE 

EXIT 
1 

C 

c 
C COMPUTER 

RETURN 
E-ND 
SUBROUTINE 

IBM/DOUBLE 

IOBUFF(IREC,BUFF,IjDB.IUNIT) 

C C 
RET~RN C COM-PILER - FORTRAN VS 
END C 
SUBROUTINE AMSB(A.NDIM.SHFT,EPS,IUNIT1,IUNIT21 C "LATEST REVISION - AUGUST 6, 1987 

C 
C C PERPOSE - READ AND/GR WRITE THE BUFFER ·BUFF 
C COMPUTER - -IBM/DOUBLE C OF /'1'0 THE EXTERNAL FILE. 
C C 

C COMPILER - FORT-RAN VS C USAGE - CALL IOBUFF(IREC,BUFF.IJOB.IUNITl 
C C 

C 
C 

LATEST REVISION - AUGUST 6, 1987 C 
C 

ARGUMENTS IREC 
BUFF 

- RECORD NUMBER. 
- BUFFER. FOR INPUT/OUTPUT. 

C 
C 
C 

PERPOSE - SET MATRIX (A-SHFT*BJ 
MEMORY, NUCLEUS FOR 

IN REAL 
INVITD. 

C 
C 
C 

IJOB - INPUT DPTION PARAMETER, 
IF IJOB=1,THEN READ BUFF 

THE EXTERNAL FILE. 
FROM 

C 
C 
C 

USAGE - CALL AMSBIA,NDIM.SHFT,EPS. 
. IUNIT1,IUNIT2) 

C 
C 
C 

IF IJOB=2,THEN WRITE 
EXTERNAL FILE, 

IF 1JOB=3,THEN WRITE 

BUFF TO THE 

PRECEEDING 
C 
C 
C 

ARGUMENTS A 

NDIM 

- LINEAR ARRAY, WHERE MATRIX 
(A-SHFT*B l STORED'. 

- ORDER OF MATRICES. 

C 
C 
C 

BUFFER TG THE EXTERNAL FILE 
READ NEW BUFFER WITH RECORD 
NUMBER IREC. 

AND 

c SHFT - SHIFT COEFFICIENT. C IUNIT - UNIT NUMBER. 
C EPS - REGULARIZATOR. C 
C IUNITl - UNIT NUMBER FOR FILE WITH MATRIX B. C REQD. -ROUTINES - 'NONE REQUIRED. 
C IUNIT2 - UNIT NUMBER FOR FILE WITH MATRIX A. C 
C 
C 
C 

REQD. ROUTINES - IOBUF-F IMPLICIT 
DIMENSION 

REAL*8 (A-H,O-Z) 
BUFF(1628J 

C--------­ C 
IMPLICIT REAL*8 IA-H.O-Z) C FIRST EXECUTABLE STATEMENT 

C 
DIMENStON BUF1( 16281,BUF2( 1628).A( 1~ C 

IWR = IREC 
C FIRST EXECUTABLE STATEMENT J IF (IJOB.EQ.3) IWR = IWR-1 
C IF (IJOB.EQ.11 nOTO 10 

I.! = 0 WRITE (UNIT=IUNIT,REC=IWR,IOSTAT=IOVAL) BUFF 
M = 1628 IF (IDVAL.NE.O) STOP 
IREC = 1 IF (IJOB.EQ.2) RETURN 
DO 20 I=1,NDIM 

DO 10 J=l,I 
10 CONTINUE 

READ (UNIT=IUNIT,REC=IREC,IOSTAT=IOVAL1 BUFF 
II = 11+1 IF (IOVAL.NE.O) STOP 
IF (M.EQ.1628) THEN 

M = 0 
CALL IOBUFF(IREC,BUF1,1,IUNIT11 ;}I 

C 
-RETURN 
END 

't I 
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SUBRQUTINE LEQIS fA,N,B,M,IU,IJOB,WA,IERISUBROUTINE MVMUL(NDIM,XX,X.IUNIT) 
C---------------------~-------------
C 

'C C COMPUTER - IDM/DOUflLE
C COMPUTER - IBM/DOUBLE C
C C COM-PILER - fORTRAN VS C COMPILER - FORTRAN VS C
C C 'LATEST REVISION - DECEMBER 3, 1986
C LATEST REVISION - AUGUST 6, I9~7 C
C C PURPOSE LINEAR EQUATION SOLUTION ­
C PERPOSE - MULTIPLY ON MATRIX THAT STORED ON C INDEFINITE MAtRIX - SYMMETRIC
C EXTERNAL UNIT IUNIT, NUCLEUS C STORAGE HODE - SPACE ECONDMIZER
C FOR INVITD. C SOLUTION
C C
C USAGE - GALL MVMUL(NDIM,XX,X,IUNIT) C USAGE - CALL LEQIS tA,N,B,M,IB,IJDB,WA,IER)
C C 
C ARGUMENTS NDIM - ORDER OF MATRIX AND LENGTH OF C ARGUMENTS A - INPUT/OUTPUT VECTOR OF DIMENSIONC VECTORS XX AND X. C N*(NtI)/2. SEE PARAMETER IJOB.C XX - OUTPUT VECTOR (XX=A*X). C N - ORDER OF MATRIX A AND THE NUMBER OF
C X - INPUT VECTOR. C ROWS IN B. (INPUT)
C IUNIT - EXTERNAL UNIT NUMBER. C B - INPUT/OUTPUT MATRIX OF DIMENSION N 
C C BY M. ON INPUT, B CONTAINS THE M 
C REQD. ROUTINES - IOBUFF C RIGHT-HAND S~DES OF THE EQUATION
C C AX = B. ON OUTPUT, THE SOLUTION 
C------------------------------------------------~------------ C MATRIX X REPLACES B. IF IJOB = I,IMPLICIT REAL*8 (A-H.O-Z) C B IS NOT USED.DIMENSION XX(I}.X(I),BUFF(I62~) C M ; NUMBER OF RIGHT HAND SIDES (COLUMNSDATA ZERO/O.DO/ C IN- B). tIN PUT)
C C IB ROW DIMENSION OF B EXACTLY AS
C FIRST"EXECUTAItLE S'FATEMEN'ff C SPECIFIE~ IN ~HE DIMENSIONC C STA'FEMENT IN THE CALLING PROGRAM.IREC = 1 C (INPUT)M :;: 1 C IJOB ~ INPUT OPTION PARAMETER. IJOB = ICALL IOBUFF(IREC,BUFF,l,IUNIT) C IMPLIES WHENXXtI) = BUFF(M)*X(l) C I = 0, FACTOR THE MATRIX A ANDDO ZO 1=2,.NDIM C SOLVE THE EQUATIO~ AX = B. ONIMl = I-t C INPUT, A CONTAINS THE COE~FICIENTXX(I} = ZERO C MATRIX OF THE EQUA~ION AX = B,DO 10 J=I,IMt C WHERE A IS ASSUMEU TO BE AN

M =- M+l C N BY N SYM~ETRIC MATRIX. A ISXX(Jt = XX(J)+BUFF(M)*X(I) C STORED IN SYMMETRIC STORAGE MODEXX(I) = XX(I)+BUFF(M)*X(J} C AND THEREFORE HAS DIMENSION IF (M.LT.l&28) GOTO 10 C N*(N+l)/2. ON OUTPUY, A 1& 
M = 0 C REPLACED BY ITS FACTORIZED FORM.IREC = IREC+l C I = I, FACTOR THE MATRIX A. CALL IOBUFF(IREC,BUFF,I,IUNIT) C A CONTAINS THE SAME INPUT/OUTPUT10 CONTINUE C INFORMATION AS I~ IJOB = O. B ISM = M+l C NOT USED.XX(I) = XX(!t+BUFF(M)*X(I) C I = 2, SOLVE THE ~QUATION AX = B.IF(M.LT.I628) GOTO 20 C THIS OPTION IMPLIES THAT LEQ1S 

M = 0 C HAS ALREADY BEEN CALLED USING 'IREC = IREC+l C IJOB = 0 OR 1 SO THAT THE MATRIXCALL IOBUFF(IREC,BUFF,I,IUNIT) C A HAS ALREADY BEEN 'FACTORED. 20 CONTINUE C IN THIS CASE, OUTPUT MATRIX AC C MUST HAVE BEEN SAVED FOR REUSE RETURN C IN THE CALL TO LEQIS.END 
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C WA WORK AREA OF LENGTH N. 
C 
C 

C 
C 
C 
C 
C 
C 
C 

IER - ERROR PARAMETER. IOUTPUT) 
WARNiNG ERROR lWITH FIXJ 

lER = 65 INDICATES 'fRAT MATRIX A! 
IS ALGORITHM!~ALLY SINGULAR. 

TERMINAL ERROR 
IER -= 129 INDICATES THAT MATRIX A 

IS EXACTLY SINGULAR ON ONE STEP 
OF PROCEDURE. C 

C 
C 

c 
c 

15 IMI = I-I 
1M2 = 1-2 
IX = I*IMl/2 
IXI = IX+I 

**** BEGIN LOOP **** 

CALCULATE MAXIMUM OFF 
DIAGONAL ELEMENT IN ROW I 

C 
C 
c 
c 

c 
c 
c 
c 
c 
c 

IER = {) 

IMPLIC It' 
DIMENSION 
DATA 
DATA 

**** FIRST STAGE DECOMPOSE A INTO THE 
PRODUCT M*D*M-TRANSPOSE 
WHERE M' IS UNIT LOWER 
TRIANGULAR AND D IS BLOCK 
DIAGONAL WITH BLOCKS OF 

FIRST EXECUTABLE STATEMENT 
INITIALI ZE IER 

REAL*8 'CA-H,O-Z) 
All '.B( IB, 1) ,WAf lJ 
ZERO/O.ODO/.SIX~N/16.0DO/ 

ALPRA/D.64D3882DO/ 

**** 

C 
C 
C 

C 

20 

All ~ ABS(AlIXI)) 
SAVE = ZERO 
DO 20 L=l,IMl 

TEMP -= ABS1AlIX+L)) 
~ (TEMP.GT.SAVE) THEN 

SAVE = TEMP 
J = L 

END IF 
CONTINUE 
ICHANG = I 
IF lAII.GE.ALPHA*SAVEl GOTO 

CALCULATE MAXIMUM OFF 
DIAGONAL ELEMENT IN 

35 

ROW J 
C 

c 
c 

ORDER 1 OR 2. 
M AND D ARE WRITTEN OVER A~ 

C 
SIGMA = SAVE 
JX = J*IJ-1)/2 

c 
C 
C 
C 

RN = SIXTN*N 
LL = 1 
DO 10 l=l,N 

WAll) = ZERO 
L = LL 
DO 5 J=l,N 

TEMP = ABSlAfLl1 
IF ITEMP.-GT.WA~li)1 WAll) 
IF IJ.LT.I) THEN 

L -= L+ 1 
ELSE 

TEMP 

CALCULATE 
FACTORS 

IF IN.LE.O) GOTO 9005 
~F (IJOB.EQ.2l GOTO 8D 

EQUILIBRATION 

C 
C 
-C 
·C 

25 

TEMP 

CHOOSE A STRATEGY .FOR THE 
PIVOTING 

IF {AII*SIGMA.GE.A~PHA*SAVE*SAVE)GOTO 35 

JXJ = JX+J 
JXT = JX+1 
AJJ = ABSlAlJXJ'J 
DO 25 L=I,IM1 

TEMP = ABSlA1JXTll 
IF lTEMP.GT.SIGMA.AND.L.NE.Jl SIGMA 
IF lL.LT.J) ~HEN 

JXT = JXT+i 
ELSE 

JX1' = JXT+L 
EN)) IF 

CONTINUE 

L = 
END IF 

L+J C 
IF (AJJ.LT.ALPHA*SIGMA~ GOTO 50 

5 CONTINUE 
WAIIl = WAIIl~RN 

C 
C INTERCHANGE ROWS I AND J 

LL = LL+l C 

10 CONTINUE JXT -= JX+l 

'C 

I = N 
IF iI.EQ.1) GOTO 75 

DO 30 1.=1', un 
TEMP = AlIX+L) 
A{IX+L) = AlJXT) 
A(JXT) ='"TEMP 
IF lL.LT.J) THEN 

JXT = JXT+1 

14 
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..­
I 
I 

DO 55 L=1,IM2 
ELSE.­

JXT = JXT+L 
END IF 

:IO CONTINUE 
TEMP = Af.lXJl 
AIJXJl = AlIXIl 
AtIXI} = AtlX+Jl 
Af1X+JI = 'JEMP 
TEM.P = WAll) 
WAIIJ = WAIJ) 
WAI J I = TEMP-
All = AJJ 
ICHANG = J 

C 
C WE USE A 1 BY 1 
C 

35 IF lWAII)+AII.LE.WAtIT) IER = 65 
IF IAII.E~.ZERO) GOTO 9005 
WAt I} = ICHANG 

C 
All = AIIXll 
IXT = lX+l 
DO 45 J=IMl.l,-l 

SAVE = -AfIX+J)/AII 
IXL = IXT-l 
IXT = IXT-J 
ISH = IX'-IX'F+1 
MM = MODIJ,S) 
IF IMM.NE.Ol THEN 

DO 39 K=IXT~IXT+MM-I 

AIK) = AIK)+SAVE*A(ISH+Kl 
39 CONTINUE 

END IF 
IXF = IXT+MM 
DO 40 K=IXF,IXL,5 

ACKl = ACK)+SAVE*AIISH+Kl 
AIK+l' = AIK+ll+SAVE*ACISH+K+l) 
AIK+2) = AIK+2l+SAVE*A(ISH+K+2) 
AIK+3) = AIK+3)+SAVE*A(ISH+K+3) 
AlK+4) = A(K+4)~SAVE*A(ISH+K+4) 

40 CONTINUE 
AIIX+J) ; SAVE 

45 CONTINUE 
I = 1M 1~ 

IF II.GT~ll GOTO 15 
GOTO 75 

C 
C WE USE A 2 BY 2 
C 

50 IXI = IX-IMI 
IF (J.EQ.IMII GOTO 60 

C 
C INTERCHANGE ROWS 
C 

JXT JX+l 

PIVOT 

PIVOT 

1-1 AND J 

TEMP = A( IXl+L 1
 
A(IXl+L) = A(JXT)
 
A( JXT) = TEMP
 
IF (L.LT.J) THEN
 

JXT = JXT+l
 
ELSE
 

JXl' = JXT+L
 
END IF
 

55	 CONTINUE
 
TEMP = A(JXJ)
 
AIJXJ) = AlIXI
 
A(IX) = A(IXl+J)
 
A( IXl+J) = TEMP
 
TEMP = A(IX+Jl
 
A(IX+J) = A(IX+IMl)
 
A(IX+IMl) = TEMP
 
TEMP = WAf IMl)
 
WA(IMl) = WAlJ)
 
WA(J) = TEMP
 

C 
C DEl' MUST BE NEGATIVE 
C 

60	 DEl' = A(IXI1*A(IX)-A(IXI-l)**2 
C 

TEMP = MAX(WA(I),WA(IMl» 
IF (TEMP+ABS(DET).LE.TEMP) IER = 65 
IF (DET.GE.ZERO) GOTO 9005 .
 
WA(I) = J
 
WA(IMl) = DEl'
 

C 
AIMlI = A(IXI-l)/DET 
All = A(IXI)/DET 
AIMI = A(IX)/DET 
IF (IM2.EQ.0) RETURN 
IXT = IXI 
DO 70 J=IM2,1,-1 

SAVE = AIMII*A(IXI+J)-AIMl*A(IX+J)
 
TEMP = AIMlI*A(IX+J)-AII*A(IXl+J)
 
IXT = IXl'-J
 
DO 65 K=l,J
 

A(IXT+K) = A(IXT+K)+A(IX+K)*SAVE+A(IXl+K)*TEMP 
65	 CONTINUE
 

A(IX+J) = SAVE
 
A( IXl+J) = TEMP
 

70	 CONTINUE
 
I = 1M2
 
IF (I.GT.l) GOTO 15
 

75	 IF (I.LE.O) GOTO 80
 
IF (WA(l)+ABS(A(I».LE.WA(I» IER = 65
 
IF (A(l).EQ.ZERO) GOTO 9005
 
WAf 1) = 1
 

C 
C **** SECOND STAGE **** SOLVE M*D*MT*X = B WHERE 
C MT = M-TRANSPOSE. 
C 

1716 



80 IF IIJOB.EQ.1) G0 TO 9000 
c DO 115 K=I,II

DO 120 JC=l,M SAVE = B(K,JC)
c DO 110 J=1,IM1 
c	 SOLVE M*D*Y B AND STORE SAVE = SAVE+AIIX+J)*BI~.JCl 
c	 Y IN B 110 CONTINUE 
c B-1 K, JC) = SAVE 

I = N IX = IX+K 
85 IF	 II.LE.1 I GOTO IOU 115 CONTINUE 

IM1 = I-I ICHANG =	 WAI II)
IX = I*IM1/2 SAVE = B(I,JC)
.IXI = IX+I BII,JC) = BIICHANG,JCI
ICHANG =	 WAll) B(ICHANG,JC) ~ SAVE 
SAVE = BIICHANG,JCI I = 11+1 
IF IWAIIMl l.GT.ZERO) THEN GOTO 105 

C 120 CONTINUE 
C	 WE USE A 1 BY 1 PIVOT C 
C C	 EXIT 

BIICHANG,JCI = BII,JCI C 
BII,JCI = SAVE/A(IXII 9000 IF (IER.EQ.O) RETURN 
DO 90 J=1,IM1 IF (IER.EQ.65) PRINT 9065 

B(J,JCI = BIJ,JCI+A(IX+JI*SAVE 9065 FORMAT(/5X, 'WARNING ERROR IER=65 IN *** LEQ1S ***'1 
90	 CONTINUE * 7X, 'MATRIX A IS ALGORITHMICALLY SINGULAR.'/)

I = IM1 RETURN
ELSE 9005 IER	 = 129 

C PRINT 9129 
C	 WE USE A 2 BY 2 PIVOT 9129 FORMATI/5X, 'TERMINAL ERROR IER=129 IN *** LEQ1S ***'1 
C * 7X, 'MATRIX A IS EXACTLY SINGULAR. 'I}

TEMP = BII,JC) RETURN
BIICHANG,JCI = BIIM1,JCI END
DET = WA(IM1)
 
IX1 = IX-Hll
 
1M2 =_ 1-2
 
BII,JCI = ITEMP*A(IXI-SAVE*A(IX+IM1) I/DET
 JIHTeparrypa
B(IM1,JCI = ISAVE*AIIXI)-TEMP*A(IX+IM1) I/DET
 
DO 95 J=l, 1M2
 

B(J,JC) = BIJ,JCI+AIIX+J)*TEMP+AIIX1+J)*SAVE
 I. rra~8TT E. CRMM8TP~HaR npoo~sMa coocTBeHHHx 3Ha~eHHM. ~c~eHHHe 
95	 CONTINUE
 

I = 1M2 MeTO~. - M., MMp, 1983.
 
END IF	 2. Bunch J.R., Kaufman L. Some stable methods for calculating
GOTO 85
 

100 IF II.EQ.1 I THEN inertia and solving symmetr~cl linear systems. ­
BI 1 , JC I = B11, JC I I A11 ) Math. Comp., 1977, v.31, No 137, p.163-179.
I = 2 

ELSE 3. 'KOpOOOB B.11. PeryJIRpH3arum 8KCTpeMaJffiHHX COOCTB8HHI:lX 3Ha'tISHHit ;II,JIR 
1=3 CZMMeTpRqHOn oOOOmSHHOA 3~a~. - ITpsnpHHT OI1HI1, PII-87-351,

END IF 
C ,1J,yoHa, 1987. 
C SOLVE MT*X Y AND STORE 4. Bathe	 K.J., Wilson E., 1976. Numerical Methods in Finite Element 
C	 X IN B 
C Analysis.- Englewood Cliffs, N.J.: Prentice-Hall. 

105 IF (I.GT.NI GOTO 120 5. YHJIKHHCOH ,1])K. AJIrsopawr8CKaR npooaeaa COOCTBSHHHX 3Ha~sHHit. ­
II = I 
IF (WAII)~LE.ZEROI II = I+1 M.: HayKa, 1970.
 
IMI ::: I-I
 6. I1KpaMOB X.,1.(. llHC~8HHH8 M8TO,!U:l .IVLR: CHMM8TPlfCIHHX .mllletiImx CHCTSM.
IX = I*IM1/2
 

- M.: HaYKa, 198'8. .
 
7. Aasen	 J.O. On the reduction of a symmetric matrix to tridiagonal 

form. - BIT, 1971,v.2,No3, p.233-242. 
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